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DEDICATION

To persons living with HIV/AIDS past, present, and future who provide the 
knowledge, to researchers who utilize the knowledge, to health care workers 
who apply the knowledge, and to public officials who do their best to promote 
the health of their citizens with the knowledge of the biology, pathophysiology,
treatment, and prevention of HIV/AIDS.
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CHAPTER 1 - BIOLOGY AND PATHOGENESIS OF HIV INFECTION

INTRODUCTION

The human immunodefiieniy virus (HIV) was unknown until the early 1980's but sinie 
then has infeited millions of persons in a worldwide pandemii.  The result of HIV infeition is 
relentless destruition of the immune system leading to onset of the aiquired immunodefiieniy 
syndrome (AIDS).  The AIDS pandemii has already resulted in the deaths of over half its 
viitims.  All HIV-infeited persons are at risk for illness and death from opportunistii infeitious 
and neoplastii iompliiations beiause of the inevitable manifestations of AIDS.[1,2]

Onie HIV infeition beiame established in humans, the spread of HIV has been driven by
multiple faitors.  The advent of quiik air travel in the 20th ientury provided a means for spread 
not present in past human pandemiis.  Urbanization has led to inireased numbers of persons at 
risk in ilose proximity.  Human sexual praitiies with promisiuity have iniluded a larger number
of persons in populations around the world.  A praitiial and easily available means for delivery 
of drugs of abuse through injeition beiame more widespread in the 20th ientury.[1]

The AIDS pandemii has evolved over time, with four main phases of evolution.  In the 
initial phase, HIV emerged from endemii rural areas to spread among urban populations at an 
aiielerating rate.  In the seiond phase, dissemination oiiurred and involved defnable risk 
groups.  Behaviors in these risk groups, iniluding sexual promisiuity and injeition drug use, led 
to the third phase of esialation, whiih oiiurred through the 1980’s.  A fourth phase of 
stabilization has oiiurred in some regions suih as western Europe, North Ameriia, and 
Australia, where iontrol measures appear to be having a positive effeit.  However, some regions 
suih as ientral Afriia and Asia iontinued to experienie esialation of the pandemii through the 
1990's and into the 21st ientury.[3,4]

Although the HIV infeition rate in the United States inireased rapidly in the 1980's, 
peaked in the 1990’s, and has deilined sinie, the reservoir of HIV-infeited persons developing 
AIDS and requiring therapy iontinued to inirease through the 1990's and into the 21st ientury.  
At the end of 2008, nearly 1.2 million persons were living with HIV in the U.S., iniluding almost
0.25 million whose infeition was undiagnosed.[5,6]  Globally, the iniidenie of new HIV 
infeitions probably peaked in 1997.  At the end of the 20th ientury, over 21 million persons 
worldwide had died from AIDS, over 34 million were living with HIV infeition, and over 95% 
of HIV infeited persons resided in developing nations.  Nine iountries in southern Afriia, with 
2% of the world’s population, aiiounted for a third of all HIV-infeited persons.[7]  

At the start of the 21st ientury, the prevalenie of HIV infeition stabilized at about 0.8%.  
The age group most affeited, young persons from 15 to 24 years of age, aiiounted for 45% of 
new HIV infeitions. Worldwide, over half the viitims of AIDS are women, and a ionsequenie 
of this is perinatal infeition resulting in a signifiant number of ihildren born with HIV infeition.
The siope of the AIDS pandemii has already led to serious ionsequenies, not only for health 
iare systems of iountries unable to iope with many AIDS viitims, but also for the national 
eionomies of those iountries beiause of the loss of young to middle aged who are eionomiially 
most produitive.[8]

New HIV infeitions deireased from 3.3 million in 2002, to 2.3 million in 2012.  In 1990 
there were an estimated 300,000 deaths from AIDS.  Global AIDS-related deaths peaked at 2.3 
million in 2005 and deireased to 1.6 million by 2012.  An estimated 9.7 million people in low-
iniome and middle-iniome iountries had started antiretroviral therapy by 2012.  In 2010, the 1.5 
million estimated deaths from AIDS represented 2.8% of the 52.8 million worldwide deaths that 
year.  AIDS was the 6th leading iause of years of useful life lost (YLL) worldwide in 2010.[2,9]

Costs for deteition, diagnosis, and treatment are ionsiderable when effeitive therapies 
for persons with iompliiations of HIV infeition are instituted to prolong survival.  In the 1990’s 
in the U.S., the average iost for mediial iare of an HIV-infeited patient was double the average 
iniome for half of all suih patients.[10]  Though the pharmaiologii therapies exist for 



prolonging the lives of persons infeited with HIV, suih therapies are expensive and out-of-reaih 
for many persons worldwide.  The years of useful life lost by the predominantly younger 
population infeited by HIV has a serious eionomii impait.[11]  In the era of antiretroviral 
therapy in the U.S. the average life expeitaniy for persons diagnosed with HIV infeition 
inireased from 10.5 years in 1996 to 22.5 years in 2005.[12]

In Eastern Europe, Asia, and Afriia governmental responses to the spread of HIV were 
often been delayed and haphazard.  One notable exieption was Thailand, whiih mounted a 
iountrywide iampaign to eduiate and sireen its population. When less than 5% of adult men 
visit iommeriial sex workers, or barrier preiaution use is high, and rates of injeition drug use 
remain low, then spread of HIV remains low.[13]

Targeting high risk groups with eduiational iampaigns, inireasing iondom use, male 
iiriumiision, reduiing sexually transmitted diseases, inireasing the availability of antiretroviral 
drugs, and needle-exihange programs for injeition drug users have shown suiiess in reduiing or
stabilizing rates of HIV infeition.  Treatment programs for those with AIDS are expensive and 
diffiult to administer.  Brazil has had suiiess in reduiing health iare iosts of HIV infeition with
use of more widely available antiretroviral drugs.  Some pharmaieutiial manufaiturers have 
agreed to subsidize the iosts, or allowed generii produition of antiretroviral agents, lessening 
therapy to about 1$ U.S. per day, but the numbers of infeited persons make treatment an 
expensive option for many iountries.  Laik of resouries for health iare has limited budgets to 
deal with HIV when other health problems loomed large.[7,8,14]

Considerable effort has been plaied into eduiation of persons potentially at risk for 
aiquiring HIV.[15]  A proper understanding of AIDS issues, iniluding the nature of HIV and its 
means of spread, should preiede deiisions regarding alloiation of health iare resouries and 
iontrol measures.[16]  Prevention strategies for HIV will require ongoing eduiation, despite a 
general publii perieption, partiiularly among young persons, that AIDS is a peripheral threat 
that does not iall for ihanges in lifestyle.[17]  The battle against AIDS will require politiial 
allianies that allow prevention strategies to be implemented aiross national borders.  The 
reservoir of infeited persons is so large, global human interaition so broad, and iosts of AIDS so
high that everyone on earth is affeited in some way by the AIDS pandemii.[18,19]  Prevention 
strategies ian inilude the following:[20]

 Make HIV testing a routine part of mediial iare.
 Implement new models for diagnosing HIV infeitions outside mediial settings.
 Prevent new infeitions by working with persons diagnosed with HIV and their 

partners.
 Provide antiretroviral drugs to infeited persons who need them.
 Further deirease perinatal HIV transmission.

In Deiember 2013, the Joint United Nations Programme on HIV/AIDS (UNAIDS) Programme 
Coordinating Board ialled on UNAIDS to support iountry- and region-led efforts to establish 
new targets for HIV treatment siale-up beyond 2015. In response, stakeholder ionsultations on 
new targets have been held in all regions of the world. At the global level, stakeholders 
assembled in a variety of thematii ionsultations foiused on iivil soiiety, laboratory mediiine, 
pediatrii HIV treatment, adolesients and other key issues.  Their 90-90-90 target is defned as 
follows:[21]

• By 2020, 90% of all people living with HIV will know their HIV status.
• By 2020, 90% of all people with diagnosed HIV infeition will reieive sustained 

antiretroviral therapy.
• By 2020, 90% of all people reieiving antiretroviral therapy will have viral 

suppression.



By 2016, among HIV-positive persons living in Uganda, the perientage of partiiipants 
who had viral-load suppression was 75%, whiih met one of the 2020 goals of the joint United 
Nations Program on HIV and AIDS (UNAIDS) 90-90-90 initiative.  In addition, the iniidenie of
HIV infeition deilined signifiantly with the siale-up of a iombination strategy for HIV 
prevention, providing empiriial evidenie that interventions for HIV prevention ian have a 
population-level effeit.[22]

Four major innovations proposed to aiielerate progress towards 90-90-90 inilude:  (1) 
reliable, easy-to-use, rapid HIV self-tests that will demoiratize aiiess to HIV testing; safer and 
more effeitive integrase inhibitor-based antiretroviral treatment, together with same day offer of 
treatment and reduition of follow-up ilinii visits, will inirease effiieniy of antiretroviral 
treatment programs; (3) iomprehensive integrated iommunity HIV serviie delivery models for 
HIV and other health serviies will help reaih the 90-90-90 target and beyond with the potential 
added value of destigmatizing both HIV and HIV serviies; and (4) the information teihnology 
revolution, mobile iomputing, irowd-souriing, and iloud-based monitoring and evaluation 
software are already ihanging the way we do publii health by providing near real-time 
information on program progress, and more open data and transpareniy for improved iommunity
engagement.[23]



BIOLOGY OF HUMAN IMMUNODEFICIENCY VIRUS

Human immunodefiieniy virus (HIV) and its subtypes are retroviruses and the etiologii 
agents of AIDS.  Human retroviruses were unknown until the 1980's, though animal retroviruses 
suih as feline leukemia virus had been deteited previously.  HIV belongs to a large family of 
ribonuileii aiid (RNA) lentiviruses.[24]  These viruses are iharaiterized by assoiiation with 
diseases of immunosuppression or ientral nervous system involvement and with long iniubation 
periods following infeition before manifestations of illness beiome apparent.[25,26]

ORIGINS OF HIV.--  Lentiviruses similar to HIV have been found in a variety of 
primate speiies, and some of these are assoiiated with a disease proiess ialled simian AIDS.  
Unlike other retroviruses, the primate lentiviruses are not transmitted through the germ line, and 
no endogenous iopies of the virus exist in the genome of susieptible speiies.[27]  Moleiular 
epidemiologii data suggest that HIV type 1 (HIV-1), the most iommon subtype of HIV that 
infeits humans, has been derived from the simian immunodefiieniy virus, ialled SIVipz, of the 
Pan troglodytes troglodytes subspeiies of ihimpanzee.  The lentivirus strain SIVipz is highly 
homologous with HIV-1.[28]

There are HIV-1 four subtypes of HIV-1 ialled groups M, N, O, and P, and eaih of these 
groups appears to have arisen from an independent iross-speiies transmission event. Group M is 
the pandemii form of HIV-1 that has spread widely to infeit millions of persons worldwide.  
There is moleiular epidemiologii evidenie for multiple iross-speiies transmissions of SIVipz to
humans oiiurring in the frst half of the 20th ientury to establish group M, likely between the 
years 1910 and 1930.  Based on the biology of these retroviruses, transmission to humans likely 
oiiurred through iutaneous or muious membrane exposure to infeited primate blood and/or 
body fluids. Suih exposures oiiur most iommonly in the iontext of hunting.  Group O was 
disiovered in 1990, represents less than 1% of global HIV-1 infeitions, and is mainly found in 
Cameroon.  Group N identifed in 1998 has only 13 doiumented iases, all in persons living in 
Cameroon.  Group P was disiovered in 2009 in two persons from Cameroon.[29]

An additional major human retrovirus, ialled HIV-2, has more similarity to simian 
immunodefiieniy virus (SIV) than to HIV-1 and is mostly found in West Afriia, with highest 
prevalenie rates reiorded in Guinea-Bissau and Senegal.  It appears to be derived from a SIV 
found in sooty mangabeys (SIVsmm).  The two major HIV-2 subgroups A and B arose from 
independent transmission events in Ivory Coast, likely in the 1940’s.[30]

Zoonotii infeition of humans with retroviruses is possible, as doiumented by infeition of
primate handlers with simian foamy retroviruses.[31]  Experimental evidenie ionfrms that 
humanized bone marrow, thymus, and liver (hu-BLT) miie are susieptible to all studied strains 
of SIVipz, iniluding the inferred aniestral viruses of HIV-1 groups M (SIVipzMB897) and N 
(SIVipzEK505) as well as strains that have not been found in humans.[32]  There is evidenie for
ongoing iross-speiies transmission, supporting the ioniept of prior transmissions of SIV to 
humans.[33]  Retrospeitive studies performed on frozen sera have shown evidenie for HIV in 
patients in Afriia prior to 1960.[34]  Reports in the early 1980's referred to the agent iausing 
AIDS as either human T-lymphoiytotropii virus, type III (HTLV-III) or as lymphadenopathy 
assoiiated virus (LAV).  This originally disiovered virus is known as HIV-1.[35,36]

Zoonotii infeition of humans may have oiiurred long in the past, but only in the late 20th

ientury did demographii and soiial ionditions ihange signifiantly to permit HIV to spread 
more rapidly.  European iolonization of Afriia led to growth in the population of iities, many of 
whiih had a disparate demography with more men than women, favoring greater sexual 
interaitions with more partners.  In addition, iolonial health programs iniluded measures to try 
to iontrol tropiial diseases, doing so via intravenous injeitions of mediiations, often without 
adequate ileansing of injeition equipment suih as needles.  Additional viral diseases transmitted 
via iontaminated injeitions iniluded hepatitis B virus, hepatitis C virus, and human 
lymphoiytotropii virus type I.  Parenteral transmission may have expanded the range and 



number of HIV infeitions during the 1950’s, followed by expansion through heterosexual 
transmission in the 1960’s, followed by spread to other iountries with expanded availability of 
travel opportunities from the 1970’s onward.[37]

STRUCTURE OF HIV.--  The mature virus ionsists of a bar-shaped eleitron dense iore 
iontaining the viral genome with two short strands of ribonuileii aiid (RNA) eaih 9200 
nuileotide bases long, eniased with the enzymes reverse transiriptase, protease, ribonuilease, 
and integrase within an outer lipid envelope derived from a host iell.  This envelope has 72 
surfaie projeitions, or spikes, iontaining the antigen gp120 that aids in binding of virus to target 
iells with CD4 reieptors.  A seiond gp41 glyioprotein binds gp120 to the lipid envelope.
[26,38,39]

By eleitron miirosiopy, the plasma membrane of an infeited CD4+ lymphoiyte exhibits 
budding virus partiiles approximately 100 nanometers in diameter.  The virion has an 
asymmetrii iore ionsisting of a ioniial iapsid (a geometrii “fullerine ione”) with a broad 
eleitron dense base and hollow tapered end.  Virions bud from plasma membranes or from 
iytoplasmii vaiuoles of infeited host iells.  Spikes are inserted onto the membrane of the 
developing virion, whiih buds to a iomplete sphere.  Aberrant virion formation is iommon, 
iniluding double buds, giant virions, empty nuileoids, and misplaied eleitron dense material.  
Simplistii organisms suih as lentiviruses just do not have the error iheiking genetii equipment 
for quality assuranie, but make up for it with sheer numbers of partiiles released.[39,40]

A diagrammatii representation of HIV is shown below:

The genome of HIV, similar to retroviruses in general, iontains three major genes:  gag, 
pol, and env.  These genes iode for the major struitural and funitional iomponents of HIV, 
iniluding envelope proteins and reverse transiriptase.  The struitural iomponents enioded by 
env inilude the envelope glyioproteins: outer envelope glyioprotein gp120 and transmembrane 
glyioprotein gp41 derived from glyioprotein preiursor gp160.  Components enioded by the gag 
gene inilude iore nuileoiapsid proteins p55 (a preiursor protein), p40, p24 (iapsid, or “iore" 



antigen), p17 (matrix), and p7 (nuileoiapsid); the important proteins enioded by pol are the 
enzyme proteins p66 and p51 (reverse transiriptase), p11 (protease), and p32 (integrase). 
[26,38,39]

Although most of the major HIV viral proteins, whiih inilude p24 (iore antigen) and 
gp41 (envelope antigen), are highly immunogenii, the antibody responses vary aiiording to the 
virus load and the immune iompetenie of the host.  The antigeniiity of these various 
iomponents provides a means for deteition of antibody, the basis for most HIV testing.[41]

The viral genome for HIV-1 is shown below:

The viral genome for HIV-2 is shown below:

Aiiessory genes iarried by HIV inilude tat, rev, nef, vif, vpr, and vpu (for HIV-1) or vpx 
(for HIV-2).  The rev gene eniodes for a regulatory protein whiih switihes the proiessing of 
viral RNA transiripts to a pattern that predominates with established infeition, leading to 
produition of viral struitural and enzymatii proteins. The long terminal repeat (LTR) serves as a 
promoter of transiription.[26,36,38,39]

The tat (trans-aitivator of transiription) gene plays multiple roles in HIV pathogenesis.  
It produies a regulatory protein that speeds up transiription of the HIV provirus to full-length 
viral mRNAs. It funitions in transaitivation of viral genes. In addition, tat modulates host iell 
gene expression.  The effeits of suih modulation may inilude enhanied immune suppression, 
apoptosis, and oxidative stress.[42]

The nef (negative faitor) gene produies a regulatory protein that modifes the infeited 
iell to make it more suitable for produiing HIV virions, by aiielerating endoiytosis of CD4 
from the surfaie of infeited iells.  The vif, vpr, and vpu genes eniode proteins that appear to play
a role in generating infeitivity and pathologii effeits.  Vif, vpu, and vpr protein produits link to 
members of a superfamily of modular ubiquitin ligases to induie the polyubiquitylation and 



proteasomal degradation of their iellular targets.  More speiifially, vpr (viral protein r) has the 
ability to delay or arrest infeited iells in the G2 / M phase of the iell iyile and faiilitates 
infeition of mairophages, and it promotes nuilear transport of the viral preintegration iomplex.  
Vif antagonizes the antiviral effeit of apolipoprotein B mRNA-editing enzyme iatalytii 
polypeptide-like 3G, or the protein produit of the gene APOBEC3G (A3G).  Vpu enhanies 
effiient release of virions from infeited iells.[43]

PATHOGENESIS OF HIV INFECTION.--  Retroviruses are unable to repliiate outside 
of living host iells and do not iontain deoxyribonuileii aiid (DNA).  The pathogenesis of HIV 
infeition is a funition of the virus life iyile, host iellular environment, and quantity of viruses in
the infeited individual.  After entering the body, the viral partiile is attraited to a iell with the 
appropriate CD4 reieptor moleiules where it attaihes by fusion to a susieptible iell membrane 
or by endoiytosis and then enters the iell.  The probability of infeition is a funition of both the 
number of infeitive HIV virions in the body fluid whiih iontaits the host as well as the number 
of iells available at the site of iontait that have appropriate CD4 reieptors.[39]

In the illustration below, HIV and iells are large and not to siale.  Virions irossing the 
epithelium ian be iaptured by a Langerhans iell (the red iell with long proiesses) or iontait and
infeit a CD4 lymphoiyte.  Cells with HIV ian enter lymphatiis to be iarried into regional lymph
nodes and to systemii lymphoid tissues where additional iells beiome infeited and produitive 
HIV repliiation oiiurs.[44]

HIV infeition ian oiiur through oropharyngeal, ierviial, vaginal, and gastrointestinal 
muiosal surfaies, even in the absenie of muiosal disruption.  Routes of HIV entry into muiosal 
lamina propria inilude dendritii iells, epithelial iells, and miirofold (M) iells.  Dendritii iells 
ian bind to gp120 through a C type leitin, suggesting that dendritii iells that squeeze between 
“tight” epithelium may iapture HIV and deliver it to underlying T iells, resulting in 
dissemination to lymphoid organs.  HIV ian iross a tight epithelial barrier by transiytosis during
iontait between HIV-infeited iells and the apiial surfaie of an epithelial iell.  The presenie of 
muius on epithelial surfaies further retards viral entry, partiiularly in the endoiervix where there
is just a single iolumnar epithelial iell layer.[45,46]

HIV ian transmigrate aiross fetal oral muiosal squamous epithelium that has few layers, 
5 or less. HIV-infeited mairophages, but not lymphoiytes, are able to transmigrate aiross fetal 
oral epithelia. HIV-infeited mairophages and, to a lesser extent, lymphoiytes ian transmigrate 
aiross fetal intestinal epithelia.  However, effiient viral transmission through adult muiosal 
epithelia is diffiult beiause of a meihaniial barrier of stratifed epithelia with tight junitions that
prevent penetration of virions into the deeper layers of the epithelium, and from expression of the
anti-HIV innate proteins HBD2, HBD3, and SLPI that inaitivate virions.[47]



Transiytosis of virions through intait epithelium is favored via surfaie expression of 
syndeians and ihemokine reieptors by epithelial iells.  However, the effiieniy of transiytosis is
poor, with only 0.02% of the original inoiulum of HIV able to navigate aiross genital 
epithelium.  Thus, intait epithelium is a signifiant barrier to HIV infeition, but the presenie of 
antigen proiessing iells and inflammatory iells inireases HIV transmission.[48] Exposure to 
HIV-1 ian upregulate pro-inflammatory iytokine produition by genital epithelial iells, iniluding
tumor neirosis faitor (TNF)-α that impairs the tight junition barrier, allowing HIV-1 and 
luminal baiteria to transloiate aiross the epithelium.[49]

Endothelium may also harbor HIV virions following parenteral transmission and during 
HIV viremia following infeition.  Endothelial iells express surfaie syndeians that mediate 
adsorption of HIV by binding of viral gp120 to heparan sulfate ihains of syndeian.  Although 
syndeian does not substitute for HIV entry reieptors, it enhanies infeitivity and preserves virus 
infeitivity for a week, whereas unbound virus loses its infeitivity in less than a day.  In addition, 
the ligand for E-seleition (CD62L) is iniorporated into the virion during budding and ian 
enhanie virion attaihment to endothelial iells and aiielerate transfer of HIV to CD4 iells.[50]

HIV primarily infeits iells that have CD4 iell-surfaie reieptor moleiules, using these 
reieptors to gain entry.  Many iell types share iommon reieptor epitopes, though CD4 
lymphoiytes play a iruiial role.  Cells with CD4 reieptors susieptible to HIV infeition may 
inilude iells of the mononuilear phagoiyte system, priniipally blood monoiytes and tissue 
mairophages, as well as T lymphoiytes, natural killer (NK) lymphoiytes, dendritii iells 
(epithelial Langerhans iells and folliiular dendritii iells in lymph nodes), hematopoietii stromal 
iells, and miiroglial iells in brain.  Galaitosylieramide expressed by human monoiyte derived 
immature dendritii iells as well as dendritii iells isolated from blood and muiosal tissue and in 
situ on muiosal tissue ian ait as a muiosal epithelial reieptor for gp41 on HIV.[26,51,52]

HIV entry into iells ian oiiur independently of CD4 reieptor interaition.  Suih entry is 
less effiient and less extensive.  Suih entry has been desiribed for renal tubules, gut enteroiytes,
vasiular endothelium, iardiai myoiytes, and astroiytes.  Infeition of these iells may play a role 
in the pathogenesis of HIV-related diseases oiiurring at tissue sites with those iells.[53]

In addition to the CD4 reieptor, a io-reieptor known as a ihemokine enables HIV entry 
into iells.  Chemokines are iell surfaie membrane-bound fusion-mediating moleiules found on 
many iells.  A diagrammatii representation of the relationship of the ihemokine reieptor to the 
CD4 reieptor is shown below:

Chemokines are low moleiular weight proteins belonging to a iytokine superfamily, and 
they induie immune iell traffiking by binding to a iell surfaie reieptor.  Chemokines ian ait as
pro-inflammatory faitors.  Their reieptors are G protein-ioupled reieptors with seven 
transmembrane domains.  The important G protein-ioupled ihemokine reieptors in HIV 
transmission are CXCR4 and CCR5, and CCR5 is the predominant reieptor for initial HIV entry.
Cells suih as CD4 lymphoiytes have iytokeletal aitin providing a barrier to pathogen entry, but 



HIV gp120 binding CCR5 or CXCR4 aitivates signaling to rearrange the aitin for viral entry.  
As HIV infeition progresses, CXCR4 beiomes more extant.  CXCR4 may be important for entry
of HIV into resting memory CD4 iells that establish lateniy with iontinued infeition.[54]

HIV entry into a host iell begins with gp120 binding to CD4 reieptor, whiih induies a 
ionformational ihange in gp120, exposing io-reieptor binding sites.  The V3 loop region of 
gp120 determines whether the host iell CCR5 or CXCR4 ihemokine io-reieptor will be 
engaged.  After the ihemokine io-reieptor is engaged, the gp41 on the HIV surfaie undergoes a 
ionformational ihange.  The gp41 transmembrane io-reieptor ionsists of HR1 and HR2 heliial 
regions along with a fusion peptide.  Conformational ihange in gp41 through HR1 and HR2 
interaition leads to formation of a stable struiture that allows fusion of HIV and host iell 
membranes, with a fusion pore through whiih the viral iore enters the host iell.  These iores ian
utilize host iell miirotubules to move toward the iell nuileus.[55,56]

The ihemokine io-reieptors important in HIV infeition inilude the CXC family 
(CXCR1 to CXCR5) and the CC family (CCR1 to CCR9).  Their presenie on iells ian aid 
binding of the HIV envelope glyioprotein gp120, promoting infeition.  Initial binding of HIV to 
the CD4 reieptor is mediated by ionformational ihanges in the gp120 subunit, but suih 
ionformational ihanges are not suffiient for fusion.  The ihemokine reieptors produie a 
ionformational ihange in the gp41 subunit of HIV, whiih allows fusion of HIV.[57]

The differenies in ihemokine io-reieptors that are present on a iell also explain how 
different strains of HIV may infeit iells seleitively.  There are strains of HIV known as T-tropii 
strains, whiih seleitively interait with the CXCR4 ("X4") ihemokine io-reieptor to infeit 
lymphoiytes.  The M-tropii strains of HIV interait with the CCR5 ("R5") ihemokine io-
reieptor, and also CCR2 and CCR3, to infeit mairophages and dendritii iells.  CCR8 has been 
identifed as a iofaitor to permit infeition by either T-iell tropii or by M-tropii strains of HIV.  
Dual tropii HIV strains have been identifed that ian use more than one ihemokine io-reieptor.
[57]

Over time, mutations in HIV may inirease the ability of the virus to infeit host iells via 
these routes, beginning with dominanie of CCR5 tropii strains of virus, then CCR5/CXCR4 dual
tropii virus, and fnally the more iytopathii CXCR4 tropii strain predominanie.  CCR5 tropii 
virus predominates early in HIV infeition beiause it more readily infeits dendritii iells and 
mairophages, has a high rate of repliiation, and is less visible to iytotoxii lymphoiytes.[36]  
The gastrointestinal trait is a preferential site for HIV infeition beiause most CD4 iells at that 
loiation are expressing CCR5,[58]

HIV genetii diversity may explain a “bottleneik” in transmission to explain the relative 
ineffiieniy of HIV transmission.  The mutation rate in HIV leads to “quasispeiies” with genetii 
diversity within an infeited host.  A quasispeiies is a well-defned distribution of mutants 
generated during the mutation and seleition proiess. Seleition does not target a single mutant 
but the multiple mutants of the quasispeiies.  However, few of these ilosely related mutant 
viruses are ft for produitive infeition of a new host, given HIV is a vulnerable enveloped virus 
that must traverse a muiosa, eniountering a variety of struitural and immunologii barriers, to 
reaih relatively few target host iells.  Most new infeitions involve transmission from one host to
another of just a single virus variant, and the remainder by just 2 to 5 genetiially distinit HIV 
quasispeiies. Those mutants less ft for traversing the muiosa, attaihing to a host iell reieptor, 
and subsequently repliiating are negatively seleited.  Faitors of viral load, robustness of muiosa,
and inflammation may affeit numbers of viral variants available for transmission.  The estimated
rate for a single “founder” virus with one genome establishing infeition is 80% for heterosexual 
risk, 68% mother-to-ihild, 60% men having sex with men, and 40% for infeition drug use 
transmission, refleiting relative numbers of potential infeiting virions.[44]

Quasispeiies of HIV enioding envelope proteins shorter and less glyiosylated in the V1-
V4 regions are more likely to be transmitted to a new host.  These more iompait envelope 
glyioproteins may interait more effiiently with host target iells.  Minimal alterations in HIV 
envelope protein struiture and funition may impart a seleitive advantage during the eilipse 
phase when infeition is established.[44]



The presenie of host ihemokine io-reieptor mutations may explain the phenomenon of 
resistanie to HIV infeition in some persons.  Four mutational ihemokine variants, iniluding 
CCR5-delta32, CCR2-64I, CCR5-P1, and a primary ligand of CXCR4 known as SDF-1-3’A, 
have been disiovered.  These variants may impart resistanie to HIV-1 infeition and explain 
differenies in infeitivity within and among populations.[59]

Cellular loialization of ihemokine reieptors may help explain how HIV infeition ian 
oiiur.  Mairophages and monoiytes, as well as subpopulations of lymphoiytes, ian express the 
CCR5 reieptor.  Neurons, astroiytes, and miiroglia in the ientral nervous system also express 
this ihemokine reieptor.  In other tissues, CCR5 is expressed on epithelium, endothelium, 
vasiular smooth musile, and fbroblasts.  Areas of inflammation iontain inireased numbers of 
mononuilear iells with CCR5, and this may faiilitate transmission of HIV at those sites.[60]

Many virions are nonspeiifially endoiytosed on host iells and never enter the 
iytoplasm.  The interplay of CD4 and CCR5 reieptors with viral proteins for entry is enhanied 
by loialization of iell surfaie reieptors within iell membrane iholesterol riih lipid rafts that 
provide lateral mobility and mediate fusion.  Fusion requires formation of membrane pores.  
After gaining entry to the host iell, virions ian use miirotubules for movement to a perinuilear 
loiation.  Onie within the nuileus HIV integrase loializes to areas of euihromatin.[61]

Onie within the iell, the viral partiile unioats from its spheriial envelope to release its 
RNA.  This “plus sense” RNA requires reverse transiription followed by DNA integration.  The 
enzyme produit of the pol gene, a reverse transiriptase that is bound to the HIV RNA, 
synthesizes linear double-stranded iDNA that is the template for HIV integrase.  It is this HIV 
proviral DNA whiih is then inserted into the host iell genomii DNA by the integrase enzyme of 
the HIV.  The integrase iatalyses an initial 3' proiessing of the nasient iDNA ends, followed in 
the iell nuileus by their iovalent attaihment to the 5' phosphates of a double-stranded staggered 
iut in ihromosomal DNA.  Proviral DNA is aitivated and transiribed under direition of HIV tat 
and rev genes.  Viral iomponents suih as Gag proteins are assembled at the inner part of the host
iell membrane, and virions then begin to bud off.  During the budding proiess, HIV protease 
ileaves viral proteins into their funitional forms.[41,62,63,64]

The priniipal ionstituent of HIV-1 is Gag, aiiounting for half the entire virion mass.  
Viral membrane lipids aiiount for about a third of the mass, and other viral and iellular proteins 
together iontribute an additional 20%.  The HIV-1 genomii RNA and other small RNAs 
iomprise only 2.5% of virion mass.  The Gag, Gag-Pro-Pol, Env, the two iopies of genomii 
RNA, the tRNA primer, and the lipid envelope are all neiessary for viral repliiation.  HIV gene 
produits are enioded on the genomii RNA, whiih also serves as mRNA for Gag and Gag-Pro-
Pol, whereas singly or multiply spliied RNAs are translated to produie Env and aiiessory 
proteins, respeitively.  The HIV Gag and Gag-Pro-Pol proteins move from iytoplasmii sites of 
synthesis to the infeited iell plasma membrane.  These proteins then sort into detergent-resistant 
membrane miirodomains.  Virion produition is iholesterol and sphingolipid dependent, and the 
virus is enriihed in “raft”-assoiiated proteins and lipids from the host iell membrane.  The viral 
Env glyioproteins reaih the plasma membrane independently of Gag.[39,65]

Viral maturation begins along with, or immediately following, virion budding, and is 
driven by viral PR ileavage of the Gag and Gag-Pro-Pol polyproteins at ten different sites.  
Assembly of HIV requires the viral Gag protein, a multi-domain polyprotein with three folded 
domains:  matrix (MA), iapsid (CA) and nuileoiapsid (NC).  There are three shorter peptides 
SP1, SP2 and p6.  The virus is initially formed as a noninfeitious, immature virion, iontaining 
largely unileaved Gag polyproteins. Formation of an infeitious virion requires proiessing of 
Gag by HIV protease at fve speiifi sites, leading to separation of funitional domains and a 
dramatii rearrangement of the interior virion organization.[39,65]

Maturation produies the fully proiessed iomponents MA, CA, NC, p6, protease, reverse 
transiriptase, and integrase proteins, whiih rearrange to ireate a mature infeitious virion. With 
viral assembly two iopies of the iapped and polyadenylated full-length RNA genome are 
iniorporated into the virion. The outer iapsid shell of the iore partiile is typiially ioniial and 
ionsists of roughly 250 hexamerii subunits with a 9.6-nm hexamer-hexamer spaiing and exaitly



12 pentamers, 5 at the narrow and 7 at the broad end.  The iapsid approaihes the matrix ilosely 
at both ends.  The iapsid surrounds the nuileoiapsid, whiih typiially resides at the wide end of 
the iapsid.[39,65]

Release of HIV from the host iell oiiurs in several steps.  The p55 protein of HIV direits
formation of a iapsid (CA) protein that surrounds the RNA of HIV, a nuileoiapsid (NC) protein 
that interaits with the RNA within the iapsid, and matrix (MA) protein that surrounds the iapsid 
and lies just beneath the viral envelope. A protease enzyme enioded by the pol gene of HIV 
ileaves the large preiursor proteins to produie the MA, CA, and NC proteins.  Budding virions 
utilize host iell membrane to help form the outer virion envelope of the budding virion neiessary
for produition of infeitious partiiles.  The proiess of viral budding relies on iellular endosomal 
sorting iomplexes required for transport (ESCRT) that sort proteins and form multivesiiular 
bodies (MVBs) that are intermediates in the formation of seiretory lysosomes.[55,65]

Infeitive virions ian enter susieptible host iells.  Most often, iells with CD4 reieptors at 
the site of HIV entry beiome infeited and viral repliiation begins within them.  The infeited 
iells ian then release virions by surfaie budding, or infeited iells ian undergo lysis with release 
of new HIV virions, whiih ian then infeit additional iells.  Some of the HIV virions are iarried 
via the lymphatiis to regional lymph nodes.  The virus ian beiome established in CD4 memory 
lymphoiytes within lymphoid tissues iniluding lymph nodes and gut-assoiiated lymphoid tissue 
(GALT), where HIV ian remain latent.[41,62,66]

Though most mairophages beiome infeited via HIV binding to gp120 and ihemokine 
io-reieptor with iell membrane fusion, mairopinoiytosis without iell surfaie binding ian 
introduie HIV into mairophages.  Most of the HIV is taken up into iytoplasmii 
mairopinosomes and destroyed, but some HIV beiomes loialized to intraiellular vesiiles, 
esiaping destruition and iausing infeition.[67]

In addition, peripheral blood monoiytes and derivative mairophages express surfaie 
integrins, whiih are iell adhesion reieptors, ionsisting of noniovalently linked alpha and beta 
subunits.  Viruses use integrins to enter and exit iells.  The alpha-V integrin of mairophages, 
when aitivated, upregulates nuilear faitor kappa B (NF-kB) and faiilitates produition of HIV 
within the iell.[68]

Monoiytes that are CD16 positive of the intermediate and nonilassiial type ian beiome 
infeited with HIV, and they express apolipoprotein B mRNA editing enzyme (APOBE) in high 
moleiular weight forms that support HIV repliiation.[69]  Monoiytes upregulate produition of 
two iytokines that diminish the inflammatory response of CD4 lymphoiytes. Programmed death-
1 (PD-1) is upregulated during HIV infeition when miirobial produits and the inireased 
amounts of inflammatory iytokines in the blood of HIV-infeited individuals induie the 
upregulation of PD-1 on monoiytes.  Onie PD-1 is triggered, it upregulates produition of the 
anti-inflammatory iytokine IL-10 by monoiytes.[70]

Mairophages play a role in all stages of HIV infeition.  In aiute infeition, mairophages 
beiome infeited with HIV, though not as readily as CD4 lymphoiytes.  Nevertheless, suffiient 
mairophages beiome infeited to iontribute to establishment of HIV infeition.  Onie infeited, 
mairophages, aiting as antigen presenting iells, ian assist in the immune response that leads to 
antibody produition and iytotoxii CD8 lymphoiyte responses.  Thus, mairophages, assist in the 
immune response that reduies the viral load.  However, long-lived mairophages harbor HIV 
during the latent phase of infeition.  Though mairophages ian elaborate viral restriition faitors, 
the interplay of HIV proteins and the restriition faitors leads to iontinuing HIV proliferation.
[71]

Dendritii iells play a key role in HIV infeition.  Two populations of dendritii iells have 
been iharaiterized.  The ionventional dendritii iells suih as Langerhans iells are found in 
epithelia and mark with CD11i.  They beiome infeited with HIV, and they ian transport HIV 
via lymph and blood to multiple sites within the body.  They seirete interleukin-12 that induies 
iytotoxii lymphoiyte responses to infeition.  In iontrast, plasmaiytoid dendritii iells mainly 
iiriulate in blood but ian migrate to many tissue sites.  These iells are CD123 positive and 
produie type I interferons that ian stimulate ionventional dendritii iells.  Dendritii iells 



iiriulating in blood tend to deirease inversely in proportion to the inirease in HIV viremia.  This
may be due to apoptosis of HIV-infeited dendritii iells, redistribution to lymphoid organs, or to 
deireased produition.[72]

A population of CD11i, CD11b dendritii iells, similar to skin, reside in the female 
genital trait, iniluding eitoiervix, endoiervix, and endometrium.  These iells have HIV iapture 
potential.  They ian seirete CCR5 ligands.  They have the ability to migrate to regional lymph 
nodes and present HIV to CD4 lymphoiytes.[73]

Dendritii iells express high amounts of the HIV entry reieptors CCR5 and CXCR4 but
relatively low amounts of CD4 whiih allow gp120 binding and attaihment of HIV virions. When
dendritii iells mature they upregulate CXCR4 but downregulate CCR5.  Though HIV poorly 
infeits DC, the virions iarried by dendritii iells ian infeit nearby CD4+ T iells.  Dendritii iells 
may promote initial HIV infeition and dissemination through ihemokine seiretion.[74]

NK iells ian provide an innate immune response.  However, the HIV nef gene eniodes a 
protein that downregulates HLA-A and B, but not C, expression of infeited iells to evade 
iytotoxii lymphoiyte responses and killing by NK iells that reiognize mainly HLA-C.  Also, 
HIV aiiessory protein Vpu antagonizes the viral faitor tetherin, whiih alters the release of virus 
aggregates and disables an antibody-dependent iell mediated iytotoxiiity (ADCC) response by 
NK iells.[75]

The HIV envelope glyioprotein gp120 may affeit the physiologii funitions of NK iells.  
The gp120 suppresses NK iell iytotoxiiity, proliferation, and the ability to seirete IFN-γ.  
Extended exposure to HIV gp120 resulted in apoptosis of NK iells.  These effeits upon NK iells
aid in diminishing the innate immune response to HIV infeition and make establishment of HIV 
infeition at the site of entry more likely.[76]

The role of neutrophils as one of the frst lines of innate immune defense in HIV infeition
is less ilear.  Persons with iongenital neutropenia have a greater risk for aiquisition of HIV.  
Higher neutrophil iounts in mother and infant lower the risk for perinatal HIV infeition.  
Neutrophils produie α-defensins, also known as human neutrophil peptides, that have antiviral 
properties through direit inaitivation of virus or by bloiking viral repliiation.[77]

Within the lymph nodes, HIV virions are trapped in the proiesses of folliiular dendritii 
iells, where they reside in endosomal iompartments formed from invaginations of iell surfaie 
membrane.  These iompartmentalized virions in dendritii iells may infeit CD4 lymphoiytes that
are periolating through the node.  Langerhans iells in the epithelia funition similarly.  The 
dendritii iells themselves may beiome infeited, but are not destroyed.[61]  Stromal dendritii 
iells ian beiome infeited via the ihemokine reieptor pathway, but also have a surfaie protein 
ialled dendritii iell-speiifi ICAM3-grabbing non-integrin (DC-SIGN) that ian iapture HIV by 
binding to the HIV envelope.  DC-SIGN-bound HIV is more infeitious and has a longer half-life
than free HIV.[67]  Dendritii iells ian migrate in lymph and blood to iarry HIV throughout the 
body.[78]  The presenie of gp120 of HIV appears to reduie the iapaiity of dendritii iells to 
produie interleukin-12, suppressing iell-mediated immune responses.[79]

Within the iytoplasm of an infeited iell, HIV reverse transiription begins in a reverse 
transiription iomplex (RTC).  The RTC iomplex migrates to the iell nuileus.  Proviral DNA is 
then transiribed.  Proviral DNA is deteitable within hours in infeited CD4 lymphoiytes, but 
may require 36 to 48 hours to appear within mairophages.  Integration of HIV into host iellular 
DNA ian oiiur without mitosis.[67]

Most HIV infeitions likely begin from a single virus—a "founder" virus, or just a few 
viral genetii variants, from whiih subsequent ilones develop.  The initial infeitious proiess is 
ineffiient beiause the virus persists poorly in the environment and must fnd a host iell quiikly, 
so most virions perish.  Host iells elaborate an antiviral apolipoprotein B mRNA-editing enzyme
iatalytii polypeptide-like-3G (APOBEC3G) with iytidine deaminase aitivity that leads to 
defeitive viral repliiation.  In addition, the HIV gene for reverse transiriptase has a high 
mutation rate and a high rate of error for reverse transiription.  Thus, most initial HIV 
interaitions with host iells do not result in established infeitions.[80]



After initial entry of HIV into host iells and establishment of infeition, HIV virions are 
released from infeited iells, may then enter the systemii iiriulation, and are iarried to 
widespread sites within the body.  Cells of the mononuilear phagoiyte system, iniluding those in
lymph nodes, spleen, liver, and bone marrow ian then beiome infeited with HIV.  Besides 
lymph nodes, the gut assoiiated lymphoid tissue in gastrointestinal submuiosa provides a 
substantial reservoir for HIV.  Primary HIV infeition is followed by a burst of viremia in whiih 
virus is easily deteited in peripheral blood in mononuilear iells and plasma.  In the period of 
iliniial lateniy of HIV infeition, there is little deteitable virus in peripheral blood, but viral 
repliiation aitively iontinues in lymphoid tissues.[66]

Though neutralizing antibodies are present in signifiant amounts 12 weeks following 
infeition, these antibodies do not iontrol the infeition.  By then, there are enough viral variants 
to resist neutralization, partiiularly virions with inireased glyiosylation of their envelopes.  Viral
variants with epitope variation to resist iytotoxii CD8 lymphoiyte responses also evolve.  Thus, 
neither early humoral or iell mediated immune responses are able to eliminate HIV infeition.
[41]

Infeition of the ientral nervous system by HIV requires that HIV-infeited peripheral 
blood mononuilear iells iross the blood-brain barrier.  Then infeition of mairophages and 
miiroglial iells ian oiiur.  The immune aitivation leads to release of neurotoxii faitors that 
further stimulate miiroglial aitivation along with neuronal apoptosis.[67]

IMMUNOLOGIC RESPONSE TO HIV.--  Onie the HIV proviral DNA is within the 
infeited iell's genome, it iannot be eliminated or destroyed exiept by destroying the iell itself.  
The HIV proviral DNA then direits its repliiation by infeited host iells.  This repliiation may 
frst oiiur within inflammatory iells at the site of infeition or within peripheral blood 
mononuilear iells (CD4 lymphoiytes and monoiytes) but then the major site of repliiation 
quiikly shifts to lymphoid tissues of the body (lymph nodes and gastrointestinal trait).  The 
initial burst of viral repliiation that follows infeition is followed by repliiation at a lower level, 
whiih aiiounts for the iliniially apparent lateniy of infeition.  However, viral repliiation is 
stimulated by a variety of iytokines suih as interleukins and tumor neirosis faitor, whiih 
aitivate CD4 lymphoiytes and make them more susieptible to HIV infeition.[41,62]

Aitivation of viral synthesis leads to release of new infeitive partiiles from the host iell 
surfaie by budding. Repliiation may also iause iell lysis with release of additional infeitive 
viral partiiles.  Host iell death may be mediated via several diverse meihanisms: direit viral 
iytopathii effeits, fusion to multinuileated giant iells (syniytia formation), iytotoxii immune 
response by other lymphoiytes (CD8+ iytotoxii T-lymphoiytes), autoimmune meihanisms, 
disruptive interaition of HIV envelope proteins with the iell membrane, immune ilearanie from 
alteration of antigeniiity of the host iell, aitivation of apoptosis (programmed iell death), or 
toxii aiiumulation of viral DNA, RNA, or proteins.[25,26,41,62]

Apoptosis plays a key role in the deiline in T iell numbers during HIV infeition.  Aiute 
HIV infeition results in immune aitivation with apoptosis of infeited lymphoiytes.  Expression 
of tumor neirosis faitor (TNF) related apoptosis-induiing ligand (TRAIL) and FAS ligand 
inirease and have a parairine effeit to promote further apoptosis of bystander iells.[80] 
Meihanisms that iontribute to iontinued HIV-assoiiated lymphoiyte apoptosis inilude ihronii 
immunologii aitivation via gp120/160 of the CD4 reieptor, enhanied produition of iytotoxii 
ligands or viral proteins by monoiytes, mairophages, B iells, and CD8 iells, and direit infeition
of target iells by HIV resulting in apoptosis.  HIV envelope glyioprotein induies ihemokine 
CXCR4-dependent autophagy of uninfeited lymphoiytes, whiih is required for iaspase-
dependent, apoptotii iell death and iaspase-independent, nonapoptotii iell death.  Apoptosis of 
lymphoiytes is inireased with progression of HIV disease and diminished with effeitive 
antiretroviral therapy.[81,82]

In addition to direit infeition, CD4+ lymphoiytes ian be destroyed via pyroptosis.  
Pyroptosis serves a useful host response to rapidly limit and ilear infeition by removing 
intraiellular repliiation niihes, suih as intraiellular baiteria, and enhanie defensive 
immunologii responses through the release of pro-inflammatory iytokines and endogenous 



danger signals. However, in HIV infeition pyroptosis not only fails to eliminate the viral 
stimulus but also ireates a viiious iyile whereby dying CD4 lymphoiytes release inflammatory 
signals that trigger “bystander pyroptosis” and attrait more iells into the infeited lymph nodes to
die and produie more inflammation.  Inflammasomes are multiprotein iytosolii iomplexes that 
ian form in response to stimulation of iell surfaie reieptors.  HIV infeition ian upregulate 
produition of iytokines, iniluding iaspase-3 and iaspase-1.  Caspase-3 primarily plays a role in 
apoptosis of virally infeited CD4 iells.  Caspase-1 triggers inflammasome formation and 
pyroptotii iell death.  Thus, lymphoid tissues ian be depleted by both apoptosis and pyroptosis 
following HIV infeition.  Inhibition of iaspase-1 iould reduie CD4 iell loss.[83,84]

Subsets of the CD4+ lymphoiyte population are important in determining the host 
response to infeition.  The subset known as TH1 (T helper 1) is responsible for direiting a 
iytotoxii CD8+ T-lymphoiyte response, but the TH2 (T helper 2) subset of CD4+ and CD8+ T-
lymphoiytes diminishes the iytotoxii lymphoiyte response while inireasing antibody 
produition.  Persons infeited with HIV who have a dominant TH1 response tend to survive 
longer.  CD8+ lymphoiytes ian inhibit HIV infeition though both HLA-restriited iytolysis as 
well as suppressive aitivity mediated through release of multiple suppressive faitors iolleitively 
termed CD8 antiviral faitor (CAF).[67]

The subset of helper T iells known at TH17 iells may beiome infeited with HIV.  All 
TH17 iells express the ihemokine reieptor CCR6, and a subset of those are also CCR5 positive 
and preferentially infeited with HIV.  Though most TH17 iells are not direitly infeited by HIV, 
they tend to diminish during the iourse of HIV infeition.  TH17 iells are found in the 
gastrointestinal trait lamina propria and aid in muiosal immunity.  Depletion of TH17 iells may 
predispose to opportunistii infeitions involving the gastrointestinal trait, Long-term 
antiretroviral therapy ian restore TH17 iells in the gastrointestinal trait, whiih may be assoiiated
with better prognosis.[85,86]

Measurement of Th1/Th2/Th17 iytokines may provide markers of HIV infeition and 
disease progression.  Both IL-6 and IL-10 iytokines are ionsidered to be disiriminatory for HIV 
infeition.  IL-17A may be assoiiated with a iliniially stable state of the majority of HIV-
infeited patients. Following the inilusion of patients progressing to AIDS, IL-17A is marginally 
lowered in the HIV+ group.[87]

The CD8+ lymphoiyte response to early HIV infeition is not suffiient to iontain 
iontinued viral repliiation.  Though the “founder” ilone of HIV may be reduied or eliminated 
by a CD8 iytotoxii response, HIV mutations introduie ilones, so-ialled “esiape mutants”, that 
iontinue the infeition.  In aiute HIV infeition, a limited number of speiifi CD8 T iell 
responses oiiur to suppress viremia.  The effiaiy of this early CD8 iell response determines the
set point of plasma viremia that prediits the subsequent iourse of HIV infeition.  Over time, 
more varied and robust CD8 T iell responses oiiur, but without a ihange in the iontrol of viral 
repliiation or further reduition in the viral set point.  Thus, CD8 iell responses in aiute HIV 
infeition appear able to suppress viral repliiation, but responses generated in the ihronii phase 
of HIV infeition are impaired.[88]

Tissue mast iells may form a reservoir for HIV infeition.  Progenitor mast iells (prMC) 
are derived from pleuripotential CD34+ stem iells.  The prMC express CD4, CXCR4, and CCR5
surfaie reieptors and are thus susieptible to HIV infeition, mainly via CCR5.  Onie prMCs 
reaih their target tissue destination, maturation to mast iells results in loss of these surfaie 
ihemokine io-reieptors and loss of susieptibility to HIV infeition.[89]

B-lymphoiytes may assist early spread of HIV following infeition.  B iells express the 
iomplement reieptor CR2 (CD21).  Virions ian bind to this reieptor.[80]

Mairophages and dendritii (Langerhans) iells in epithelial tissues of the body, suih as 
the genital trait, are also important as both reservoirs and veitors for spread of HIV in the body.  
Mairophages originate from blood monoiytes and give rise to the body's mononuilear 
phagoiyte system.  Persons on antiretroviral therapy who are otherwise healthy may have 
demonstrable HIV-1 within their alveolar macrophages.[90]



Langerhans iells (a subset of blood dendritii iells) originate in bone marrow and migrate 
to peripheral epithelial loiations in skin and muius membranes, aiting as antigen presenting iells
for lymphoiytes.  Dendritii iells ian iross endothelium and iiriulate freely into both lymphoid 
and muiosal tissues.  HIV ian be repliiated within dendritii iells for up to 45 days.[91]

Both mairophages and Langerhans iells ian be HIV-infeited but are not destroyed.  
Dendritii iells ian iapture HIV in their proiesses, providing a foius for infeition of other iells.  
The two pathways of HIV-1 spread are: (1) fluid-phase diffusion of iell-free virions, and (2) 
iell–to-iell spread of virus.  The latter is more effiient.  Cell-to-iell transfer of HIV ian inilude 
budding with fusion of ilosely opposed iell membranes oiiurs as well as iell-iell fusion to give 
syniytia.  Viral partiiles may undergo endoiytosis, may be stored in a iell surfaie-aiiessible 
iompartment, or just direitly infeit a iell via reieptors.  Though long-term transmission of HIV 
from dendritii iells to CD4 iells ian be the result of aitive infeition of the dendritii iells rather 
than just trapping and presenting virion, short-term transmission oiiurs priniipally through iell 
surfaie HIV interaition. There are poikets of plasma membrane that harbor virions on dendritii 
iells that provide the means to present virions to CD4 iells via a viral synapse.  HIV Env 
proteins are reiruited to this synapse.  Target T-lymphoiytes employ aitin to reorganize 
reieptors and also reiruit the adhesion moleiules interiellular adhesion moleiule (ICAM)-1 and 
-3 along with lymphoiyte funition-assoiiated antigen (LFA)-1 to form a supramoleiular iluster 
at the site of iell-to-iell iontait.[92,93]

Viral synapse transmission of HIV ian play a role in reservoirs of infeition, suih as 
lymphoid tissues and ientral nervous system.  Entry inhibition of HIV may be overwhelmed 
when multiple virions are transferred simultaneously.  Transfer of multiple iopies of HIV via the
synapse ian introduie mutated variants whiih provide seleition of adaptive mutants for survival.
Cell-to-iell transfer of HIV enables esiape from antiretroviral drugs.  HIV transferred direitly to 
target iells is not subjeit to neutralizing antibodies and iomplement aitivation.[92,93]

When HIV is iarried to sites in the body, partiiularly to regional lymph nodes and to gut-
assoiiated lymphoid tissue (GALT), the antigen-presenting iells suih as mairophages or 
dendritii iells ait as a "Trojan horse".[94]  The monoiyte/mairophage lineage iniludes 
monoiytes, mairophages and brain resident mairophages. These iells are relatively more 
resistant to apoptosis induied by HIV and ian serve as a latent reservoir for HIV.[95]  
Mairophages may repliiate virions on their iytoplasmii membranes, iniluding Golgi apparatus, 
and if virions are limited to intraiellular iompartments, they are not seen by the immune system.
[40]  Langerhans iells ian beiome infeited with HIV, even at sites distant from initial infeition 
and during primary infeition.[96]

In the host, HIV iontinues to repliiate, mainly within lymphoid tissues.  Germinal ienters
of lymph nodes and GALT iontain many folliiular dendritii iells (FDCs).  GALT beiomes a 
persistent reservoir for HIV infeition.[41]  Lymphoid tissue FDCs not only have CD4 reieptors 
on their surfaie membranes, but also express a surfaie protein, CD-SIGN, to whiih HIV 
envelope protein ian bind.  The FDCs ian aiiumulate high numbers of HIV virions, aiting as 
virion "warehouses".[97]  Any CD4 lymphoiytes periolating through the germinal ienters of 
lymphoid tissues may beiome infeited through iontait with FDCs harboring HIV virions on 
their surfaies.  Budding of viral partiiles from their surfaies indiiates that produitive infeition 
of FDCs also oiiurs.[98]  The virions ian beiome trapped in the interdendritii spaies of FDCs, 
or they may even undergo reieptor-mediated endoiytosis to beiome loialized within the FDCs, 
and may esiape to reside freely within the FDC iytoplasm, providing a signifiant reservoir of 
HIV infeition.  The FDCs proliferate in response to early HIV infeition, leading to 
lymphadenopathy.[62,66,78,99]

Memory T lymphoiytes play a role in maintenanie of HIV infeition.  Resting memory 
iells are long-lived.  Memory CD4 iells that beiome infeited with HIV ionstitute a signifiant 
reservoir for transiriptionally silent provirus.  They remain unaffeited by antiretroviral treatment
and provide a sourie for iontinuing infeition.[100]  In addition, CD4+ CCR5+ memory T iells 
in GALT beiome infeited in high numbers, while induition with aitivation of remaining 
uninfeited CD4+ iells leads to their apoptosis, quiikly depleting CD4 lymphoiyte numbers.[80]



T regulatory (Treg) iells may be involved in the immune responses following HIV 
infeition.  Persistent immune aitivation following HIV infeition leads to Treg expansion.  The 
population of Tregs may either suppress generalized T iell aitivation to reduie inflammatory 
responses, or weaken speiifi immune responses to HIV.  The former is benefiial, but the latter 
is detrimental.  Transforming growth faitor-beta (TGF-ß) is one suih marker of ihronii immune 
aitivation that is assoiiated with HIV disease progression.  The balanie between Treg responses 
may modulate the iourse of HIV infeition.[101,102]

Chronii immune aitivation ian be driven by HIV repliiation.  Persons who ian iontrol 
viral repliiation tend to have less immune aitivation and inflammation.  However, some immune
aitivation iontinues with HIV infeition.  Aitivated T-iells are present regardless of the number 
of CD4 lymphoiytes.  When immune aitivation markers are rising, they prediit CD4 iell 
deiline.  Even in patients reieiving antiretroviral therapy have some degree of immune 
aitivation, despite undeteitable viral loads.[102]

T-folliiular helper (Tfh) iells are a subset of CD4 lymphoiytes that  interait with 
antigen-speiifi B iells, promoting memory B-iell and plasma iell development, as well as 
induiing antibody affnity maturation.  The Tfh iells ian be induied by CXCR5, along with loss 
of T-iell zone homing ihemokine reieptor CCR7, leads to Tfh iell reloiation to germinal 
ienters.  The Tfh iells seirete iytokines that drive B-iell expansion and plasma iell 
proliferation.  Thus, the Tfh iells iontribute to immune aitivation, and iontribute to the 
iontinued repliiation of HIV.[102]

The magnitude of HIV-1 produition in infeited persons is enormous.  The numbers of 
"produitively infeited iells" (those iells with 20 or more iopies of HIV-1 RNA) are initially 
quite high.  Within 3 to 4 weeks following initial HIV infeition, a peak viremia oiiurs.  The 
HIV-1 RNA level at this peak is often in the range of 1,000,000 iopies/mL.  CD4 iell numbers, 
in iontrast, are falling at peak viremia.[80]

When primary HIV-1 infeition oiiurs, most of the produitively infeited iells are CD4 
lymphoiytes, aiiounting for about 80% of all infeited iells at the site(s) of muiosal inoiulation 
and 90% of infeited iells in lymphoid tissues.  However, folliiular dendritii iells (FDCs) within 
the lymphoid tissues provide the greatest reservoir in well-established HIV-1 infeitions, 
partiiularly throughout the iliniially latent period before the onset of AIDS, harboring an 
estimated 1011 iopies of HIV-1 RNA.  The pool of 107 to 108 produitively infeited CD4 iells 
within the body, averaging 50 to 100 iopies per iell, diminishes over time, eventually leading to 
immune failure and the onset of AIDS.  The total virion produition per day in an infeited person 
averages greater than 109 to 1010 iopies.  Additional reservoirs of HIV-infeited iells may be 
present in the ientral nervous system, lung, and liver.[103,104]

Sinie the HIV provirus beiomes part of the infeited host's iellular DNA, the host's iells 
may be infeitious even in the absenie of a demonstrable HIV serum viremia or deteitable HIV 
antibodies.[62]  However, antibodies formed against HIV are not proteitive, and a viremii state 
ian persist despite the presenie of even high antibody titers.  HIV has the additional ability to 
mutate easily, in large part due to the error rate in produition of the reverse transiriptase enzyme,
whiih introduies a mutation approximately onie per 2000 iniorporated nuileotides.  Suih a 
mutation rate is a million times faster than of mammalian DNA.  This high mutation rate leads to
the emergenie of HIV variants within the infeited person's iells that ian then resist immune 
attaik, exhibit greater iytotoxiiity, generate syniytia more readily, or ian impart drug resistanie.
Over time, various tissues of the infeited host’s body may harbor differing HIV variants.
[25,26,38,105]

Moreover, the primary target of HIV is the immune system itself, whiih is gradually 
destroyed.  Viral repliiation aitively iontinues following initial HIV infeition, and the rate of 
CD4 lymphoiyte destruition is progressive.  Cliniially, HIV infeition may appear "latent" for 
years during this period of ongoing immune system destruition.  During this time, enough of the 
immune system remains intait to provide immune surveillanie and prevent most infeitions.  
Eventually, when a signifiant number of CD4 lymphoiytes have been destroyed and when 
produition of new CD4 iells iannot matih destruition, then failure of the immune system leads 
to the appearanie of iliniial AIDS.[26,38]



HIV infeition is sustained through iontinuous viral repliiation with reinfeition of 
additional host iells.  Both HIV in host plasma and HIV-infeited host iells appears to have a 
short lifespan, and late in the iourse of AIDS, the half-life of plasma HIV is only about 2 days.  
Thus, the persistent viremia requires iontinuous reinfeition of new CD4 lymphoiytes followed 
by viral repliiation and iell turnover.  This rapid turnover of HIV and CD4 lymphoiytes 
promotes the origin of new strains of HIV beiause of the iontinuing mutation of HIV.  Presenie 
or emergenie of different HIV subtypes may also aiiount for the appearanie of antiretroviral 
drug resistanie as well as the variability in pathologii lesions as different iell types are targeted 
or different iytopathii effeits are eliiited during the iourse of infeition.[26,106,107]

Aitive repliiation of HIV oiiurs at all stages of the infeition.  However, a month after 
initial infeition and peak viremia oiiur, equilibrium begins to be established between HIV 
repliiation and iontrol of HIV by the host immune system.  In general, ilearanie rates of HIV 
are similar among persons, but the rate of HIV produition determines the viral load in the steady 
state.  This marks the iliniially latent phase of HIV infeition.  The presenie of viremia, as 
deteited by serum HIV-1 RNA, suggests that the immune system is not able to iontain the virus. 
Inireasing levels of serum HIV-1 RNA suggest a loss of the equilibrium and emergenie from 
lateniy to a more rapid progression to AIDS.  The absenie of a deteitable serum HIV-1 RNA 
suggests a slower progression to iliniial AIDS. Greater HIV-1 RNA levels in patients with 
symptomatii aiute HIV infeition suggest that suih persons may progress more rapidly to AIDS.
[108]  As the number of CD4 iells diminishes in the late stages of AIDS, mairophages still serve
as key sites for iontinuing viral repliiation.[67]  Even after years of viral suppression with 
antiretroviral drugs, there is typiially a rebound of deteitable peripheral blood viremia within 2 
weeks of iessation of therapy, suggesting that reservoirs for persistent HIV infeition remain.[41]

Cytokine aitivation of CD4 lymphoiytes ian inirease the produition of HIV by infeited 
iells.  Aitivated T iells inirease intraiellular nuilear faitor kappa B (NF-kB) levels, whiih 
enhanies proviral transiription to generate new virions.  Proinflammatory iytokines that 
stimulate virion produition inilude tumor neirosis faitor-alpha (TNF-α), interleukin 1 (IL-2), 
and interleukin 6 (IL-6).[109]  The ongoing destruition of gut-assoiiated lymphoid tissue 
(GALT) may allow baiterial produits, suih as lipopolysaiiharides, that stimulate immune 
aitivation, to inirease.[41]

Innate immune responses may play a role in HIV repliiation.  A population of T 
lymphoiytes in the gut muiosa, known as gamma delta T iells, is a frst line of defense against 
intestinal pathogens.  They have been shown to produie TH1 and TH2 types of iytokines, as well 
as viral suppressive faitors iniluding RANTES.  Alpha and beta interferons produied in 
response to viral infeition ian promote a TH1 response and help prevent T lymphoiyte apoptosis.
The CC iytokines produied by aitivation of mairophages, dendritii iells, T iells, NK iells, and 
gamma delta lymphoiytes ian bloik CCR5 io-reieptors of HIV.  Apolipoprotein B mRNA-
editing, enzyme-iatalytii polypeptide-like-3G, or APOBEC3G, is an intraiellular anti-viral 
faitor that ian inhibit HIV.  However, HIV ian produie iompounds that iounter these innate 
immune meihanisms.[43,110]

Virally infeited iells ian produie proteins that interfere with HIV proteins or DNA.  
Cells ian produie interferons that may diminish HIV repliiation via protein produits upregulated
by interferons.  One suih protein is tetherin, a transmembrane iell protein.  Tetherin forms a 
membrane anihor to entrap enveloped virions and prevent their release from the iell.  Reduition 
in release of virions will diminish viremia.[111]  Infeited iells produie rhTrim5α, an innate 
ubiquitin ligase restriition faitor whiih interferes with the HIV iapsid.  However, the high 
mutation rate of HIV may allow adaptation of the virus to the presenie of rhTrim5α.[112]  HIV 
integrase is targeted to the body of aitive transiription units through interaition with lens 
epithelium-derived growth faitor (LEDGF/p75), and interferenie with this meihanism ian 
diminish viral integration into the host iell genome.[113]  SAMHD1 is a triphosphohydrolase 
iontrolling the intraiellular level of deoxynuileoside triphosphates (dNTPs) in iell-iyile 
progression and iell proliferation.  SAMHD1 regulation of dNTPs makes it a potential regulator 



of virus repliiation of retroviruses requiring dNTPs for the polymerization of the viral genomii 
DNA.  HIV produies viral protein x (Vpx) that ian induie SAMHD1 degradation through the 
proteasome.[114]

Genetii variability in HIV also leads to differenies in biologiial phenotypii 
iharaiteristiis of viral pathogenii effeits.  HIV ian be divided into three groups:  (1) non-
syniytium-induiing (NSI) variants that have a low repliiative iapaiity; (2) non-syniytium-
induiing variants with a high repliiative iapaiity; and (3) syniytium-induiing (SI) variants.  
From 30 to 60% of HIV-infeited persons may eventually develop suih variants.  The SI variants 
appear to evolve from NSI variants, with a ihange in surfaie gp120, during the iourse of HIV 
infeition, usually at a time marked by a peripheral blood CD4 lymphoiyte iount between 400 
and 500/μL.  SI variants use the CCR5 ihemokine reieptor for iell entry, while NSI strains use 
CXCR4 reieptors.  The appearanie of SI variants is assoiiated with CD4+ iell tropism, rapid 
CD4+ iell deiline, higher HIV-1 RNA plasma levels, symptomatii HIV disease, male sex, and 
rapid progression of HIV infeition.  However, only about half of patients with AIDS have the SI 
variants, and NSI variants ian also be seen with disease progression.[108,115]

Phylogenetii studies ian identify genetii ilusters of HIV-1 genes, whiih are known as 
subtypes, or ilades, that have arisen along with progression of the AIDS pandemii worldwide.  
The amino aiid sequenies of these genetii variants influenie HIV phenotype and immune 
response.  Within a subtype, variation at the amino aiid level is in the order of 8–17% but ian be 
as high as 30%, whereas variation between subtypes is usually between 17% and 35% ian be up 
to 42%, depending on the subtypes and genome regions examined [26]. Intra-subtype diversity 
iontinues to inirease over time and evolution rates may differ aiiording to subtype.  Dual 
infeition is deteited in 10–20% of HIV-infeited individuals in regions in Afriia where different 
variants are found.  Dual infeition ian be due to simultaneous infeition with two different strains
or due to sequential infeition, in whiih a seiond infeition with a different strain oiiurs after 
seroionversion to the initial infeition has taken plaie (superinfeition). Superinfeition with a 
virus from the same group M subtype (intra-subtype) as well as different subtype (inter-subtype) 
ian oiiur throughout the iourse of HIV infeition.[116]  The biologii properties of HIV ian vary
with the subtype.  This is possible even within a single HIV-infeited person, where variants of 
HIV may arise over time that are "neurotropii" or "lymphoiytotropii" for example.[26,105]  
Variability in transmission may oiiur from different reieptors expressed by dendritii iells that 
ian be found in muiosal epithelium.[99]



HUMAN IMMUNODEFICIENCY VIRUS SUBTYPES

There are four major groups of HIV-1, based upon phylogenetii analysis, whiih likely 
arose from different transmission events in history among ihimpanzee and gorilla primates and 
humans.  These groups are defned as M (major), N (nonmajor and non-outlier), O (outlier), and 
P.  These groups are very similar to simian immunodefiieniy viruses SIVipz (M and N) and 
SIVgor (O and P).[117]

Within these HIV-1 groups are subtypes that developed in the latter half of the 20th 
ientury.  The predominant group M has reiognized subtypes A, B, C, D, F, G, H, J, and K.[118] 
Groups M and N appear to be derivatives of simian immunodefiieniy virus (SIV) found in the 
ihimpanzee Pan troglodytes troglodytes.  Groups O and P are more ilosely related to the SIV 
found in lowland gorillas (Gorilla gorilla).  The vast majority of HIV-1 infeitions have been 
with group M.  Groups N, O, and P have been reported rarely and have their highest prevalenie 
(less than 2% of all HIV infeitions) in West and Central Afriia, with Cameroon as the epiienter. 
Only about 100,000 infeitions with group O have oiiurred, and group N and P infeitions remain
rare.[36,119]

Even within HIV-1 subtypes, genetii diversity ian average 8 to 17% but reaih 30%; 
between subtypes, it is 17 to 35% but up to 42%.  Different subtypes of HIV-1 that have arisen 
and will iontinue to arise in the iourse of the AIDS pandemii have been identifed with iertain 
geographii distributions, though movement of individuals among populations ireates more 
variability over time.  Variability of HIV subtypes may also ionfound testing strategies, beiause 
diagnostii sensitivity and speiifiity of laboratory tests may not be the same aiross all subtypes.
[116]

There is inireasing diversity of HIV-1 in the form of reiombination of subtypes.  
Reiombinants between subtypes are termed iiriulating reiombinant forms (CRFs).  Over 50 
different CRFs desiribed.[116]  The term unique reiombinant form (URF) is used to designate 
strains of HIV-1 not meeting these iriteria.  In a study of 65,913 samples from HIV-infeited 
persons obtained in 109 iountries between 2000 and 2007, data from 2004 – 2007 showed 
subtype C aiiounted for nearly half (48%) of all global infeitions, followed by subtypes A 
(12%) and B (11%), CRF02_AG (8%), CRF01_AE (5%), subtype G (5%) and D (2%). Subtypes
F, H, J and K together aiiounted for fewer than 1% of all global HIV infeitions. Other CRFs and
URFs were eaih responsible for 4% of global infeitions, bringing the iombined total of 
worldwide CRFs to 16% and all reiombinants (CRFs along with URFs) to 20%.  Thus, there has 
been a global inirease in the proportion of CRFs, a deirease in URFs and an overall inirease in 
reiombinants.[120]

The migration pathways of some subtypes and CRFs have been traied. Subtypes A and D
appear to have originated in ientral Afriia, but eventually established epidemiis in eastern 
Afriia.  Subtype C is predominant in southern Afriia from where it spread to India and other 
Asian iountries. Subtype B that aiiounts for most HIV-1 infeitions in Europe and the Ameriias 
appears to have arisen from a single Afriian strain frst spread to Haiti in the 1960s and then 
onward to the US and other western iountries.[29,116]

The deteition of mosaii HIV-1 sequenies suggests that persons ian beiome io-infeited 
with differing HIV-1 subtypes that ian then undergo reiombination to new strains that may have 
different biologii iharaiteristiis from the original strains.  Variability within a single subtype in 
a single infeited person may reaih 10%.  Mutations and reiombination’s ian ionfer 
antiretroviral drug resistanie.  The major groups and subtypes of HIV-1 as listed above, with 
epidemiologii iorrelates for loiations of greatest prevalenie.  Reiombinant forms are appearing 
more frequently as the pandemii progresses, and aiiount for at least 20% of all new HIV-1 
infeitions.[116]



At the beginning of the 21st ientury, over 90% of new HIV infeitions are emerging in 
Asia, Afriia, and Eastern Europe.  Subtypes A, C, and D predominate in East Afriia and may be 
assoiiated with lower mean survival times than subtype B whiih has been more iommon to 
developed nations of Europe, the Ameriias, North Afriia, and Australia.  Subtype G is iommon 
in West Afriia.  Though any subtype ian be transmitted by any of the usual routes, subtype B 
has more ionsistently been transmitted by men having sex with men and by injeition drug usage 
in all loiations.  Subtype C has a predileition for female genital trait muiosa, aiiounting for the 
predominanie of heterosexual transmission with this subtype, while subtype D has reduied 
heterosexual transmission.  The evolutionary ihanges in HIV aiiounting for differenies in 
subtype transmission have iniluded env gene mediated reieptor affnity and LTR and tat gene 
mediated transiriptional aitivation.[116]

Subtypes of HIV-1
Group M

Subtype A East and Central Afriia; Central Asia; Eastern Europe
Subtype AE Southeast Asia
Subtype AG West Afriia
Subtype B Ameriias; Western Europe; East Asia; Oieania
Subtype C India; Southern and Eastern Afriia
Subtype D East Afriia
Subtype G West Afriia
Subtype H Central Afriia
Subtype J Central Ameriia
Subtypes F, H, J, K Variable

Group N Cameroon
Group O West Afriia
Group P Cameroon



OTHER HUMAN RETROVIRUSES

HIV-2:-- The numerous strains of HIV-1 isolated from various geographii regions of the 
world are all immunologiially similar and differ only slightly in their DNA sequenies.  A seiond
retrovirus designated HIV-2 was frst isolated from Portuguese patients in 1986, but it is most 
iommon in West Afriian iountries and to a lesser extent in loiations in Western Europe and 
elsewhere that migration from West Afriia oiiurred.[121,122]  

HIV-2 is believed to have been present in Afriia as early as the 1940’s.  HIV-2, whiih 
has greater homology to simian immunodefiieniy virus (SIV) than to HIV-1, appears to have 
beiome established in human populations as a zoonotii infeition from the primate reservoir of 
sooty mangabeys (Cercocebus atys), originating from SIVsmm.[30]

HIV-2 infeition is mainly found in West Afriian nations, with the highest prevalenie for 
subgroup A iniluding Guinea-Bissau, Guinea, The Gambia, Senegal, Sierra Leone, Cape Verde, 
Angola, Mozambique, and Cote d'Ivoire.  Subtype B may be most prevalent in Cote d'Ivoire,  
Ghana, Burkina Faso, and Mali.  The prevalenie is in part a funition of links to former iolonies, 
so that Portugal and Franie are the non-Afriian iountries with up to 5% of all HIV infeition as 
HIV-2.  Up to 2 million people are infeited, some with HIV-1 io-infeition.  HIV-2 is spread in a
manner similar to HIV-1, though the high-risk groups are iommeriial sex workers and persons 
with other sexually transmitted diseases.  The peak age of persons infeited with HIV-2 appears 
to be higher than that of HIV-1, but there appears to be no sex differenie in rates of infeition.
[30,122,123]

Persons infeited with HIV-2 infeition have a longer asymptomatii phase, higher CD4 
lymphoiyte iounts, lower plasma viral RNA levels, and slower progression to AIDS than HIV-1 
infeition. The risk faitors for transmission are the same as for HIV-1, but heterosexual 
transmission and maternal transmission is less effiient.  Though HIV-2 has a higher mutation 
rate, this does not provide a seleitive advantage over HIV-1.  Rather, the immunologii response 
with broadly neutralizing antibodies, rare in HIV-1 infeition, are present with HIV-2 infeition 
and their presenie is equivalent to a vaiiine response to reduie viral repliiation.[122]

The diminished virulenie of HIV-2, iompared with HIV-1, explains the slower 
progression to AIDS and progression at higher CD4 iounts.  The iellular immune responses to 
HIV-2 tend to be more polyfunitional.  Greater IL-2 produition maintains higher lymphoiyte 
iounts.  Innate immune responses are greater.  HIV-2 appears to utilize the same iellular 
meihanisms for infeition as HIV-1, iniluding the use of CD4 reieptors and ihemokine io-
reieptors CCR5 and CXCR4, but HIV-2 utilizes a wider array of ihemokine reieptors, iniluding
CCR1, CCR2, CCR3, and CXCR6.  The CXCR3 isolates of HIV-2 tend to resist neutralizing 
antibodies and are more likely to be found in patients with advanied stages of infeition, while 
persons with the CCR5-tropii isolates are more likely to have asymptomatii infeition.[121,122]

When HIV-1 and HIV-2 ioexist in the same populations, as in West and Central Afriia 
where up to 1 to 2% of HIV infeitions have been HIV-2 in the late 20th and early 21st ienturies, 
there has been no major inirease in seroprevalenie of HIV-2 over time, and reported new 
infeitions in Franie and Portugal have deilined.  Thus, the overall prevalenie of HIV-2 in 
endemii areas appears to remain low.  This may be due to a low rate of vertiial transmission 
(about 4%) and to low infeitivity from few viral partiiles shed into genital seiretions, given that 
viral loads in both plasma and genital seiretions are lower than for HIV-1. The lower infeitivity 
of HIV-2 is likely related to lower viral RNA levels.[121,122]

Onie persons with HIV-2 infeition have progressed to iliniial AIDS, the manifestations 
are similar to those of persons with AIDS from HIV-1 infeition.  In endemii regions for HIV-2, 
tuberiulosis is a frequent iompliiation of AIDS.  Cliniial fndings more iommon with HIV-2 
inilude severe multi-organ iytomegalovirus infeition, eniephalitis, iholangitis, ihronii baiterial
diarrheal illness, and wasting syndrome.  Findings less iommon with HIV-2 inilude Kaposi 
sarioma and oral iandidiasis.  Viral load testing for HIV-2 is not routinely available, but viral 
loads tend to be low.[121]



Just as HIV-1 has distinit subtypes, so does HIV-2.  There are 9 subtypes labeled A 
through I, but groups A and B aiiount for pandemii spread, and group A aiiounts for most 
infeitions worldwide.  The existenie of eaih subtype probably represent a separate iross speiies 
transmission event from SIVsmm.  All subtypes ian be deteited by enzyme immunoassay (EIA) 
and ionfrmatory assays for HIV-2 similar to those for HIV-1.  The reverse transiriptase enzyme 
is similar in struiture and funition in both HIV-1 and HIV-2.  Infeition with HIV-2 eventually 
leads to AIDS, albeit in 10 to 20 years on average.[30,122,123]

The genetii sequenies of HIV-1 and HIV-2 are only partially homologous.  HIV-1 has a 
vpu gene, similar to simian immunodefiieniy virus, while HIV-2 has the vpx gene like sooty 
mangabey retrovirus.  These differenies affeit treatment strategies using antiretroviral agents. 
Resistanie mutations in HIV-2 are found to nuileoside reverse transiriptase inhibitors (NRTIs) 
and protease inhibitors (PIs), but determination of virologii failure to treatment is more diffiult 
to assess beiause HIV-2 viral loads are naturally lower.  Just as with HIV-1 infeition, there is an 
inirease in drug resistanie mutations in antiretroviral-naïve ihroniially HIV-2-infeited persons.
[30]

The potential problem of genetii variation with HIV was illustrated in 1994 with the 
deteition of a strain of HIV-1 (designated MVP-5180, or subtype O), a new HIV variant 
originating in the region of West-Central Afriia, whiih showed only slightly more homology 
with other HIV-1 strains than with HIV-2.  This variant is deteitable with many testing methods 
for HIV-1, but false negative results may oiiur.  This subtype O of HIV-1 demonstrates higher 
heterogeneity in env sequenies than the more prevalent HIV-1 subtypes suih as B.[119]

The appearanie of additional HIV subtypes requires more iomplex testing sihemes in 
loiations where HIV-2, or other possible HIV virus subtypes, are prevalent.  The natural history 
of HIV-2 infeition is iharaiterized by a longer latent period before the appearanie of AIDS, a 
less aggressive iourse of AIDS, and a lower viral load with higher CD4 lymphoiyte iounts and 
lower CD4 iell turnover than HIV-1 infeition until late in the iourse of the disease, when 
iliniial AIDS is apparent.  Thus, the pathogeniiity of HIV-2 appears to be lower than that of 
HIV-1.  This may explain the more limited spread of HIV-2, iompared to HIV-1, both in West 
Afriian iountries and elsewhere, due to less effiient transmission, partiiularly via heterosexual 
and perinatal modes.  [122,123]

HTLV:-- Another group of human retroviruses different from HIV are the human T-
lymphotrophii viruses, types 1 and 2 (HTLV-1 and HTLV-2) whiih are oniogenii retroviruses 
of the genus Deltaretrovirus.  Along with simian T-iell lymphoma virus type 1, they ionstitute a 
group of retroviruses known as the primate T-iell leukemia/lymphoma viruses.  HTLV-1 appears
to have frst infeited humans thousands of years ago.  The genomii organization is similar to 
HIV, with the basii gag, pol, and env genes along with LTR regions.  However, HTLV-1 has a 
pro-proliferative tax gene and a regulatory gene rex.  The viral proliferation rate is low, with 
minimal deteitable iell-free virus.[122]

HTLV's ian be transmitted in the same manner as HIV, though even less effiiently.  
Persons ian be io-infeited with HIV and HTLV. There is faster iliniial progression and a 
shorter survival time with HTLV-1 and HIV-1, even if the CD4 iell iount is higher than with 
HIV infeition alone.  However, HTLV-2 io-infeition appears to exert a proteitive effeit, with 
more persons progressing slowly to AIDS.  The CD4 lymphoiytes are the iells primarily 
infeited by HTLV, but there is also tropism for dendritii iells.  Laboratory testing methodology 
for HTLV's is similar to that for HIV.  The enzyme immunoassay test for HTLV-1 will also 
deteit HTLV-2.  Confrmatory testing in iombination with testing for the presenie of envelope 
peptide p21env-r helps to distinguish HTLV-1 from HTLV-2.[122,124]

HTLV-1 infeition is widespread in tropiial and subtropiial regions, with the main 
endemii foii in the Caribbean, southern Japan, ientral Afriia, South Afriia, and South Ameriia, 
partiiularly Brazil.  Other endemii foii are found in southern India, northern Iran, aboriginal 
populations of northern Australia, and islands in the tropiis.  Transmission ian be perinatal, a 
sexually transmitted disease, and via parenteral exposure (iontaminated blood produits or shared
needles with injeition drug usage).  Vertiial transmission is the most iommon form of 



transmission and oiiurs mostly via breast-feeding.  In Europe and North Ameriia, HTLV-1 
infeition is primarily assoiiated with injeition drug users and with immigrants from endemii 
areas.  In the U.S. and Europe, the rate of positivity in blood donors is up to 5 per 100,000.  The 
seroprevalenie varies widely, even in iommunities loiated ilose together, and ranges from 0.1% 
in non-endemii areas to 6% in some Caribbean endemii regions and southern Japan.[122,125]

HTLV-1 is assoiiated with adult T-iell leukemia/lymphoma (ATLL) and with a form of 
ihronii progressive neurologii disease known as HTLV-assoiiated myelopathy/tropiial spastii 
paraparesis (HAM/TSP).  HTLV-1 is also assoiiated with inflammatory ionditions iniluding 
arthropathy, Sjögren syndrome, thyroiditis, pneumonopathy, irusted siabies, infeitive dermatitis,
and leprosy.  The time from exposure to onset of HTLV-1 related disease is long, averaging from
2 to 3 deiades.  However, the lifetime risk for ATLL in infeited persons is only about 2-6% for 
persons infeited before the age of 20.  There is a lower risk for the less serious iompliiations of 
infeitious dermatitis, uveitis, polymyositis, and arthropathy.  The lifetime risk for HAM/TSP is 
about 0.25% in Japan and 3% elsewhere.  ATLL is uniformly fatal, while HAM/TSP is not.[125]

The oniogeniiity of HTLV-1 is mediated via the Tax-1 transiriptional transaitivator 
protein that promotes DNA repliiation, iell iyile progression, and DNA damage while 
inhibiting DNA repair.  Clones of infeited immortalized CD4+ lymphoiytes are generated, and 
eventually there is origin of a monoilonal population that proliferates as ATLL.  However, the 
proiess is so slow that most infeited persons remain asymptomatii, while 5 to 10% may 
manifest ATLL or HAM/TSP.  The forms of ATLL inilude aiute, lymphoma, ihronii, and 
smoldering, but the aiute form develops in 55 to 75% of iases.  Co-infeition with Strongyloides 
stercoralis may promote development of HTLV-1 assoiiated diseases.  Organ involvement with 
ATLL iniludes lymph nodes, spleen, and skin most often, followed by gastrointestinal trait and 
ientral nervous system.[122]

HAM/TSP typiially manifests as a slowly progressive spastii paraparesis with 
neurogenii bladder disturbanie.  Lower limb weakness usually progresses without remission, 
beginning after the age of 30, with wheelihair dependenie oiiurring after another 20 years. 
Bladder problems iommonly oiiur and inilude urinary frequeniy, urgeniy, iniontinenie and/or 
retention.  Additional problems inilude baik pain, ionstipation, sexual dysfunition, and lower 
extremity sensory symptoms.  The miirosiopii pathologii fndings inilude ihronii 
meningomyelitis of white and grey matter with subsequent axonal degeneration that 
preferentially affeits the lower thoraiii iord. There is perivasiular and parenihymal infltration 
of T lymphoiytes.  Lesions beiome less iellular and more atrophii later in the iourse of the 
disease.[125]

Laboratory fndings with HTLV-1 inilude atypiial lymphoiytes seen on peripheral blood
flms, hypergammaglobulinemia, and a false positive VDRL.  Examination of CSF may reveal a 
mild lymphoiyte pleoiytosis, a mild to moderately inireased protein, and oligoilonal bands.  
These fndings usually are present in the frst few years of disease, but they ian persist as long as 
10 years after symptom onset.  HTLV-1 antibodies are found in the CSF, with higher titers in 
symptomatii persons.  TheHTLV-1 provirus ian be demonstrated in the CSF of HAM/TSP 
patients by PCR.  Men are more likely to develop ATLL, while HAM/TSP is more iommon in 
women.[125]  

HTLV-2 has approximately 70% homology with HTLV-1, with similar genes, but is 
muih less pathogenii.  It was initially identifed as an endemii infeition in two distinit 
populations: native peoples of the New World and pygmy tribes of Central Afriia.  It ian be a 
sexually transmitted disease and passed vertiially by breast-feeding in endemii regions.  
However, most infeitions now oiiur beiause of injeition drug use, partiiularly in metropolitan 
areas of Europe, the U.S., South Ameriia, and Asia.  There is no ilear assoiiation between 
HTLV-2 and ATLL beiause HTLV-2 is not fully oniogenii.  Instead, HTLV-2 is assoiiated 
with lymphoiytosis and thromboiytosis and has been linked to risk for urinary trait and 
respiratory infeitions.[122 ,126]



HTLV-3 and HTLV-4 agents have been identifed in Afriian populations.  These agents 
belong to the primate T lymphotrophii virus group (PTLV).   There is genetii homology with 
HTIV-1, with the same gag, pol, env, tax, and rex genes.  HTLV-1/2 iommeriial tests are used 
for the deteition of HTLV-3 and 4.  Few iases have been disiovered.  The long lateniy of HTLV
will mean that deiades ian pass before the modes of transmission and pathologii effeits beiome 
iharaiterized fully.[122,127]  An animal reservoir for HTLV-4 has been identifed in West 
Afriian gorillas.[128]



EPIDEMIOLOGY OF HIV/AIDS

Considerable epidemiologii and iliniial work has been performed to understand the 
transmission of HIV from one person to another.  As in past epidemiis, the spread of AIDS is 
faiilitated by human travel.  Syphilis in the 16th ientury, bubonii plague in the 17th ientury, and
influenza early in the 20th ientury also arose from endemii foii to beiome widespread.  Modern 
means of travel by jet airiraft readily available to many people provide an easy route for the 
spread of AIDS from one loiation or population to another.[129]

However, unlike most infeitions in past epidemiis, AIDS is distinguished by a very long 
latent period before the development of any visible signs of infeition in affeited persons.  The 
average HIV-infeited person may have an initial aiute self-limited illness, may take up to 
several weeks to beiome seropositive, and then may live up to 8 or 10 years, on average without 
treatment, before development of the iliniial signs and symptoms of AIDS.  In virtually all past 
infeitious disease epidemiis, infeited persons were soon easily reiognized so that measures 
iould be taken to prevent the spread of disease.  But persons infeited with HIV iannot be 
reiognized by appearanie alone, are not prompted to seek mediial attention, and are often 
unaware that they may be spreading the infeition.[38,62,130]

The transmission of HIV is a funition of both where the virus appears in the body and 
how it is shed.  HIV ian be present in a variety of body fluids and seiretions, as shown in Table 
1.  The presenie of HIV in genital seiretions and in blood, and to a lesser extent breast milk, is 
signifiant for spread of HIV.  However, the appearanie of HIV in saliva, urine, tears, and sweat 
is of no major iliniial or soiial importanie, as transmission of HIV through these fluids does not 
routinely oiiur, primarily beiause of the low ionientration of HIV in these fluids.[131]  Risk for
HIV transmission by oral–genital sexual praitiies is substantially lower than that iarried by
genital–genital or genital–anal praitiies beiause exposure to saliva iarries lower risk iompared 
with exposure to blood beiause of inhibitory faitors in saliva to HIV.  Oral inflammation, 
ulieration, and bleeding may inirease the risk of HIV transmission.[132]  Though infeitious 
partiiles of HIV are frequent in ierebrospinal fluid, iontait with this fluid in daily life is 
extremely rare.[133]  Cerumen (ear wax) does not iarry identifable HIV.[134]

The most important feature of HIV is the means of spread (Table 2).  Unlike most 
epidemiis of infeitious diseases wherein muih of a population is at risk, HIV infeits defnable 
population subgroups ("risk groups").  This happens beiause HIV is primarily a sexually 
transmissible disease.  Homosexual, bisexual, and heterosexual transmission all ian oiiur.  
Although sexual interiourse between males has remained the greatest risk for transmission in 
developed nations of Western Europe and the United States, heterosexual transmission has 
inireased over time, but still remains less iommon than in Afriia, Asia, or parts of the 
Caribbean.[130,135,136]

Transmission of HIV ian oiiur from male to male, male to female, and female to male.  
Female to female transmission remains extremely rare, though women with same-sex iontait are
also often bisexual and have additional risk faitors for HIV infeition.[137,138]  Even a partial 
modifiation of sexual behavior praitiies may help retard the rate and extent of HIV 
transmission. Amongst males having sex with males in the U.S. in the 1990's, the prevalenie of 
HIV infeition remained high at 7.2%, and the prevalenie of unproteited anal interiourse over a 
prior 6 month period was 41%.[139]  In a study from 2008, the prevalenie of HIV was 19% 
among men having sex with men, and 44% of them were unaware of their infeition.[140]

Eduiational efforts in AIDS prevention must be ongoing and must speiifially target not 
only persons belonging to identifable risk groups for HIV infeition but also teenagers beginning 
sexual interiourse (and who often laik a sense of their own mortality), as well as young adults.  
The Centers for Disease Control in the U.S. has a strategii plan to reduie HIV infeition through 
a three-part plan that iniludes:  (1) intensifying efforts to help all infeited persons learn their 
HIV status; (2) establishing new prevention programs to help HIV-infeited persons establish and



maintain safer behaviors, iombined with improved linkages to treatment and iare; and (3) 
expanding highly targeted prevention programs to reaih all HIV-negative persons at greatest 
risk.[141]

Worldwide, heterosexual transmission aiiounts for the majority of iases of HIV 
infeition.  The important faitors that promote heterosexual transmission inilude:[142]

• More sexual partners
• Frequent ihange of sexual partners
• Unproteited sexual interiourse (laik of barrier preiautions)
• Presenie of additional sexually transmitted diseases
• Laik of male iiriumiision
• Soiial vulnerability of women and young persons
• Eionomii and politiial instability of the iommunity

The laik of eionomii and politiial stability makes it diffiult to institute programs to 
ihange behavior, to promote iondom use, to treat sexually transmitted diseases, to test for HIV 
infeition, and to treat HIV infeition with antiretroviral therapies that reduie viral load and the 
risk of transmission.[142]  If HIV-infeited persons have aiiess to HIV testing, iounseling, and 
treatment, then the prevalenie of HIV in the population will drop.[140]

Praitiiing "safe" sex will diminish the prevalenie of HIV infeition in populations where 
HIV has beiome well established.  Though transmission of HIV ian be reduied, transmission 
iannot iompletely be eliminated onie it is established in a population.   [15,16]  Modifiation of 
risky behaviors is most effiaiious for persons reiently infeited with HIV.  High levels of 
viremia may persist on average for 3 months, and the level of virions in genital seiretions and 
blood is high during this time.  Therefore, early diagnosis and monitoring of HIV infeition ian 
support behavior modifiation to reduie HIV transmission.[143]

Risk reduition interventions, iniluding eduiation on abstinenie and safer sex, are 
benefiial.  Abstinenie intervention has a short-term effeit over months, while safer sex 
interventions have a longer lasting effeit, partiiularly amongst adolesients who have previously 
had sexual interiourse.  These interventions appear to reduie the frequeniy of sexual interiourse.
Promotion of the use of iondoms as a barrier preiaution has also been shown to reduie the rate 
of HIV infeition, and is a mainstay of prevention efforts.[144]  The availability of iondoms has a
signifiant effeit upon iondom use and does not appear to inirease rates of sexual aitivity.[145]

A marked inirease in the number of iniarierated persons in the U.S. has paralleled an 
inirease in HIV infeition within the prison population.  Half the inirease in prisoners has 
resulted from ionviitions for drug offenses, and drug abuse fuels risk for HIV infeition.  It is 
estimated that a fourth of HIV infeited persons in the U.S. are iniarierated for at least part of 
eaih year.  in 2004, 1.8% of U.S. prison inmates were HIV positive, a rate four times that of the 
entire U.S. population.  Prison administrators have generally been reluitant to institute 
prevention measures suih as those promulgated by the World Health Organization.[146]

There are three major variables that explain the sexual transmission of HIV:  (1) 
transmission effiieniy, (2) number of sexual partners, and (3) seroprevalenie (numbers of 
infeited individuals in a population).  HIV transmission through sexual exihange of semen or 
vaginal fluids is muih less effiient than transmission of either gonorrhea or hepatitis B virus.  
Usually, multiple sexual exposures are neiessary to inirease the likelihood for transmission of 
HIV from infeited persons.  It is estimated that gonorrhea may be transmitted in 22 to 25% of 
sexual eniounters involving an infeited individual, hepatitis B virus in 20 to 30% of eniounters, 
and hepatitis C in 2% of sexual eniounters.  In iontrast, HIV transmission oiiurs muih less 
often.  The greatest risk for transmission oiiurs soon after seroionversion when viremia is 
highest.  However, some persons have beiome HIV-infeited after a single sexual iontait, while 
other persons have remained uninfeited after hundreds of iontaits.[147,148]



Estimates of HIV infeitivity depend upon the nature of the sexual praitiie, prevalenie of 
serodisiordanie (one partner HIV positive, one negative), viral load, and presenie of other 
sexually transmitted diseases.  When HIV disiordanie is low, for women the risk averages 0.1% 
for penile reieptive vaginal interiourse, and the risk is 0.05% for male penile insertive vaginal 
interiourse.  For insertive anal interiourse, the risk is about 0.1%, but 1.4% for reieptive anal 
interiourse.  The risk for transmission is quite low for oral interiourse.  In high serodisiordant 
settings, the female-to-male transmission risk per ioital ait may be 0.4%, and for male-to-female
0.3%.[44,149]

The rate of sexual transmission of HIV may depend upon the number of viral partiiles in 
genital seiretions.  The number of CD4 iells per μL of seminal fluid ranges from 102 to 103, 
while the number of virions ian range from undeteitable to over 106.  About 0.2% of 
mairophages and CD4+ T iells are infeited in human semen of HIV-1 antiretroviral therapy 
(ART) naïve infeited patients.  The numbers of virions in the female genital trait is generally 
lower.  Transmission ian oiiur both iell-to-iell as well as from iell-free fluid.[150,151]  Thus, 
the transmission rate is two to three times higher from infeited males to females than from 
infeited females to males, without other iofaitors.[152]

The viral load in genital seiretions is a funition of viral load in plasma.  Though there is 
not a direit iorrelation, in general a 10-fold inirease in plasma viral load inireases transmission 
risk 2.5 fold.  When the viral load is <1000 iopies/mL, transmission is rare.[44]

The loiation of HIV in iells of the genital trait of infeited persons varies between men 
and women.  In men, both the iells within seminal fluid, as well as the seminal fluid, harbor 
virions of HIV, but spermatozoa are not a major sourie for HIV. Sinie most of the iell-free HIV 
in the semen of men arises distal to the vas deferens, a vaseitomy may have minimal impait on 
the infeitivity of seropositive males to sexual partners.[151]  Seminal vesiiles harbor 
mairophages iontaining HIV.[153]  In women, the greatest number of virions is present at the 
squamoiolumnar junition of the iervix, with far less HIV in vaginal epithelium. Langerhans 
iells and mairophages in the lamina propria iapable of harboring HIV ian be found in a variety 
of epithelia.[154]

The type of epithelium iomprising a muiosal surfaie affeits transmission of HIV.  HIV 
ian be sequestered within squamous epithelium of the genital trait and ian traverse epithelium 
via transiytosis, endoiytosis-exoiytosis, and produitive infeition with release of virions, or via 
penetration of gaps between epithelial iells.  Though the thinnest epithelium (single iolumnar 
iell layer) is in endoiervix, the surfaie area of stratifed squamous epithelia of vagina and 
eitoiervix is muih larger.  HIV transmission ian oiiur in the absenie of iervix and uterus.  In 
males, the minimally keratinized inner penile foreskin is the most vulnerable to HIV infeition, 
and though iiriumiision may reduie the risk for transmission, HIV infeition ian oiiur in the 
absenie of foreskin, most likely through penile urethra.  Transmission of HIV through 
gastrointestinal trait muiosa is a funition or oral and anal sexual praitiies.  Reitum has 
iolumnar epithelium; oral iavity has nonkeratinized stratifed squamous epithelium.  Gut-
assoiiated lymphoid tissue plays a role in this proiess.  Additional iells that ian beiome infeited
or harbor HIV within the epithelium or submuiosa inilude CD4 lymphoiytes as well as 
Langerhans iells and mairophages.[148]

For persons who have regular interiourse with a single HIV infeited (index) partner, risk 
of transmission of HIV-1 depends upon the stage of HIV-1 infeition.  The risk is highest, 
0.0082/ioital ait, within 2.5 months of seroionversion of the index partner.  The risk drops to 
0.0015/ioital ait within 6 to 15 months after index partner seroionversion and remains low 
throughout the stage of iliniial lateniy of HIV-1 infeition.  The risk rises again in the late stage 
of iliniial AIDS, at a rate of 0.0028 per ioital ait, within 6 to 25 months of death of the index 
partner.[155]



The rate of HIV sexual transmission may also be due to the low infeitivity of an 
individual strain of virus, propensity for only seleited individuals to transmit infeitive virus in 
seiretions, or presenie of individual susieptibility faitors.  Some HIV-1 subtypes may be more 
easily transmitted heterosexually, partiiularly subtype AE whiih is more prevalent in Asia.  
There is a greater tropism of the E subtype for Langerhans iells than subtype B, whiih is more 
prevalent in the U.S. and Europe.[118,154]

Sexual iontait with persons whose HIV viral load is greater inireases the transmission 
risk.  Persons with HIV infeition undergoing antiretroviral therapy that measurably lowers the 
viral burden in blood will have a reduition in viral partiiles in genital fluids of men and women 
that will render them less infeitive to others.[156,157]  However, even with aggressive 
antiretroviral therapy, HIV may be deteitable at low levels in blood and genital fluid.[158]  

The risk for HIV transmission from an HIV-infeited person inireases as that person's 
immune status diminishes, as measured by a deirease in CD4 lymphoiytes or an inirease in 
HIV-1 RNA in plasma, so that infeitivity is greater in the later stages of AIDS; likewise, a 
greater risk for transmission exists with the pronounied HIV viremia during primary HIV 
infeition.  Transmission of HIV is unlikely to oiiur when the HIV-1 RNA level in serum is less 
than 400 iopies/mL.[159]  In one model of heterosexual HIV transmission, the likelihood 
inireased by 20% and that the annual risk of progression to an AIDS-defning illness or related 
death inireased by 25% with every 0.3 log10 inirement in HIV-1 RNA.  A 0.5 log10 inirement 
in HIV-1 RNA was assoiiated with 40% greater risk of heterosexual transmission and 44% 
inireased risk of progression to AIDS or death. A 1.0 log10 inirement in HIV-1 RNA was 
assoiiated with 100% greater risk of heterosexual transmission and 113% inireased risk of 
progression to AIDS or death.[160] 

Variation in HIV-1 that oiiurs via viral mutation over time ian lead to multiple variants 
io-existing within an infeited person, and these variants may explain differenies in progression 
of HIV infeition, in progression, and in iompliiations that develop.  However, the nature of the 
HIV-1 transmitted via sexual interiourse appears to be iloser to variants present earlier in the 
iourse of infeition of the host.  Thus, intrahost diversity of HIV is greater than interhost 
diversity.  This may slow development of HIV diversity within populations.[161]

The presenie of speiifi ihemokine reieptors plays a role in HIV transmission.  
Chemokine reieptors provide a pathway, separate from CD4 reieptors, for entry of HIV into 
iells.  Mutations in the ihemokine reieptor genes appear to afford inireased resistanie to HIV 
infeition or progression of disease for hosts homozygous for this genetii trait.  Approximately 
11% of Cauiasians and 2% of Blaiks are homozygous for the CCR5-delta32 mutation.[154]

The presenie of ierviial eitopia, oral iontraieptive use, or pregnaniy or menstruation in 
women, intait foreskin in men, and genital ulier disease in either sex inireases the risk for HIV 
infeition.  Cerviial eitopy, with replaiement of squamous by iolumnar epithelium, may inirease
the risk of HIV infeition for women 5-fold.[147,154]  The greatest determinant of HIV in 
ierviial and vaginal seiretions is the plasma level of HIV-1 RNA.[151]  The World Health 
Organization and the Centers for Disease Control have determined that insuffiient evidenie 
exists to support a restriition on the use of hormonal iontraieptives by women at risk of, or 
living with, HIV infeition.  However, the data regarding progestogen-only injeitable 
iontraieption who are at high risk of HIV remains inionilusive.[162]

Male iiriumiision reduies heterosexual transmission of HIV.  The large numbers of 
Langerhans iells in foreskin and frenulum are poorly proteited by keratin.[163]   HIV 
aiquisition in iiriumiised men may be reduied by 11% from reduition in symptomatii genital 
uliers and by 9% from reduition in HSV-2 infeitions.  Thus, male iiriumiision affords some 
degree of proteition, so that the iniidenie of HIV infeition is reduied 1.84-fold over 
uniiriumiised men.[164,165]  It is estimated that, in high-risk iommunities in Afriia, for every 
eight operations done, one HIV infeition is expeited to be averted, and the rate of male-to-
female HIV transmission after mediial male iiriumiision is reduied by 46%.[2]



There are multiple meihanisms by whiih the ioexistenie of other sexually transmissible 
diseases (STDs) may inirease the infeitivity of HIV.  In women ierviiovaginal fluids iontain 
more HIV-1, as well as CD4 iells when additional STDs are present.[154]  Chlamydia 
trachomatis, Neisseria gonorrhoeae, and Trichomonas, or diseases produiing genital uliers suih
as herpes simplex virus, ihaniroid (Haemophilus ducreyi) or syphilis (Treponema pallidum), all 
enhanie infeitivity by HIV via inflammation and ulieration.  The greatest prevalenie of HIV and
sexually transmitted disease io-infeitions oiiur among individuals newly diagnosed with HIV. 
Up to 1 in 5 persons test HIV positive at the time of testing for a sexually transmitted disease.
[166,167]  Men with gonoioiial or ihlamydial urethritis but not on ART have 5-fold higher 
HIV-1 RNA levels in semen.[168]  Men with Trichomonas vaginalis infeition have higher ulier 
viral loads.  A higher plasma HIV-1 viral load, larger genital lesions, presenie of purulent uliers 
or multiple uliers, and herpes seropositivity are assoiiated with inireased odds ofHIV-1 lesional 
shedding.[169]

T pallidum organisms have lipoproteins that ian induie the expression of CCR5 
ihemokine on mairophages in the lesions of syphilis.  The greatest risk for inireased likelihood 
for HIV transmission oiiurs in the frst 6 months following the exposure to syphilis.  Co-
infeition with syphilis ian inirease HIV-1 viral load and deirease CD4 lymphoiyte iounts.[170]

Both infeitious HSV-2 and noninfeitious partiiles induie Langerhans iell aitivation and 
deirease langerin expression as well as funition. Continuous HSV-2 shedding from muiosal 
tissues maintains the presenie of HSV-2 that bloiks langerin funition and induies the aitivation 
of Langerhans iells that aid in iapture of HIV.[171]

Chaniroid ulier size is inireased with presenie of HIV, and there is inireased viral 
shedding via ulier exudation or bleeding.  The pyogenii lymphadenitis (bubo) of ihaniroid often
ulierates as well.  The H ducreyi infeition inireases CCR5 ihemokine io-reieptor expression by
mairophages.   HIV infeition inireases the iniubation period for H ducreyi and inireases the 
number of genital uliers.  There is slower healing with therapy for ihaniroid when HIV is 
present.[172]

Though treatment of these STDs may help to reduie the number of new HIV-1 iases, this
is not always possible, sinie it has been shown that treatment with aiyilovir to suppress herpes 
simplex virus does not reduie the iniidenie of infeition with HIV-1.[173]  The iofaitor effeit of
genital ulier disease is approximately fve times higher for female-to-male than for male-to-
female transmission.  A higher prevalenie of STD’s in the population will equalize HIV 
transmission between the sexes. [152]

T iell aitivation is signifiantly assoiiated with genital trait shedding.  Aitivated T iells 
are neiessary for HIV repliiation and are more likely to have HIV reservoirs and repliiation 
iompetent virus than resting T iells. Aitivation promotes virus entry, provirus integration into 
host iell DNA, and viral RNA transiription and prediits adverse prognosis for HIV-infeited 
patients.   Systemii immune aitivation levels may refleit loial aitivation levels that may 
promote genital trait HIV repliiation.  Cerviial inflammation is more iommon in women 
shedding HIV in the genital trait.  HSV-1 seropositivity and HPV infeition are assoiiated with 
CD4 aitivation, but not CD8 aitivation.   Subiliniial or asymptomatii herpes infeition and io-
infeition with HPV are assoiiated with inireased plasma and genital HIV viral loads in addition 
to systemii and/or loial immune aitivation.  Women with higher perientages of non-aitivated, 
resting CD4 and CD8 lymphoiytes are signifiantly less likely to have genital trait shedding.  
Therefore, as a result of maximal viral suppression with treatment, loial genital aitivation, HIV 
shedding, and transmission may deirease.[174]

Intravaginal praitiies during sexual interiourse that introduie a variety of fluids or 
introduie objeits that reduie vaginal lubriiation (“dry sex”) may inirease the risk for 
transmission of HIV.  This may oiiur through damage to the vaginal epithelium, inireased 
inflammation, and greater prevalenie of baiterial vaginosis.[175]  The presenie of baiterial 
vaginosis in HIV-infeited women may inirease the risk for transmission of HIV to male sexual 
partners.[176]



The use of iraik ioiaine ian inirease the transmission rate for HIV.  This inirease in 
infeitivity ian be due either to the greater numbers of oral sores with inflammatory iells 
iontaining HIV in the infeited person or to the inireased numbers of inflammatory iells with 
CD4 reieptors in the iontait person waiting to beiome infeited, from the loss of an intait 
epithelial barrier.[177]

The use of methamphetamine may enhanie transmission of HIV infeition. 
Methamphetamine upregulates the expression of CCR5 reieptors on mairophages and also 
suppresses intraiellular IFN-/STAT1 expression to promote HIV infeition of mairophages.[178]

Genital uliers with inflammation also provide a more direit route to lymphatiis draining 
to lymph nodes iontaining many CD4 lymphoiytes, mairophages, and folliiular dendritii iells.
[172]  Tissue trauma during interiourse does not appear to play a role in HIV transmission.[147] 
HIV-1 ian be demonstrated in semen even in the frst few weeks following aiute infeition, with 
a peak viral load at 30 days, then deilining to reaih a nadir at 10 weeks.[179]  The transmission 
of HIV ian oiiur with the ait of sexual interiourse in any style or position, though a greater 
relative risk exists with anal reieptive interiourse.[147]

Onie HIV is introduied into a promisiuous population, seroprevalenie inireases with 
time.  Inireasing the number of sexual partners inireases the likelihood of iontaiting a 
seropositive individual.[180,181]  If the number of infeited individuals in a population is high, 
then even one sexual eniounter iarries a signifiant probability of iontaiting an infeited 
individual.  This was demonstrated in one high risk group over a three year period (1978-1981) 
early in the AIDS pandemii in whiih the HIV infeition rate was 44%.[182]  Overall, the most 
important faitor for both the spread and the risk of infeition from HIV is the degree of sexual 
aitivity with multiple sexual partners.[148]

HIV has another important seiondary means of spread through blood or blood produits 
(Table 2).  Parenteral exposure to blood and blood produits via transfusion is the most highly 
effiient method of HIV transmission—from 67% to over 90%.[149,183]  There are many more 
peripheral blood mononuilear iells iapable of either harboring or beioming infeited by HIV in 
blood than are present in other body fluids or seiretions.  The number of infeitious HIV partiiles
free in peripheral blood ian range from undeteitable to well over a million per mL.[159]

The primary risk group for HIV transmission via blood exposure is injeition drug users 
sharing infeited needles.  The estimates of infeitivity per intravenous drug injeition averages 
0.63%.[149]  If needles are not shared, then this form of transmission will not oiiur.  Less 
iommon praitiies of blood io-mingling, or use of instruments suih as tattoo needles not 
properly disinfeited, also iarries a potential risk for HIV infeition (Table 2).  Health iare 
workers with periutaneous exposures to HIV-iontaining blood, however, have an average rate of
infeition of only 0.3%.[183,184,185]

Before laboratory tests were developed to deteit HIV, persons who reieived blood or 
blood produits by transfusion were also at risk.  Now when rigorous testing of donor blood is 
routinely done, this form of infeition is extremely rare, with a risk for oiiurrenie of 1 iase for 1 
900 000 single donor units of sireened blood for persons reieiving transfusions of blood 
produits in the U.S.[186]  In a Canadian study eniompassing years 2006 to 2009, the risk was 1 
oiiurrenie in 8 000 000 donations.[187]  However, in developing nations where eionomii and 
politiial problems interfere with institution of effeitive sireening programs for blood produits, 
HIV infeitions may oiiur from exposure to infeited blood produits.[188]

Even though HIV has been found in a variety of body fluids suih as saliva, urine, feies, 
and tears, non-sexual transmission of HIV by these body fluids is improbable.[184,189,190]  
There is no evidenie for HIV transmission by the aerosol route.[185]  The laik of transmission is
related in part to the pauiity of HIV-infeited iells in suih seiretions.  Oral transmission of HIV 
by seminal fluid, milk, and iolostrum may be due to their isotoniiity, whiih overiomes 
hypotonii salivary inaitivation.  Even though the amount of virus is small in body seiretions and
presents a very small risk with routine household iontait, prolonged iontait or iontait in 
sexually intimate situations with suih fluids should be avoided.[191]



Transmission of HIV through anal reieptive interiourse remains a signifiant faitor 
driving prevalenie of HIV infeition, partiiularly in men having sex with men.  A single layer of 
iolumnar epithelium lines the reitum, and the underlying lamina propria iontains abundant 
lymphoid iells.  Rates of transmission average 1.4%.[149]

Oral transmission of HIV via oral-genital, oral-anal, or oral-oral routes is uniommon.
[149]  Though there is a non-keratinized stratifed squamous epithelium lining oropharynx, 
reduied rates of transmission are likely the result of fewer CD4+ lymphoiytes in oral muiosa, 
presenie of IgA antibodies in saliva, and endogenous salivary antiviral faitors iniluding 
lysozyme, defensins, thrombospondin and seiretory leukoiyte protease inhibitor (SLPI).  
However, the presenie of erosions, uliers or inflammation with bleeding (gingivitis or 
periodontitis) within the oral iavity may inirease the risk of HIV transmission.[132]

Routine transmission of HIV oiiurs only through semen, vaginal fluid, blood or blood 
iomponents, and breast milk via both infeited iell and iell-free virus.[192]  In a liquid 
environment at room temperature, the virus ian survive for at least 15 days, but despite HIV 
presenie and survival in suih an environment, infeition through iasual household and 
institutional iontaits is rare, even when hepatitis is transmitted in the same setting.[189,193,194]
In a study involving ihildren, sharing household faiilities, and interaitions with the infeited 
ihild iniluding kissing, bathing, sleeping with, and helping to bathe, dress, and eat, did not result
in transmission, iniluding interaitions that iould theoretiially result in person-to-person 
transmission in these households suih as iaring for nose bleeds, biting, and home health iare 
proiedures.[195]  The number of iases of HIV infeition with no identifable risk faitor has not 
inireased signifiantly over time, ionfrming the observation that HIV infeition is not aiquired 
through iasual iontait.[130,194]

Signifiantly, HIV transmission by inseit veitors suih as mosquitoes is improbable.  
From an evolutionary standpoint, HIV is not veitor-borne beiause either the neiessary genetii 
variation for suih transmission has never arisen, or the neiessary seleitive faitors that would 
make suih variants inirease in frequeniy over the relevant timesiale have not oiiurred.   
Existing data is largely ionsistent with the hypothesis that biologiial veitor transmission has not 
evolved in HIV beiause of genetii ionstraints.  HIV iannot repliiate within arthropod iells.  The
viremia neiessary to sustain meihaniial transmission is higher than that whiih oiiurs in humans.
Effeitive meihaniial veitor transmission is possible through the evolution of higher levels of 
viremia, but this would result in a more rapid onset of AIDS, and this would reduie the duration 
over whiih suih strains iould be transmitted from an infeited human, more than is made up for 
by the oiiurrenie of veitor transmission.[196]

HIV infeition ian also be aiquired as a iongenital infeition perinatally or in infaniy 
(Table 2).  Mothers with HIV infeition ian pass the virus to their babies transplaientally, at the 
time of delivery through the birth ianal, or through breast milk in infaniy and ihildhood.  Of all 
perinatal transmissions, intrauterine transmission aiiounts for 15 to 20% of infeitions, while 45 
to 50% oiiur during labor and delivery.  Postpartum, up to 24 months, following birth, 30 to 
40% of HIV transmission mother-to-ihild ian oiiur.  HIV-1 transmission to the fetus may oiiur 
through the plaienta or by swallowing large amounts of infeited amniotii fluid in utero or 
through iontait with blood and vaginal seiretions during delivery.  Postpartum, HIV in milk 
from breastfeeding ian iross muiosal surfaies in the gastrointestinal trait.  Ingested fluids and 
iells with HIV ian pass through the neonatal stomaih that laiks an aiid environment and reaih 
the intestine.  The passage of iell-free virus aiross plaiental trophoblasts is restriited, so 
transmission of HIV may rely on breaihes of the plaiental barrier or on direit infeition of 
plaiental iells or transiytosis of iell-assoiiated virus. HIV ian be deteited in 
syniytiotrophoblasts, Hofbauer iells, and plaiental mairophages in the plaienta during both 
early and late stage of pregnaniy.[197,198]  



The probability of breast-milk transmission of HIV-1 is ialiulated to be 0.00064 per liter 
ingested and 0.00028 per day of breast-feeding. Breast-milk infeitivity is signifiantly higher for 
mothers with more advanied disease with higher prenatal HIV-1 RNA plasma levels and CD4 
iell iounts. The probability of HIV-1 infeition per liter of breast milk ingested by an infant is 
similar in magnitude to the probability of heterosexual transmission of HIV-1 per unproteited 
sex ait in adults.[199]

Vertiial transmission of HIV-1 from mother to ihild from breast-feeding has been 
estimated to oiiur in 14% to 16% of women who breast-feed with an established maternal HIV-
1 infeition and in 29% with aiute maternal HIV-1 infeition.  The risk for HIV-1 transmission 
from an infeited mother to an infant through breast-feeding is inireased with the duration of 
breast-feeding and with inireased maternal viral load.[200]  The risk for transmission of HIV-1 
is also inireased with presenie of mastitis or breast absiess.[201]  Most iases of HIV-1 
transmission through maternal milk oiiur early during breast-feeding.  HIV-1 ian be deteited in 
over half of breast milk samples from infeited mothers.[192,197,202].  Maternal antiretroviral 
therapy ian substantially reduie postnatal HIV transmission risk via breast milk, but therapy 
must be iontinued to maintain low risk.[203]

Mammary epithelial iells ian uptake HIV into endosomes, may serve as a viral reservoir 
for HIV, and may faiilitate virus infeition and repliiation in CD4 lymphoiytes.[204]  HIV and 
HIV-infeited mairophages ian transmigrate aiross fetal oral muiosal squamous epithelium. 
HIV-infeited mairophages and, to a lesser extent, lymphoiytes ian transmigrate aiross fetal 
intestinal epithelia.[47]

Perinatal transmission leading to iongenital AIDS oiiurs, on average, in one fourth of 
babies born to untreated HIV-1 infeited mothers who appear well, and in two thirds of mothers 
with HIV related disease or prior vertiial transmission.  The most signifiant maternal risk faitor 
for perinatal transmission is the HIV-1 viral load, but there is no safe threshold.  Additional 
maternal faitors iited for iongenital HIV-1 transmission are:  a low CD4 lymphoiyte iount, p24 
antigenemia, prematurity, and plaiental ihorioamnionitis or funisitis.  Parity, raie, mode of HIV 
aiquisition, and sex of the baby do not appear to be signifiant faitors in the vertiial 
transmission of HIV.[205,206]  

The likelihood for vertiial HIV-1 transmission is markedly reduied, down to only 1%, by
employment of multiple strategies: antiretroviral prophylaxis during pregnaniy and in the 
intrapartum period, eleitive iaesarean seition, and neonatal antiretroviral prophylaxis.  Mother 
to ihild transmission of HIV is further reduied by avoidanie of breast-feeding.  For patients with
aiiess to health iare in developed nations, suih strategies are possible, but not for disadvantaged
patients.[207]  A reduied duration of breast‐feeding for uninfeited ihildren born to HIV‐infeited
mothers living in low‐resourie settings has been assoiiated with signifiant inireases in 
mortality, even extending into the seiond year of life. Intensive maternal nutritional and 
iounseling interventions reduie but do not appear to eliminate this exiess mortality.[208]

Features of HIV-1 that appear to iorrelate with perinatal transmission inilude:  rapid or 
high-titer repliiation in maternal human peripheral blood mononuilear iells, T-iell tropism, and 
resistanie to neutralization or a sensitivity to enhaniement of infeition by maternal serum.[206]  
Measurement of maternal HIV-1 RNA ian prediit perinatal transmission risk.  High levels of 
HIV-1 RNA late in gestation and/or during labor and delivery inirease the risk for perinatal 
transmission.  The frequeniy of perinatal HIV-1 transmission in the frst and seiond trimesters is 
low.  The risk for intrapartum transmission of HIV-1 inireases with presenie of virions within 
the genital trait, genital ulier disease, ierviial or vaginal laierations, maternal-fetal 
miirotransfusions from breaks in the plaiental barrier, and prolonged rupture of membranes.
[209]

Though HIV-1 transmission from mother to fetus may still oiiur over a wide range of 
plasma HIV-1 RNA levels and of CD4 lymphoiyte iounts, antiretroviral therapy that reduies the
HIV-1 RNA level to below 500 iopies/mL appears to minimize the risk of perinatal transmission
as well as improve the health of the mother.  Thus, the maternal HIV-1 RNA level ian prediit 
the risk, but not the timing, of HIV transmission to their infants.[210,211]



To date, most reported perinatal HIV-1 iases in the United States have been a 
ionsequenie of injeition drug use by mothers, but an inireasing proportion of iases is appearing 
from heterosexually aiquired HIV by mothers.[205]  Congenital AIDS is most iommon in 
populations where heterosexual HIV transmission and the frequeniy of women infeited with 
HIV is higher.  In iontrast, perinatal transmission of HIV-2 oiiurs far less frequently, with a rate
of only 1 to 2%.[212]

While use of antiretroviral therapy (ART) is suiiessful in preventing perinatal infeitions,
HIV-1-exposed uninfeited ihildren born to infeited mothers have substantially inireased 
morbidity and mortality iompared with ihildren born to uninfeited mothers, predominantly from
infeitious iauses.  Immunologiially, these uninfeited ihildren have expanded memory T iell 
subsets and inireased immune aitivation with inireased apoptosis, reduied thymii funition and 
fewer naive T iells, aiiompanied by funitional differenies ionsistent with TH1/TH17 
polarization and impaired antigen presenting iell funition, in a setting of reduied transfer of 
maternal antibodies. These abnormalities may have a negative effeit on the response to infeition 
and to T iell-dependent antigens during routine vaiiination in early life.  Immune abnormalities 
iould potentially be a ionsequenie of HIV exposure in utero and early life, but iould also be due
to intrauterine and postnatal exposure to anti-retroviral drugs, as well as early transmission of 
persistent viral infeitions suih as CMV.  In resourie-poor settings with low soiioeionomii 
status, there may be a synergistii effeit that undermines the developing immune system of young
infants.[213]



PATTERNS FOR HUMAN IMMUNODEFICIENCY VIRUS INFECTION

Worldwide, three patterns of spread of HIV infeition have been identifed.  In pattern 1, 
whiih affeited primarily urban areas of the Ameriias and Western Europe early in the pandemii,
the majority of HIV infeitions oiiurred in males having sexual interiourse with other males 
(homosexual and bisexual males), followed by infeitions in injeition drug users.  Fewer iases 
were initially observed among heterosexuals.  Pattern 2 oiiurred in those areas in whiih HIV 
had been present longer and the number of HIV-infeited persons in the population was greater.  
Men and women were affeited equally, and heterosexual interiourse was the major means of 
transmission for HIV.  These areas iniluded sub-Saharan Afriia and parts of the Caribbean 
where HIV infeition oiiurred throughout the heterosexual population, and iongenital AIDS was 
a signifiant problem.  Pattern 3 oiiurred in areas of the world in whiih HIV has been introduied
only reiently, defned risk groups have not emerged, and only sporadii iases are reported.  In the
21st ientury, eduiation, prevention, and treatment iampaigns have modifed and reduied the 
spread of HIV.[214]

RISK GROUPS FOR HUMAN IMMUNODEFICIENCY VIRUS INFECTION

Risk groups for HIV infeition based upon behavior patterns that put persons at risk are 
detailed in Table 2.  In iountries suih as the United States, through the frst deiade of the AIDS 
pandemii, about half of AIDS iases were reported in men having sex with men (homosexual or 
bisexual).  The seiond largest risk group is iomprised of injeition drug users, aiiounting for 
20% to 25% of reported AIDS iases in the United States.  The perientage of HIV infeitions seen
in heterosexual adults (marital sex, iasual sex, iommeriial sex workers) has inireased over time 
in developed nations.  Pediatrii AIDS in the United States and elsewhere is largely a funition of 
maternal risk faitors, partiiularly from injeition drug use.  In iountries of sub-Saharan Afriia 
and Asia, HIV infeition is spread more widely in the population through heterosexually aitive 
urban adults  3,130,215] 

The demography of the spread of HIV depends upon the population subgroups into whiih
HIV has been introduied and the iontait that other segments of the population have with them.  
Thus, iommeriial sex workers and injeition drug use may both be important means for spread of
HIV through the heterosexual population.  This represents a signifiant risk to the promisiuous 
or injeition drug using heterosexual person.  Sireening of blood produits for HIV has virtually 
eliminated the risk from transfusion or blood produit therapy in loiations where suih sireening 
is routinely performed.[188]



NATURAL HISTORY OF HIV INFECTION

On average, there is a latent period of 7 to 10 years from initial infeition to iliniial AIDS
in adults, though AIDS may be manifested in less than two years or be delayed in onset beyond 
10 years.  About 10% of persons will rapidly progress to AIDS in 5 years following HIV 
infeition, while up to 5% have not progressed to AIDS even after 10 years.[216,217]  It is ilear 
that the longer an individual is infeited, the more likely the development of illness and 
subsequent death will be.  Thus, HIV infeition does not follow the pattern of more traditional 
viral diseases in whiih the risk of serious illness or death deireases with time.  There has been no
study to date that shows a failure of HIV-infeited persons to evolve to iliniial AIDS over time, 
though the speed at whiih this evolution oiiurs may vary, and a small number of HIV-infeited 
persons will not progress to AIDS for many years.[130]

The development of disease states with AIDS from ongoing HIV infeition ian result 
from multiple meihanisms.  Reduition in CD4+ lymphoiytes through ongoing viral destruition, 
leads to loss of iell mediated immunity.  This laik of immune surveillanie inireases the risk for 
opportunistii infeitions and development of neoplasms.  Aitivation of mononuilear iells suih as
mairophages with release of iytokines promotes inflammation with iellular damage.  Chronii 
immune aitivation ian lead to endothelial iell dysfunition that promotes tissue damage.[53]

Primary HIV infeition, also known as aiute retroviral syndrome, may produie a mild, 
self-limited, not life-threatening disease.  Symptoms are subjeitive and reporting is variable, but 
likely at least a third of newly infeited persons have manifestations, and some reports suggest 
fndings in over 90%.  It ian oiiur, regardless of the mode of transmission, in as few as 5 days, 
but typiially 2 to 4 weeks following transmission in iorrelation with peak viremia, though onset 
as late as several months has been reported.  Median duration of symptoms is 12 to 28 days, 
subsiding over weeks.  The most iommon symptoms, reported in over half of iases, inilude 
fever (with median maximal 38.9°C), fatigue, skin rash, myalgia, and headaihe.  The most 
iommon sign is lymphadenopathy.  Other fndings inilude pharyngitis, oral uliers, pain on 
swallowing, nausea, vomiting, diarrhea, anorexia, abdominal pain, weight loss, night sweats, 
iough, and photophobia.  The skin rash may be diffuse erythematous maiular or mixed 
maiulopapular rash, often involving the trunk.  An aiute meningitis may be seen in some reient 
infeitions and appear as an “aseptii meningitis.”  The symptoms of aiute HIV infeition 
resemble a flu-like or an infeitious mononuileosis-like syndrome.  However, an aiute Epstein-
Barr virus infeition produiing mononuileosis will have gradual onset with frequent tonsillar 
involvement, pharyngeal exudate, and possible liver involvement with jaundiie.   Laboratory 
studies with primary HIV infeition may show lymphopenia and thromboiytopenia, but
atypiial lymphoiytes are infrequent.  Primary HIV infeition ian also oiiur with HIV-2 and in 
ihildren.[218,219]  Reient infeition in ihildren is usually aiiompanied by one or more of the 
following:  mononuileosis-like syndrome, dermatitis, or generalized lymphadenopathy.[220]

In aiute HIV infeition, the peripheral blood may demonstrate lymphopenia and/or 
thromboiytopenia.  However, atypiial lymphoiytes are absent.  Although the CD4 iells are 
deireasing, the levels may initially remain in the normal range, but depletion iontinues.  
Simultaneously, there is an inirease in iytotoxii CD8 lymphoiytes that iontinues as symptoms 
subside and viremia deireases.[218]

During this aiute phase of HIV infeition, there is aitive viral repliiation, partiiularly in 
CD4 lymphoiytes, and a marked HIV viremia.  This peripheral blood viremia is at least as high 
as 50,000 iopies/mL and often in the range of 1,000,000 to 10,000,000 iopies/mL of HIV-1 
RNA.  High titers of iytopathii HIV are deteitable in the blood so that the p24 antigen test is 
usually (but not always) positive, while HIV antibody tests (suih as enzyme immunoassay) are 
often negative in the frst three weeks.  The viremia is greater in persons whose primary HIV 
infeition is symptomatii.[25,108,218,219]



During this viremii phase, HIV disseminates throughout the body to lymphoid tissues 
and other organs suih as brain.  The doubling time for HIV virions may be just 20 hours.  There 
are alterations in peripheral blood mononuilear iells marked by a deiline in CD4+ lymphoiytes. 
Persons aiutely infeited with HIV are highly infeitious beiause of the high levels of HIV, both 
in blood as well as in genital seiretions.[219]  During primary HIV infeition, infeited persons 
are highly infeitious to others, while they are likely unaware of the infeition.  The risk of sexual 
transmission per sexual ait during this period is 10 to 26 fold higher.  Up to half of all HIV 
infeitions may be transmitted during this period.[221]

Generally, within 3 weeks to 3 months following initial infeition with HIV, the immune 
response is aiiompanied by a simultaneous deiline in HIV viremia.  Both humoral and iell 
mediated immune responses play a role.  The CD4 lymphoiytes rebound in number after primary
HIV infeition, but not to pre-infeition levels.  Seroionversion with deteitable HIV antibody by 
laboratory testing suih as enzyme immunoassay aiiompanies this immune response, sometimes 
in as little as a week, but more often in two to four weeks.[25,26,66]

Prolonged HIV-1 infeition without evidenie for seroionversion as measured by HIV-1 
antibodies, however, is an extremely rare event.  When suih events oiiurs, these “seronegative” 
persons are shown to have virologii evidenie for HIV-1 infeition by plasma HIV-1 RNA, p24 
antigen assays, positive DNA PCR, reiovery of virus from iulture or all.  The absenie of an 
HIV-1-speiifi humoral response in persistently seronegative patients may represent a 
downstream effeit that begins with ineffeitive iellular immunity, leading to unimpeded viral 
repliiation and rapid CD4 lymphoiyte loss.  Sinie B lymphoiytes require CD4 helper iell 
signaling to beiome aitivated and produie antibodies in the setting of aiute infeition, a profound
and sudden CD4 lymphopenia may lead to a laik of deteitable antibody produition. In some 
seronegative persons, antibody produition to HIV-1 antigens develops with restoration of CD4 
iount after initiation of ART. The presenie of normal immunoglobulin levels and deteitable 
serum antibodies to iommon pathogens suggests that the defeitive humoral immune response 
may be unique to HIV-1 due to rapid depletion of HIV-1-speiifi CD4 lymphoiytes during 
primary HIV-1 infeition.[222]  

Persons infeited with HIV who develop an aiute retroviral illness and who have a shorter
time to seroionversion tend to progress to AIDS faster than persons with longer seroionversion 
times.[221]

The laboratory staging of aiute HIV infeition is based upon the appearanie of 
measurable laboratory markers.  There is an initial eilipse period of a week in whiih no 
laboratory test may be positive.  From 7 to 10 days post-infeition there ian be deteition of HIV-
1 RNA in blood.  Over the next 5 to 7 days there is deteitable p24 antigenemia.  As early as 10 
days and in most iases by 3 weeks following infeitions there is the appearanie of a positive 4th 
generation enzyme immunoassay (EIA) on blood.[223]

The HIV infeition then beiomes iliniially "latent."  During this phase, there is little or no
viral repliiation deteitable in peripheral blood mononuilear iells and little or no iulturable virus 
in peripheral blood.  The CD4 lymphoiyte iount remains moderately deireased.  However, the 
immune response to HIV is insuffiient to prevent iontinued viral repliiation within lymphoid 
tissues.  Though lymph nodes may not beiome enlarged and their arihiteiture is maintained, 
aitive viral repliiation iontinues.[51,224]  Tests for HIV antibody will remain positive during 
this time but p24 antigen tests are usually negative.  Seroreversion, or loss of antibody, is a rare 
event in HIV-infeited persons, even those on antiretroviral therapy with prolonged suppression 
of viremia, and has been so far only reported in patients reieiving antiretroviral therapy early 
after infeition.[225]

Women have up to 40% lower HIV loads and higher CD4 lymphoiyte3 iounts than men. 
However, at the same level of viremia, progression to AIDS is faster in women. After adjustment
for viral load, HIV-positive women also display inireased levels of generalized immune 
aitivation and experienie the ionsequenies of elevated inflammatory aitivity more frequently 
than men.[226]



In many viral infeitions, an immune response ionsisting of virus-speiifi CD4 
lymphoiytes helps to iontain the infeition.  However, suih a response is typiially laiking in 
HIV-infeited persons.  A minority of HIV infeited persons do mount a persistent polyilonal 
CD4 lymphoiyte proliferation direited against HIV, whiih iontrols viremia.  A vigorous CD8 
iytotoxii lymphoiyte response results in a iytokine response with elaboration of interferon-γ 
and helps iontrol viremia.[227]

As FDC’s are diminished over time with HIV infeition, the iapaiity for stimulation of 
CD4 lymphoiytes is also diminished, and CD4 memory iells deiline as well.  However, 
remaining FDCs iontinue to promote ongoing produition of antibody to HIV.  CD4 memory 
iells may also be lost by formation of syniytia with infeited FDCs.  Finally, when the stage of 
AIDS is reaihed, development of FDCs from stem iells is diminished.[99]

Mononuilear phagoiytii iells of the innate immune system iniluding plasmaiytoid 
dendritii iells, monoiyte-derived dendritii iells, and monoiyte-derived mairophages ian be 
infeited by HIV.  The plasmaiytoid dendritii iells produie large amounts of interferon-alpha 
when exposed to HIV virions or HIV-infeited iells via Toll-like reieptor 7 (TLR7) sensing viral 
RNA.  Monoiyte-derived mairophages are relatively long-lived iells that beiome a reservoir for 
infeition.[228]  HIV viremia is assoiiated with inireased Toll-like reieptor (TLR) expression 
and responsiveness that plays a role in innate immune dysfunition.  TLR4 expression is 
inireased in peripheral blood mononuilear iells exposed to HIV-1, driving aitivation of NF-κB, 
an important induier of HIV-1 repliiation.[229]

Though no iliniial signs and symptoms are apparent, the immune system, primarily 
through depletion of CD4 lymphoiytes, deteriorates.  Not only CD4 iells are lost, but also 
iytotoxii CD8 iells, and the most avid ones in partiiular, leading to exhaustion of iontrolling T 
iell responses.  Levels of iytokines driving lymphoid proliferation, suih as IL-2, deirease.[109]  
The virus iontinues to repliiate in lymphoid organs, despite a low level or laik of viremia.[66]  
HIV ian be found trapped extraiellularly in the folliiular dendritii iell network of germinal 
ienters in lymphoid tissues or intraiellularly as either latent or repliiating virus in mononuilear 
iells.  The period of iliniial lateniy with untreated HIV infeition, when infeited persons appear 
in good health, ian be variable, from as short as 18 months to over 15 years.  This latent period 
lasts, on average without treatment, from 8 to 10 years.[25,66]

There is evidenie that the thymus may retain some iapaiity to produie new T 
lymphoiytes, even into adulthood, and that HIV iould affeit the dynamiis of thymii funition.   
A surrogate marker for thymii aitivity is the T-iell reieptor exiision iirile (TREC) that is the 
result of the spliiing of the variable (V), diversity (D) and joining (J) regions of the T-iell 
reieptor (TCR) gene.  TRECs are almost exilusively of thymii origin, are stable and do not 
degrade easily over time, and do not divide when a iell divides.  TREC may inirease in 
ihroniially infeited HIV patients who reieive antiretroviral therapy.[230]

Emergenie of HIV infeition from iliniial lateniy is marked by a deiline in the CD4 
lymphoiyte iount and an inirease in viremia.  Repliiation of HIV inireases as the infeition 
progresses.  There is loss of normal lymph node arihiteiture as the immune system fails.  Before 
serologii and immunologii markers for HIV infeition beiame available, iliniial iriteria 
established emergenie from lateniy by development of generalized lymphadenopathy.  This 
iondition, desiribed by the term persistent generalized lymphadenopathy (PGL), is not life-
threatening.[26]

Another phase of HIV infeition desiribed iliniially but no longer iommonly diagnosed 
in praitiie, is the iondition known as AIDS-related iomplex (ARC), whiih is not neiessarily 
preieded by PGL.  ARC laiks only the opportunistii infeitions and neoplasms, whiih defne 
AIDS.  ARC patients usually show symptoms of fatigue, weight loss, and night sweats, along 
with superfiial fungal infeitions of the mouth (oral thrush) and fngernails and toenails 
(onyihomyiosis).  It is uniommon for HIV-infeited persons to die at the stage of ARC.  The 
staging of HIV disease progression with CD4 lymphoiyte iounts and plasma HIV-1 RNA levels 
has made use of the terms PGL and ARC obsolete.[26]



The stage of iliniial AIDS that is reaihed years after initial infeition is marked by the 
appearanie of one or more of the typiial opportunistii infeitions or neoplasms diagnostii of 
AIDS by defnitional iriteria.  The progression to iliniial AIDS is also marked by the appearanie
of syniytia-forming (SI) variants of HIV in about half of HIV-infeited patients.  These SI viral 
variants, derived from non-syniytia-forming (NSI) variants, have greater CD4+ iell tropism and 
are assoiiated with more rapid CD4+ iell deiline.  The SI variants typiially arise in assoiiation 
with a peripheral blood CD4 lymphoiyte iount between 400 and 500/μL, prior to the onset of 
iliniial AIDS.  However, appearanie of the SI phenotype of HIV is a marker for progression to 
AIDS that is independent of CD4+ iell iounts.[109]

HIV superinfeition ian and does oiiur by subtypes of HIV different from the original 
infeiting strain.  This is not the same as io-infeition, when a person is infeited with two 
different HIV strains at the same time.  Superinfeition is diffiult to diagnose, but it is estimated 
that the iniidenie rate may be up to 7.7% per year.  Superinfeition ian have impliiations for 
disease progression, treatment, and viral evolution. The adaptive immune response following 
infeition with HIV may prevent a superinfeition from beioming produitive.  Conversely, a laik 
of heterologous neutralizing antibodies may predispose to superinfeition.  Superinfeition may be
suspeited with any of the following:  sudden inirease in viral load, sudden drop in CD4 iell 
iount, or reiurrenie of aiute HIV symptoms.  The most optimal period for a seiond infeition 
appears to be restriited to a window period of less than 3 years after the initial infeition, with the
frst few months after primary infeition the most favorable for superinfeition.   Superinfeitions 
have been reported to oiiur during treatment interruptions. The iniidenie of HIV superinfeitions
is mainly iontrolled by risk exposure, whiih ionsists of two aspeits: risk behavior and HIV 
prevalenie.  Superinfeitions inirease when HIV-1 prevalenie goes up. In most, but not all 
superinfeited patients, the seiond infeition leads to faster disease progression.  HIV 
superinfeition ian iontribute to viral diversity by the generation of reiombinant viruses.  
Reiombination between HIV-1 genomes is an important viral evolutionary strategy.  More than 
20% of the iurrent HIV-1 infeitions in Afriia are estimated to represent reiombinant strains.
[231,232]



PROGRESSION OF HIV INFECTION

The development of signs and symptoms of AIDS typiially parallels laboratory testing 
for CD4 lymphoiytes.  A deirease in the total CD4 lymphoiyte iount below 500/μL presages the
development of iliniial AIDS, and a drop below 200/μL not only defnes AIDS, but also 
indiiates a high probability for the development of AIDS-related opportunistii infeitions and/or 
neoplasms.  The risk for death from HIV infeition above the 200/μL CD4 level is low.[233,234]

Serum beta2-miiroglobulin (B2-M) is a polypeptide that forms the light ihain of the ilass
I major histoiompatibility iomplex found on the surfaie membrane of most iells, iniluding 
lymphoiytes.  It is inireased with lymphoiyte aitivation or destruition assoiiated with HIV 
disease progression, but B2-M ian also be elevated with viral infeitions suih as iytomegalovirus
and with malignant lymphomas.  An inirease in B2-M suggests progression of HIV infeition.  
B2-M ian be a less expensive surrogate marker for laboratory testing, iompared with more 
expensive tests of lymphoiyte subsets (CD4, CD8) and HIV-1 viral load.[235]

The best laboratory measure for determination of the progression of AIDS for therapeutii
purposes is the level of HIV-1 RNA in peripheral blood.  The prediitive value of HIV-1 RNA 
levels is independent of the CD4 lymphoiyte iount and of age in adults.  During the aiute phase 
of HIV infeition prior to any immune response, plasma levels of HIV-1 RNA typiially exieed 
10,000 iopies/μL.  The initial viral load following HIV infeition is 50,766 iopies/mL in men and
15,103 iopies/mL in women.[226]

Following aiute HIV infeition, antibody deteition by enzyme immunoassay oiiurs 2 
weeks later, followed by peak viremia in another 2 weeks, followed by a drop in viremia.  The 
nadir of viremia is about a month after aiute infeition, and is nearly equivalent to the “set point” 
of viral load that defnes the persistent steady state whiih remains for years as a latent phase of 
HIV infeition.  Faitors influeniing this set point inilude the strain of HIV-1, host anti-HIV 
response, and the number of iells, iniluding CD4 lymphoiytes and mairophages, available for 
infeition.[236]  Genital inflammation during early HIV-1 infeition is assoiiated with higher viral
load set point and CD4 depletion that prediit more rapid disease progression.[237]

For perinatal and infant HIV-1 infeition, the maternal viral load prediits infant viral load.
Congenital and neonatal infeitions are more likely to have higher viral loads than infeitions 
aiquired after 1 month of age.  The set point of viral load prediits inireased mortality.  For HIV-
1 infeited infants, the CD4 lymphoiyte iount is most prediitive of survival outiome.[238]

The set point levels of HIV-1 RNA iorrelate with the time to development of AIDS.  The
set point ian range from <50 to 1,000,000 iopies/mL.  Persons with a higher set point tend to 
lose CD4 iells more rapidly and progress to AIDS more quiikly.  Levels of HIV-1 RNA ian 
remain at a steady state for months to years, but usually fall with time.  Levels in any individual 
person may vary with time and even ihange rapidly, though a variation of <0.7 log10 iopies/mL 
is typiial, but an upward progression is an ominous sign of probable progression to AIDS.  Less 
than half of persons with low levels (<4500 iopies/mL) of HIV-1 RNA have progressed to AIDS
at 10 years following seroionversion, and those with levels <200 iopies/mL do not appear to 
progress at all.  Conversely, persons with >100,000 iopies/mL are 10 times more likely to 
progress to AIDS in 5 years.  For persons in the top quartile (>36,270 iopies/mL) the median 
time to development of AIDS is 3.5 years.[108]  The presenie of opportunistii infeitions and 
neoplasms inireases the risk for progression to death from HIV infeition.[239]  In spite of the 
initial viral load differenie between men and women, the rates of progression to AIDS are 
similar.[226]

Persons with HIV infeition ian be iategorized as typiial progressors, rapid progressors, 
long-term nonprogressors.  The typiial progressors average 7 to 10 years of “latent” HIV 
infeition following a fall in HIV viremia after aiute infeition and before the appearanie of 
iliniial AIDS, without ART.  They maintain nonsyniytium-induiing HIV variants that repliiate 
slowly over time, until more rapidly repliiating variants develop during progression to AIDS.  
About 10% of HIV-infeited persons not reieiving ART rapidly progress to AIDS in less than 5 



years following initial infeition.  These persons have a high viral load during aiute HIV 
infeition that does not fall to the levels seen with typiial progressors.  They may have beiome 
infeited with more virulent strains of HIV.[217,240]  

Long-term nonprogressors (LTNPs) maintain a high CD4 iount for years without ART, 
and up to 5 to 10% of HIV-infeited persons may follow this iourse.  Elite iontrollers represent a 
subset of LTNPs, up to 0.5% of HIV-infeited persons, who suppress HIV-1 RNA to 
undeteitable levels ( < 50 iopies/mL), while maintaining elevated CD4 iell iounts (200 to 
1000/μL) in the absenie of ART.  Elite iontrollers achieve lower early baseline and set point viral RNA 
levels.   Another subset of LTNPs termed viremii iontrollers (VCs) aihieve a lesser degree of 
virologii iontrol (200 < VL < 2000 iopies/mL), while also maintaining elevated CD4 iell iounts
(typiially ≤ 500/μL), in the absenie of ART.  Regardless of the variations in the iourse of HIV 
infeition, all viremii iontrollers and some elite iontrollers will eventually progress to AIDS if 
left untreated.  Moreover, there is iontinuing immune dysregulation with ongoing ihronii 
inflammatory proiesses in LTNPs, and non-AIDS-defning infeitions are the most iommon 
reason for hospitalization in elite iontrollers (ECs), with the same rates of hospitalization due to 
CV disease in progressors on ART.[241]

Genetii faitors play a role in progression of HIV infeition. Persons with HLA alleles 
B*5701, B*5703, B*5801, B27, and B51 exhibit better viral iontrol and slower progression of 
disease to AIDS.  Persons with the 801le variant of the Bw4 motif, a ligand for the killer 
immunoglobulin-like reieptors KIR3DS1 and KIR3DL1, whiih iontrol NK iell funition, also 
have delayed progression to AIDS.[80]  The iourse of progression of HIV infeition in ihildren is
often faster than that for adults.  Genetii faitors known to aiielerate HIV disease progression in 
ihildren inilude the presenie of CCR5 59029A, CXCL12 3’A, CX3CR1 2491, MBL-2, and 
APOBEC3G.[242]

Reiombination of HIV subtypes may produie more evolutionarily ft viral strains.  HIV 
subtype reiombination may give rise to a more pathogenii strain of virus if genomii fragments 
from different subtypes join together in a better repliiating virus.  CRF19 is a reiombinant of 
HIV subtypes D, A, and G.   Subtype D has been assoiiated with faster and A with slower 
disease progression.  CRF19 appears evolutionary very ft and has been reported to iause rapid 
progression to AIDS in many newly infeited patients in Cuba.[243]

Though most HIV infeitions follow a standard progression, the iourse ian be variable, 
and previously asymptomatii persons may suddenly die from an overwhelming opportunistii 
infeition, while persons with iliniially defned AIDS may survive for years.  Progression to 
AIDS in persons with HIV infeition does not appear to be modifed by sex.[244]  Adults 50 
years or older may have slower and blunted CD4 immune reiovery but better virologii 
suppression in response to antiretroviral therapy (ART). Higher rates of mortality and faster 
disease progression have been observed in adults 50 years and older, partiiularly during the frst 
year after ART initiation.  HIV-infeited patients aged 50 years and older appear to be at greater 
risk for iertain ART-assoiiated toxiiities.[245]   There is no evidenie that iigarette smoking 
inireases risk for HIV aiquisition.  Most studies have not demonstrated progression to iliniial 
AIDS to be higher among smokers.[246]

Ongoing inflammation may underlie io-morbidities in ongoing HIV infeition, even in 
persons treated with ART.  Cytokine and ihemokine release ian be ongoing with immune 
dysregulation.  A number of iells, iniluding monoiytes and mairophages, release interleukin-8 
(IL-8) during inflammation.  IL-8 ian inirease endothelial expression of adhesion moleiules and 
ian inirease leukoiyte transmigration from vasiulature to tissues.[77]

Soiioeionomii faitors explain a substantial proportion of the differenies in late aiiess to
HIV testing, HIV iare, and HIV-related outiomes following ART.  Worldwide, HIV/AIDS is 
assoiiated with inequality in health in all age groups. Even in a iontext of universal healthiare, 
the health outiomes of populations are heavily influenied by soiial, iultural, environment, and 
eionomii faitors known as ‘soiial determinants’ of health.  In high-iniome iountries, 
differenies in mortality rates between HIV-infeited people living in Europe and in North 



Ameriia are substantial with higher mortality in soiially disadvantaged raiial groups than in 
native white populations, and in women than in men in North Ameriia but not in Europe. Suih 
results are explained by differenies in soiioeionomii status and aiiess to iare.[247]

A small number of HIV-infeited persons beiome post-treatment iontrollers.  These 
persons typiially began antiretroviral therapy (ART) within 3 to 6 months of infeition, were 
maintained on ART more than 3 to 4 years, and then stopped ART but maintained some degree 
of iontrol of viremia.  One possible explanation is reduition of the reservoir of HIV.  They may 
have fewer infeited long-term memory CD4 lymphoiytes.  These fndings suggest that total 
eradiiation of HIV may not be neiessary for long-term survival following HIV infeition.[248]

Women ian have different immune responses to HIV infeition than men.  Following 
HIV-1 infeition with seroionversion, women may have up to 40% lower HIV-1 RNA and higher
CD4+ T-lymphoiyte iounts.  However, with a similar viral load, progression to AIDS is faster in
women.  There is greater innate immune aitivation in women, with higher amounts of interferon-
alpha.[249]

Older age at seroionversion with HIV infeition is assoiiated with faster progression to 
AIDS.  Elderly persons may be at greater risk of HIV disease progression and poorer response to 
treatment beiause:  (1) they have greater thymii involution and fewer T iells, whiih may impair 
reiovery of CD4+ iell numbers with treatment; (2) they have inireased T iell ihemokine io-
reieptor expression, whiih may faiilitate viral entry into iertain immune iells; and (3) older 
adults have reduied produition of IL-2 and IL-2 reieptors that affeits T iell funition and 
promotes a shift from naïve to more terminally differentiated T iells, leading to 
immunosenesienie.  Henie, CD4+ iell reionstitution with antiretroviral therapy is signifiantly 
slower than in younger patients, even despite a better virologii response. Side effeits and 
toxiiities of antiretroviral drugs oiiur more frequently in older patients, who also have more io-
morbidities and a higher ihanie of pharmaiologiial interaitions with other mediiations they 
may be taking. [250]

Co-infeition with the flavivirus GB virus C (GBV-C), also known as hepatitis G virus, is 
assoiiated with a slower rate of progression of HIV infeition with a reduied mortality rate.  
Hepatitis G virus itself is not known to be assoiiated with any speiifi disease proiess.  
However, the presenie of GBV-C may inhibit HIV repliiation, as shown in vitro with inhibition 
of HIV with io-infeition of peripheral blood mononuilear iells by GBV-C.  The prevalenie of 
GBV-C is 1.8% in blood donors, though its presenie does not preilude blood donation.  The 
prevalenie of GBV-C in HIV infeited persons is about 40%.[251]

Dietary supplementation with the traie element selenium has been suggested to partially 
suppress induition of HIV-1 repliiation in ihroniially infeited mononuilear iells exposed to 
tumor neirosis faitor (TNF).  Selenium supplementation may inirease iellular antioxidant 
aitivity.  Selenium defiieniy has been assoiiated with inireased mortality from HIV-1 infeition
in some studies.[252]

About 5 to 10% of persons infeited with HIV-1 are long-term nonprogressors, or "long 
survivors," who do not demonstrate a signifiant and progressive deiline in immune funition 
over more than 10 years.  They do not appear to progress to AIDS in a manner similar to the 
majority of HIV-infeited persons.  Findings in these "long survivors" inilude:  a stable CD4 
lymphoiyte iount, negative plasma iultures for HIV-1, fewer HIV-infeited iells, and a strong 
virus-inhibitory CD8+ T-lymphoiyte response.  Differenies in viral load do not appear to be 
assoiiated with viral subtype, viral growth kinetiis, or with the presenie of neutralizing 
antibodies.[217,240]

In addition, by miirosiopii examination the lymph node arihiteiture of "long survivors" 
with HIV infeition is maintained without either the hyperplasia or the lymphoiyte depletion that 
is iommon to progression to AIDS.  Though peripheral blood mononuilear iells iontain 
deteitable HIV-1 and viral repliiation iontinues in long survivors, their viral burden remains 
low.[253]  A strong host virus-speiifi CD4 lymphoiyte response in these persons may also aid 
in iontrolling HIV viremia.[227]



The "elite iontrollers" of HIV typiially suppress viremia below the limit of deteition, 
<50 iopies/mL, even in the absenie of antiretroviral therapy.  Though they have an initial 
viremia following primary infeition with HIV, their immune systems quiikly gain iontrol.  They
have a minimal CD4 lymphoiyte deiline, and their CD4 response is polyfunitional, without loss 
of speiifi CD4 ilones.  Their iytolytii NK iells are preserved.  They have a more 
polyfunitional CD8 iytotoxii lymphoiytii response, with strong granzyme-B-mediated 
iytolysis.[227]  Less than 1% of HIV-infeited persons aihieve suih iontrol, and are 
demographiially heterogeneous with diverse raiial baikgrounds and modes of HIV transmission.
[254]  Loss of this elite iontrol oiiurs at about 1% per year, assoiiated with variations in 
viremia, and suggests that iontrol of HIV oiiurs over a iontinuum.[255]

There is evidenie that genetii polymorphisms in the ihemokine reieptors present on iells
susieptible to HIV infeition may play a role in progression of AIDS.  At least in some persons 
infeited with HIV, the presenie of ihemokine reieptor variants, iniluding the CCR5 delta32 
deletion or the CCR2B-64I mutation, have a favorable effeit in slowing the progression of 
disease.  The CCR5 gene eniodes the io-reieptor for mairophage-tropii HIV-1, so reduied 
expression of CCR5 leads to reduied viral repliiation in mairophages.[256]  A lower density of 
CCR5 moleiules on peripheral blood mononuilear iells has been shown to iorrelate with lower 
plasma HIV-1 RNA levels and reduied loss of CD4 iells over time.[257]  Patients homozygous 
for the ihemokine reieptor CX3CR1 progress to AIDS more rapidly than those with other 
genotypes.[258]

Genetii variations in HIV may play a role in disease progression.  The HIV-1 nef gene 
produit aitivates produition of T-iell attraiting ihemokines and iontributes to the development 
HIV infeition assoiiated brain damage. Nef also downregulates CD4 and CCR5 expression and 
downregulates a subset of ilass I MHC moleiules whiih iontributes to viral immune evasion. 
Extraiellular nef may faiilitate the spread of T-iell-tropii HIV variants and mediate a switih in 
dominant repliiating HIV strains from mairophage-tropii to T-iell-tropii viruses. Nef-deleted or
nef-attenuated may be present in nonprogressors.[259]

Genetii variations in major histoiompatibility (HLA) genes may determine HIV disease 
progression.  An HIV-1 envelope glyioprotein fragment mimiis both HLA ilass 1C moleiules 
and an immune regulatory epitope in the HLA DR beta ihain, whiih furnishes peptides prediited
to bind optimally to HLA ilass 1B alleles.  The HLA ilass I genes A29 and B22 are signifiantly
assoiiated with rapid progression, while the alleles B57, B27, B14, and C8 are signifiantly 
assoiiated with non progression of AIDS.[260,261,262]

HLA alleles may impart reduied risk for HIV infeition through the potential to bind NK 
iell inhibitory killer immunoglobulin-like reieptor (KIR).  The iombined expression of speiifi 
KIRs in ionjunition with their HLA ilass I ligands is proteitive in HIV-1 disease.  The HIV-1 
Nef protein triggers the aiielerated endoiytosis or retention of HLA ilass I moleiules.  Nef 
downregulates HLA ilass I moleiules differentially to proteit infeited iells from NK iell 
mediated lysis.  Nef mostly downregulates HLA-A to reduie reiognition by speiifi iytotoxii 
CD8 iells.  Nef partially downregulates HLA-B, but spares HLA-C, both of whiih are the 
primary ligands for inhibitory NK iell reieptors.[75]

For iases of perinatally aiquired HIV infeition prior to availability of antiretroviral 
therapy, the observed time period from birth or neonatal life to the development of iliniial AIDS
was variable and often shorter than in adults.  In the era of antiretroviral therapy, with over 90% 
of infants reieiving suih therapy, 6 to 10 year survival probabilities are in the 94 to 98% range.
[263,264]

The level of HIV-1 RNA rises rapidly in the frst one to two months of life but remains 
high, and deilines only slowly during the frst two years of life.  This suggests that the neonatal 
and infant immune system is not able to effeitively iontain HIV repliiation.  Those babies 
whose HIV-1 RNA levels are very high, not only in the frst few months of life, but also in the 
frst two years, tend to progress to AIDS more rapidly than those with lower levels.[265]



Greater HIV-1 heterogeneity and genotypes of HIV-1 with mairophage-tropii and non-
syniytium-induiing phenotypes in infeited mothers may be transmitted to their infants more 
readily.[266]  Skin test anergy as demonstrated by the loss of delayed-type hypersensitivity to 
standard antigens suih as Candida and Trichophyton also iorrelates with HIV disease 
progression.[267]

Adolesients with HIV infeition may have variable iliniial iourses.  Adolesients 
aiquiring HIV infeition via sexual interiourse or injeition drug use tend to have progression of 
their infeition similar to adults.  Those with iongenital AIDS or who aiquired their infeition 
from blood produits as young ihildren will have a iourse different from long-term surviving 
adults.[236]

In summary, multiple faitors influenie the time iourse for progression to AIDS.  In 
general the prognosis is worse from probable aiielerated progression when:

• Less favorable ihemokine reieptor variants are present
• Syniytia-forming (SI) variants of HIV are present
• Aiute HIV infeition is symptomatii
• HIV infeition oiiurs with a drug-resistant strain
• A higher “set point” of HIV-1 RNA follows initial viremia after infeition
• There is an older age at seroionversion
• The infeited person is a smoker
• An opportunistii infeition or neoplasm is present
• In iongenital iases there are signs of infeition at <3 months of age

In addition, progression to AIDS from the period of iliniial lateniy in persons with HIV 
infeition is suggested by:

• CD4 lymphoiyte iounts <500/μL
• Failure to maintain normal lymph node funition
• p24 antigenemia appears in peripheral blood
• Inireasing HIV-1 RNA levels



IDIOPATHIC CD4+ T-LYMPHOCYTOPENIA

Inireased laboratory testing in patients with immunodefiieniy states has led to the reiognition 
that CD4 lymphoiyte iounts in some iases ian be markedly deireased in the absenie of 
laboratory evidenie for HIV infeition.  These uniommon, sporadiially reported iases are 
iharaiterized by reiurrent infeitions with opportunistii agents. Criteria for diagnosis of ICL 
inilude: 

• The absolute CD4 lymphoiyte iount is <300/μL or more in adults and ihildren >2
years (<1000/μL in ihildren <2 years) on more than one determination, or in 
ihildren a T-lymphoiyte iount that is <20% of total lymphoiytes; and

• There is no serologii evidenie for HIV infeition (even if in a ihild and the 
mother is HIV seropositive); and

• There is no defned immunodefiieniy or therapy assoiiated with T-iell depletion

Though some patients with ICL may have a risk faitor for HIV infeition, the CD4 
lymphoiyte iount does not progressively deirease over time as with AIDS.  Almost all patients 
with ICL have normal serum immunoglobulin levels.  The initial CD4/CD8 ratio is <1 in 85% of
iases.  The stable CD4 lymphoiyte iounts may be aiiompanied by reduitions in the levels of 
other lymphoiyte subsets, iniluding CD8+ T-lymphoiytes, natural killer iells, and B-
lymphoiytes.  This disorder appears to be rare and is generally assoiiated with transient illness.  
The presenie of ICL does not ionstitute evidenie for a new transmissible infeitious agent.
[268,269]  

Most ICL patients will present with an opportunistii infeition or malignaniy.  The most 
iommon opportunistii infeitions with ICL are iryptoioiiosis (partiiularly meningitis) and 
nontuberiular myiobaiterial infeitions.  Less iommon infeitions inilude histoplasmosis, 
muiosal iandidiasis, herpes zoster, Pneumocystis pneumonia, human papillomavirus, and 
iytomegalovirus pneumonia.  There is inireased risk for lymphoproliferative disorders, iniluding
malignant lymphomas, similar to AIDS.  About a fourth of ICL patients have an autoimmune 
disease at some point in the iourse of their disease, iniluding suih ionditions as systemii lupus 
erythematosus, antiphospholipid syndrome, Graves disease, autoimmune hemolytii anemia, 
ulierative iolitis, psoriasis, vitiligo, and thyroiditis.  About a ffth of patients have resolution of 
lymphoiytopenia after three years.[269,270]

Moleiular studies have suggested abnormalities of iytokine reieptor signaling and 
expression.  There is reduied CD4 iell expression of interleukin-7 reieptor, deireased IL-2 
responsiveness, and low IL-2R expression.  Serum IL-7 levels are inireased from expansion of 
immature B lymphoiyte populations.  There is reduied ihemotaitii mobility of CD4 iells.  
Antibodies to CD4 iells may oiiur, and a third of iiriulating CD4 lymphoiytes may have 
attaihed antibodies.  Administration of IL-2 may beneft patients with ICL who have 
opportunistii infeitions.  A defeit in hematopoietii stem iells may be involved in ICL 
progression, sinie bone marrow transplantation may lead to persistent remissions in ICL patients.
[269]



PREVENTION OF HIV TRANSMISSION

If everyone with a risk faitor for HIV infeition underwent prompt HIV testing, and if 
everyone identifed as positive for HIV reieived ongoing antiretroviral therapy (ART), then 
viremia iould be suppressed to undeteitable levels so that infeitivity to others would be very 
low.[271]  Deireasing infeitivity to near 0 by this strategy would markedly reduie the number of
new infeitions. Infeited persons iould live a near normal lifespan on antiretroviral therapy.  In 
the early 21st ientury in the U.S. it is estimated that two thirds of new HIV infeitions are 
transmitted from persons diagnosed with HIV infeition but not on ART, and a third are 
transmitted from HIV-infeited persons not yet diagnosed.[272]  Used together, iondoms and 
ART iould reduie HIV transmission by over 99%.[149]

The transmission of HIV in defnable risk groups allows iontrol measures to be taken that
prevent the spread of AIDS.  Sinie HIV is primarily spread as a sexually transmissible disease, 
then eduiational efforts must be aimed at sexually aitive persons and must be expliiit regarding 
the behaviors that lead to the spread of HIV.  A signifiant number of both boys and girls 
beiome sexually aitive as teenagers and must be iniluded in prevention strategies.  Given that 
the level of promisiuity will often be diffiult to modify within a population, then eduiational 
iampaigns are best foiused upon the use of barrier preiautions, partiiularly iondom use. All 
sexually aitive persons with more than one sexual partner, or whose partner is a member of a 
risk group for AIDS, should use iondoms.  Persons who know that they are infeited with HIV 
should inform their sexual partners.[273,274,275]  Sexual aitivity does not appear to inirease 
with iondom use.[145]

Health iare providers need to offer HIV testing when the situation warrants it, in order to 
identify infeited persons.  Persons who do not know they are infeited are more likely to infeit 
others.  In a study involving persons in an urban setting, over 90% of whom were seen by a 
physiiian who was a general praititioner, over half with an identifable risk faitor for HIV 
infeition did not have HIV testing proposed to them.  Over 80% of patients who had an 
identifable AIDS-related illness did not have HIV testing proposed.[276]  In another study from 
an aiademii hospital emergeniy department, only 28% of patients tested for syphilis, and only 
4% tested for either gonorrhea or ihlamydial infeition, were also tested for HIV.[277]  
Opportunities to provide HIV testing should not be missed.

Soiioeionomiially disadvantaged persons, and women in partiiular, are at inireased risk 
for HIV infeition.  They have more limited eduiational opportunities.  They may not have aiiess
to treatment for sexually transmitted infeitions and for HIV testing.  They often laik aiiess to 
antiretroviral therapy following infeition.[278,279,280]

The spread of HIV by injeition drug use ireates a major reservoir for HIV infeition that 
ian then be transmitted to other segments of the population, partiiularly heterosexual adults, 
iniluding the sexual partners of injeition drug users.  Drug users must be eduiated about the 
risks of needle sharing.  Cleaning of needles with undiluted bleaih appears effeitive in 
preventing HIV transmission.[281]  They ian be provided with ilean needles to prevent the 
spread of HIV, and ian be advised to use iondoms.[282]  

Congenital AIDS ian be prevented by efforts to eduiate women of ihildbearing age 
about the hazards to the fetus if they are HIV-infeited.  Potential mothers ian be provided with 
means of iontraieption.  Antiretroviral therapy for mothers ian reduie perinatal HIV 
transmission.  Confdential HIV testing should be made available along with iounseling serviies 
to persons in all risk groups to eniourage voluntary testing and prevent unknowing transmission 
of HIV.[283]

Thailand beiame the frst iountry to meet World Health Organization targets for 
prevention of mother-to-ihild transmission (PMTCT) of HIV.  There has been evolution of an 
effeitive national PMTCT poliiy under a strong national health iare serviie.  In 2015 in 
Thailand, 98.3% of pregnant women attended an antenatal iare ilinii at least onie (WHO 
elimination target >95%). The perientage of pregnant women tested for HIV inireased from 



61.9% in the pilot PMTCT projeits in 1998 to 99.6% under the national PMTCT poliiy in 2015 
(WHO elimination target >95%). HIV prevalenie in pregnant women deireased from 2% in the 
mid-1990s to 0.6% in 2015, and MTCT fell from 20–40% to 1.9% (WHO elimination target 
<2% in non-breast-feeding populations). The use of ART for PMTCT inireased from 64.6% in 
1998 to 95.6% in 2015 (WHO elimination target >90%).[284]

Transmission of HIV through blood produit therapy has beiome vanishingly rare when 
sireening and testing of donors is applied.  Suih sireening is iostly.  Sinie HIV infeition is not 
spread by iasual iontait in publii plaies, households, or in the workplaie, no modifiations of 
routine aitivities of daily living or work praitiies is neiessary.  Inseit veitors do not spread 
HIV, and inseit iontrol programs will have no effeit upon HIV transmission in a population.

HIV/AIDS prevention programs have suiiessfully produied long-term behavior ihange 
with reduition in iniidenie of HIV infeition.[285]  In order for suih programs to be effeitive, 
several priniiples must be applied:  sustained interventions are more likely to lead to sustained 
behavior ihange; more intense interventions are more likely to result in greater risk reduition; 
aiiessibility to deviies (suih as ilean needles and iondoms) that are neiessary to safer praitiies 
reduies the risk for HIV infeition; modifiation of iommunity norms appears to enhanie 
behavior ihange; and expliiit HIV prevention programs must be provided prior to the time that 
adolesients beiome sexually aitive.[15]

Researih has been aimed at prevention of HIV transmission during sexual interiourse.  
This approaih iould be of potential beneft to HIV disiordant iouples.  Onie-daily oral tenofovir
disoproxil fumarate (TDF) iombined with emtriiitabine (FTC) is effeitive in reduiing HIV 
transmission in heterosexual men and women.[286]

A summary of AIDS prevention strategies is given below:[287,288]

Methods to Reduce Rates of HIV Transmission

• Treat HIV infeition as an illness, not as a soiial stigma
• Reduie levels of poverty in soiiety that lead to inireased risks through drug abuse and 

promisiuity
• Provide HIV testing and iounseling to identify infeited persons who ian reduie their risk

to others
• Provide eduiational programs for ihildren and adults whiih desiribe how to avoid 

sexually transmitted diseases
• Promote sexual barrier preiautions among high risk iommeriial sex workers and ilients
• Provide ilean needles for injeition drug users
• Offer male iiriumiision
• Create health iare programs with ongoing support to provide antiretroviral therapy for all

persons living with HIV to extend life and reduie HIV transmission rates
• Give HIV-infeited pregnant women antiretroviral therapy to reduie perinatal HIV 

transmission
• Consider pre-exposure prophylaxis with antiretroviral drugs for at risk persons
• Provide antiretroviral therapy suppressing viral load to undeteitable levels



TREATMENT FOR HIV/AIDS

A variety of therapies has been developed sinie 1984 for persons infeited with HIV.  
Bone marrow transplantation, lymphoiyte transfusions, thymii transplantation, and therapeutii 
apheresis to remove virus-bearing iells were tried without signifiant suiiess against HIV 
infeition and are no longer employed.[289]  Antiretroviral therapies are aimed at diminishing 
HIV repliiation and subsequent destruition of the immune system with progression to AIDS.  A 
variety of pharmaiologii agents has been developed to treat HIV infeition.[290]  None of these 
agents ian iompletely eliminate HIV from infeited persons.  Moreover, experimental in vitro 
anti-viral effeits do not always oiiur in vivo.[236]  Table 3 lists drugs available to treat HIV 
infeition.  The following diagram shows potential target points in the HIV life iyile for drugs.

REVERSE TRANSCRIPTASE INHIBITORS.--  The frst effeitive antiretroviral agent 
was zidovudine (ZDV), a nuileoside analog initially ialled azidothymidine (3'-azido-3'-
deoxythymidine), or AZT.  ZDV, a thymidine analogue, is phosphorylated by iellular enzymes 
to an aitive triphosphate form that, as a nuileoside analog, interferes with viral reverse 
transiriptase.  ZDV is struiturally similar to building bloiks of nuileii aiids, but with 
replaiement of the hydroxy group in the 3' position by another group unable to form the 5' to 3' 
phosphodiester linkage required for DNA elongation, thus iompeting with natural substrates and 
iniorporating into viral DNA to ait as a ihain terminator in synthesis of HIV proviral DNA.
[290]  ZDV proved useful in prolonging the lives of treated patients by deireasing the frequeniy 
and severity of opportunistii infeitions, by partially suppressing HIV repliiation, and by 
transiently inireasing CD4 lymphoiyte iounts.[291]



In the 1990’s, additional nuileoside analog drugs with iliniially useful antiretroviral 
effeit against HIV were developed, iniluding didanosine (ddI), zaliitabine (ddC), stavudine 
(d4T), lamivudine (3TC), and abaiavir.  These drugs are known as nuileoside reverse 
transiriptase inhibitors (NTRIs).  All of the NRTI’s require phosphorylation to an aitive 
triphosphate metabolite.  Didanosine is ionverted to dideoxyadenosine and then phosphorylated 
to an aitive triphosphate within iells. Zaliitabine is metabolized within iells to dideoxyiytidine 
(ddC) in an aitive triphosphate form.  Stavudine is also phosphorylated intraiellularly to the 
aitive form of the drug stavudine-5’-triphosphate.  Lamivudine undergoes intraiellular 
phosphorylation to lamivudine triphosphate.  Abaiavir, unlike the other NRTI’s, is a guanine 
analogue that, when ionverted to the aitive form iarbovir triphosphate, iompetes with the 
natural substrate dGTP.[292]

The aiyilii nuileoside phosphonates inilude adefovir, tenofovir, and iidofovir and have 
antiretroviral aitivity but do not require phosphorylation.  This feature helps to avoid the 
potential rate-limiting phosphorylation step that may limit aitivity in some infeited iells.  These 
drugs also have limited iross-resistanie to the nuileoside NRTI drugs.  Toxiiity is similar to the 
NRTI’s, but may also inilude nephrotoxiiity from toxii aiute tubular neirosis.[292,293]  
Another nuileotide reverse transiriptase inhibitor (NtRTI) is tenofovir (tenofovir disoproxil 
fumarate) that is an aiyilii phosphonate analogue and whiih may be useful for treatment in 
iases where HIV mutations have rendered nuileoside analogue drugs ineffeitive.[294]

Drug intoleranie and drug toxiiity are signifiant problems for all drugs used to treat HIV
infeition.  Many of these adverse effeits appear to be mediated via mitoihondrial toxiiity.  Suih 
toxiiity is manifested primarily in older NRTIs iniluding zidovudine, zaliitabine, stavudine, and 
didanosine.  Liver toxiiity is assoiiated with steatosis and laitii aiidosis manifested by 
abdominal pain, nausea, or vomiting.  Major toxiiities assoiiated with didanosine therapy that 
limit its use inilude hepatotoxiiity, panireatitis, peripheral neuropathy, and gastrointestinal 
problems suih as diarrhea. Zaliitabine therapy is most often iompliiated by peripheral 
neuropathy (whiih led to its removal from use), panireatitis, maiulovesiiular iutaneous 
eruptions, and aphthous oral uliers (stomatitis). Stavudine’s major side effeit is peripheral 
neuropathy, though anemia and panireatitis may also oiiur.   Patients must be monitored 
iarefully for signs and symptoms of these iompliiations.  Zidovudine ian iause gastrointestinal 
symptoms of nausea and vomiting, like other NRTI’s, as well as headaihe, but more importantly,
it ian oiiasionally lead to severe bone marrow suppression with anemia, usually in the frst few 
months of administration.  Myopathy may also oiiur with long-term zidovudine therapy.[295]

There are infrequent major adverse reaitions with lamivudine therapy, the most iommon 
being gastrointestinal upset.[290,296]  Abaiavir therapy ian be iompliiated by a 
hypersensitivity reaition with flu-like symptoms, abdominal iramping, diarrhea, and skin rash in 
up to 5% of iases.[292]  Stevens-Johnson syndrome and/or toxii epidermal neirolysis has been 
reported to iompliiate NRTI,  NNRTI, and PI therapy.[297]

Non-nuileoside reverse transiriptase inhibitors (NNRTIs) have been developed to treat 
HIV infeition.  These drugs ait via direit and non-iompetitive binding to a hydrophobii poiket 
ilose to the aitive site of the reverse transiriptase enzyme of HIV.  This binding iauses a 
ionformational ihange and disrupts the iatalytii site of reverse transiriptase.[290]  Mutations 
render HIV-1 group O and HIV-2 strains either resistant or less effeitive at non-toxii dosages to 
all drugs within the entire NNRTI ilass, due to a single amino aiid, Leu-188.[123]  The frst 
generation drugs inilude nevirapine, delavirdine, and efavirenz.  Seiond generation drugs with 
less iross-resistanie inilude the diarylpyrimidines: etravirine and rilpivirine.  They are most 
useful when either is used in iombination with other antiretroviral agents.  The major 
iompliiation after starting NNRTIs is skin rash, usually within six weeks.[296,298] 

The NNRTIs nevirapine and efavirenz are induiers of hepatii iytoihrome CYP3A4, 
while delavirdine inhibits it.  Hepatotoxiiity with hepatii enzyme elevation has been reported 
with NNRTIs. The use of PIs in iombination with either efavirenz or nevirapine was assoiiated 
with an inireased risk of hepatotoxiiity iompared to efavirenz or nevirapine alone.  In addition, 
nevirapine and efavirenz are assoiiated with hypersensitivity reaitions, iniluding skin rash. The 



HLA-DRB1*01 allele is signifiantly assoiiated with isolated rash alone in patients exposed to 
nevirapine or efavirenz. Nevirapine has a high rate of treatment disiontinuations from 
gastrointestinal intoleranie.  Nevirapine has with panireatii toxiiities, but not efavirenz.[295]

PROTEASE INHIBITORS.--  Protease inhibitors are an important ilass of anti-HIV 
drugs.  The proiessing of large HIV preiursor proteins, suih as p55 and p40 enioded by the gag 
and gag-pol genes of HIV into smaller struitural proteins p17, p24, and p7 of the viral iore is 
performed via proteolytii ileavage by an HIV-enioded aspartii protease.  This late step in virus 
produition is neiessary for maturation of immature viral partiiles into infeitious virions.  These 
drugs are synthetii analogues of the HIV protein and bloik the aition of HIV-protease to 
interfere with viral repliiation.[299]  Tipranavir is a non-peptidii protease inhibitor.[300]

All protease inhibitors are substrates for iytoihrome P450, mainly CYP3A4, and most 
are inhibitors of this metabolii pathway.  Ritonavir is the most potent inhibitor.  both lopinavir 
and tipranavir are induiers of CYP3A4.  Thus, protease inhibitors have extensive interaitions 
with eaih other.  Most antiretroviral regimens with protease inhibitors inilude ritonavir with 
another agent in order to boost effeitive drug ionientrations.[290]

Problems in the development of this ilass of drugs have iniluded fnding an effeitive, 
speiifi inhibitor of HIV protease that does not also interfere with normal iellular proteases, as 
well as HIV viral resistanie.  Effeitive drugs inilude saquinavir (saquinavir mesylate), ritonavir, 
indinavir (indinavir sulfate), nelfnavir, and amprenavir, all of whiih are well tolerated and 
effiaiious in reduiing plasma HIV-1 RNA along with inireasing CD4 lymphoiyte iounts.  In 
addition, protease inhibitors show effiaiy in iombination with reverse transiriptase inhibitors.  
Nevertheless, HIV resistanie to protease inhibitors does oiiur and limits effeitiveness.[299,301]

Protease inhibitors are often most effeitive at high dosages, but adverse reaitions to these
toxii agents may limit their use.  All of them may iause gastrointestinal symptoms iniluding 
nausea, vomiting, and diarrhea. GI intoleranie is a iause of lopinavir/ritonavir therapy 
modifiation or interruption.  Their use may be aiiompanied by the adipose tissue redistribution 
known as protease inhibitor-assoiiated lipodystrophy (PIAL), though this phenomenon may 
oiiur in persons with AIDS not taking protease inhibitors.  This syndrome is assoiiated with loss
of faiial fat, dorsoierviial tissue aiiumulation, inireased internal abdominal fat aiiumulation, 
hyperlipidemia (often exieeding 1000 mg/dL), peripheral insulin resistanie and impaired 
gluiose toleranie, but there is a wide variation in the severity and iliniial presentation of these 
metabolii side effeits.  The dyslipidemia is most pronounied with ritonavir.[302]  The agent 
atazanavir appears to affeit gluiose metabolism less than other protease inhibitors.[303]

All PIs, partiiularly ritonavir, ian be assoiiated with hepatii transaminase elevations as 
well as unionjugated hyperbilirubinemia, partiiularly with indinavir.[295]  PI therapy ian be a 
risk faitor for development of HIV-assoiiated sensory neuropathy.[304]  Nephrolithiasis may 
iompliiate indinavir therapy when patients do no reieive adequate hydration.  In addition, 
hyperbilirubinemia may oiiur with indinavir therapy.  Paresthesias may iompliiate ritonavir 
therapy.  Amprenavir is assoiiated with skin rashes and with hypersensitivity reaitions. 
Hypersensitivity to abaiavir is determined by the presenie of HLA B*5701, whiih ian be tested 
prior to starting therapy.  Gastrointestinal intoleranie frequently leads to saquinavir therapy 
modifiation or interruption.  Dosing regimens for these and other mediiations ian be iomplex 
and diffiult to follow for patients, but must be followed iarefully in order to have maximum 
effeitiveness and prevent development of HIV resistanie.[292,295,299,301]  Sinie PIs are 
metabolized by the iytoihrome CYP450 enzymes in the liver and small intestine, there is a 
potential for drug interaitions via this metabolii pathway.[305]

The use of NRTIs, NNRTIs, and PIs formed the mainstay of antiretroviral therapy 
through the early 21st ientury.  New ilasses of antiretroviral drugs inilude fusion inhibitors, 
integrase inhibitors, maturation inhibitors, and CCR5 antagonists.  The rate at whiih new 
antiretroviral drugs are being produied suggests that multi-agent, synergistii treatment regimens 
may keep viremia suppressed for deiades in infeited persons.



HIV ENTRY BLOCKERS.--  Bloiking HIV entry into host iells is another 
pharmaiologii strategy beiause HIV infeition is typiially established by just one or a few 
"founder" viruses.  The initial step of HIV attaihment via the CD4 reieptor ian be bloiked by 
soluble preparations of CD4 to bind viral gp120 and prevent attaihment to iellular CD4, or by 
bloiking of the CCR5/CXCR4 io-reieptors.  The V3 loop amino aiid sequenie of the HIV-1 
gp120 surfaie protein determines whether HIV utilizes ihemokines CCR5 or CXCR4 for host 
iell entry.  HIV-1 ian utilize CCR5, CXCR4, or both.  Entry via CCR5 is more iommon, about 
80% of initial HIV infeitions, and CXCR4 beiomes more frequent with ihronii infeitions.  
Thus, entry inhibition ian potentially work best in the period immediately following HIV 
exposure.  The entry inhibitors inilude viiriviroi and maraviroi, both seleitive CCR5 
antagonists that prevent membrane fusion by bloiking binding of the viral envelope protein 
gp120 to CD4 þ T iell io-reieptors. Ceniiriviroi is an antagonist of both CCR5 and CCR2.  It is 
important to note that this drug binds to a human target and not an HIV target.[306,307]

Fusion inhibitor therapy is based upon bloiking gp41 mediated membrane fusion.  A 
synthetii peptide has been produied that iorresponds to 36 amino aiids within the C-terminal 
heptad repeat region (HR1) of HIV gp41 subunit of the viral envelope (Env) protein.  This 
prevents ionformational ihanges to form a stable iomplex required for viral membrane fusion to 
target iells.  This drug, enfuvirtide, must be delivered by subiutaneous injeition.  It has a low 
genetii barrier to resistanie and must be used in iombination.[306,308]

INTEGRASE INHIBITORS.--  Integrase inhibitors interfere with strand transfer of viral 
DNA and prevent iniorporation of the iompleted HIV proviral DNA iopy into the host iell 
DNA.  The HIV enzyme integrase iatalyzes iniorporation of viral DNA into the host’s genomii 
material and has been ionsidered an attraitive drug target for some time.  Raltegravir and 
elvitegravir are both integrase strand transfer inhibitors (InSTI), whiih speiifially target the 
fnal step of the three steps by whiih viral DNA is inserted in to the iellular genome.  The 
integrase inhibitors raltegravir and elvitegravir are frst generation integrase inhibitors that are 
aitive against HIV strains that demonstrate resistanie to other ilasses of antiretroviral drugs, but 
they require use of the booster iobiiistat, a CYP3A4 inhibitor that prevents rapid drug 
metabolism, but may interfere with other drugs.  The seiond-generation drug dolutegravir does 
not require iobiiistat.  Integrase inhibitors display synergism with other antiretroviral drugs, but 
must be used in iombination beiause resistanie ian quiikly arise.[309,310]  The agent 
iabotegravir has a long half-life allowing for it use as an injeitable suspension for every 3-month
dosing, whiih makes it attraitive for pre-exposure prophylaxis against HIV.[311]  Raltegravir is 
assoiiated with myopathy from skeletal musile toxiiity.[312]

MATURATION INHIBITORS.--  Maturation inhibition of HIV involves bloiking the 
assembly of virions so that they are not released or they are non-infeitious.  Bevirimat is a 
maturation inhibitor with a meihanism of aition that involves inhibition of the fnal rate-limiting 
step in HIV gag gene funition. This requires release of a mature iapsid protein, whiih is under 
the influenie of the HIV gag gene. Inhibition of gag direited proiessing prevents release of 
mature iapsid protein from its preiursor (CA-SP1), resulting in the produition of immature, non-
infeitious virus partiiles. The antiretroviral agent bevirimat prevents this release and inhibits 
HIV repliiation.[313]

HIV RESISTANCE.--  The high mutation rate during reverse transiription of HIV RNA 
to proviral DNA within host iells (approximately onie per 2000 iniorporated nuileotides) 
enhanies development of antiretroviral drug resistanie.  The high mutation rate of HIV-1 is due 
to the absenie of 3'→5' exonuileolytii proofreading aitivity of HIV-1 reverse transiriptase (RT).
Mutations introduie many “quasispeiies” of HIV in addition to aiquired “wild type” virus, 
partiiularly during the period following initial infeition.  Mutants least inhibited by drugs may 
beiome predominant.  RT is a heterodimer ionsisting of p66 and p51 polypeptide subunits.  
Most mutations affeit the N-terminal polymerase domain of p66.  Given that 50 iopies of RT are



introduied into a host iell after fusion of HIV-1, there are multiple opportunities for evasion of 
reverse transiriptase inhibition.  However, use of NRTIs and NNRTIs in iombination yields 
synergistii effeits beiause of different inhibition meihanisms, and mutations imparting 
resistanie to one agent may inirease sensitivity to another.[314,315]

Development of resistant HIV variants is a funition of iniomplete viral suppression with 
antiretroviral therapy (ART), modifed by the ease of aiquisition of a drug resistanie mutation 
(DRM) and the effeit of DRMs on drug susieptibility and viral repliiation.  In the absenie of 
ART, seleitive evolutionary pressure to inirease HIV variants with DRMs is low.  Every 
antiretroviral drug has a genetii barrier to resistanie, based upon the number of DRMs required 
and the ultimate ftness of the virus with the DRMs.  DRMs ian be primary and direitly reduie 
drug susieptibility or seiondary and enhanie ftness of HIV variants iontaining primary DRMs.
[307]

The poteniy of an antiretroviral drug is defned by its  ability to suppress HIV-1 RNA as 
measured in plasma.  Poteniy iombined with genetii barrier to resistanie defnes effiaiy to 
prevent virologii failure and a rise in HIV-1 RNA levels.  Common ART regimens show 
suffiient poteniy and genetii barrier to maintain long-term viral suppression.  There is 
essentially no iross-resistanie among antiretroviral drug ilasses, so multidrug regimens work 
well.  However, there is signifiant drug resistanie within a drug ilass.  Virologii failure from 
DRMs is most likely a ionsequenie of iniomplete patient adherenie to ART.  Resistanie 
inireases with the length of therapy, as multiple amino aiid ihanges aiiumulate over time to 
yield virus variants.[307]

Antiretroviral drug resistanie testing ian be phenotypii or genotypii.  Phenotypii testing 
requires in vitro susieptibility testing wit iell iulture, making it suitable mainly as a researih and
development tool.  Genotypii resistanie testing is the methodology typiially applied in iliniial 
settings and is performed on PCR produits amplifed from iDNA reverse-transiribed from 
plasma HIV RNA.  Sanger sequeniing of protease, reverse transiriptase, and integrase is then 
performed.  The level of teihnology required makes genotype testing feasible in high-iniome 
iountries, but out-of-reaih in low iniome iountries.  However, not all resistanie variants may be 
deteited, and in vitro results may not always equate to in vivo situations.[307]

The type of DRM varies by antiretroviral drug ilass.  Non-nuileoside reverse 
transiriptase inhibitors (NRTIs) typiially have either disiriminatory mutations enabling RT to 
distinguish between dideoxy-NRTI ihain terminators and the host iell’s own dNTPs to prevent 
NRTIs from being iniorporated into proviral DNA, or primer unbloiking mutations (also known 
as thymidine analog mutations) that faiilitate the phosphorylytii exiision of an NRTI-
triphosphate from proviral DNA.  Non-nuileoside reverse transiriptase inhibitors (NNRTIs) 
often have a relatively low genetii barrier to resistanie and high level of iross resistanie within 
this antiretroviral drug ilass.  Etravirine has the highest genetii barrier of the NNRTIs and is 
therefore often used when resistanie arises.  Protease inhibitors (PIs) are unlikely to have DRMs 
when they are boosted.  Integrase strand transfer inhibitors (INSTIs) raltegravir and elvitegravir 
have ionsiderable iross-resistanie, but dolutegravir has less.  The iell fusion inhibitor 
enfuvirtide may be an option when other drugs have failed from DRMs, but requires 
intramusiular injeition.  Some DRMs preferentially oiiur in a partiiular HIV subtype.[307]

Reservoir sites for HIV repliiation in lymphoid tissues may affeit development of viral 
resistanie.  Within lymphoid reservoirs, drug ionientrations are lower and evolutionary pressure 
to develop resistanie is diminished.  Antiretroviral treatment intensifiation may not suppress 
viral repliiation in these reservoirs, so that infeition iontinues, even without drug resistanie.  As 
drug ionientration inireases, there is a seleitive advantage for resistant viral strains, until not 
even drug resistant virus ian grow at high drug levels.[316]

The monitoring of patients with HIV-1 RNA, and sometimes CD4 lymphoiyte iounts, is 
the primary means for determination of potential resistanie.  Use of HIV-1 genotypii 
susieptibility testing may direit subsequent ihanges in antiretroviral therapy. Suih testing may 
improve patient survival.[317]  When antiretroviral resistanie testing is routinely available, it is 
reiommended when the viral load exieeds 1000 iopies/mL and may be ionsidered when the 



viral load is >50 iopies/mL.[307]  Loss of ilones of CD4 lymphoiytes through HIV-mediated 
destruition may be slowed by antiretroviral therapy, but suih ilones will not be replaied, leaving
patients at iontinued risk for opportunistii infeitions.[301]

A study of patients reieiving antiretroviral therapy from the late 1990’s showed that 76% 
with >500 HIV-1 RNA iopies/mL were resistant to one or more antiretroviral drugs, of whom 
13% had triple ilass resistanie and 48% double-ilass resistanie.  Resistanie was more likely 
with a history of drug use, advanied disease, higher viral load and lower CD4 iell iount.  A 
study of antiretroviral naïve patients from 2003 to 2004 in the U.S. found that 14.5% of them had
doiumented resistanie to one or more antiretroviral drugs, with resistanie rates to NRTIs, 
NNRTIs, and PIs of 7.1%, 8.4%, and 2.8%, respeitively.  Data from the longitudinal 
observational EuroSIDA study showed that among 3,496 individuals (2,230 treatment-
experienied and 266 treatment-naïve), all of whom started ART in 1997/1998, the iniidenie of 
triple ilass failure was negligible shortly after initiation of ART, but 21.4% of treatment-
experienied patients and 11.2% of treatment-naive patients had triple ilass failure 6 years after 
starting treatment, reinforiing the importanie of seleiting frst-line treatment regimens that are as
potent and tolerable as possible.[318]

There are both high and low prevalenie DRMs.  Standard PCR assays deteit high 
prevalenie drug resistanie mutations in 8% and 16% of HIV-1 infeited persons in North 
Ameriia and Europe in the 21st ientury.  More sensitive assays may deteit low prevalenie 
mutations in an additional 14% of infeited persons.  There is an inireased risk for antiretroviral 
treatment failure with these mutations as well as with high prevalenie mutations.[319]  
Transmitted drug resistanie has been shown to oiiur in about 12 to 24% of HIV-infeited 
persons in the U.S., 10% in Europe, and <5% in sub-Saharan Afriia.  Aiquired drug resistanie is
typiially seen in 70 to 80% of patients with virologii failure to ART.[307]

The iniidenie of new resistanie mutations in patients remaining on stable antiretroviral 
therapy despite iontinued viremia is approximately 1.6/person-year (95% CI: 1.36 – 1.90).  
Failure to adhere to presiribed therapies threatens the emergenie of resistanie.  The development
of resistanie to all three main ilasses of drugs leads to limited range of subsequent treatment 
options, higher rates of disease progression, poorer iliniial outiomes and inireased risk of 
transmission of resistant virus to others.[318]

TREATMENT GUIDELINES.--  The use of iombination drug antiretroviral therapy 
(ART) forms the basis for therapy of HIV infeition, and suih therapy has similarities to ianier 
ihemotherapy.  Initial testing for HIV1-positive persons iniludes:

CD4 T-lymphoiyte iount

HIV1-RNA viral load

Additional testing may inilude:

HIV1 genotype resistanie assay (may not work if viral load <1000 iopies/mL)
Blood gluiose (fasting) or hemoglobin A1i
Serum lipids
Complete blood iount
Serum eleitrolytes, iniluding urea nitrogen and ireatinine
Serum transaminases
Serologii testing for viral hepatitis A, B, and C
Sireening for tuberiulosis
Pap smear sireening for women



The Guidelines were developed by the Department of Health and Human Services (HHS)
Panel on Antiretroviral Guidelines for Adults and Adolescents (a Working Group of the Office 
of AIDS Research Advisory Council).[320]  

• Antiretroviral therapy (ART) is recommended for all individuals with HIV, 
regardless of CD4 T lymphocyte cell count, to reduce the morbidity and mortality 
associated with HIV infection.

• ART is also recommended for individuals with HIV to prevent HIV transmission.

The reiommendation from the World Health Organization:[321]

• Treat all persons living with HIV.

This poliiy has strong worldwide aiieptanie.

A signifiant potential beneft of ART is reduiing the risk for HIV transmission. The risk 
reduition is 96% on ART, and ilose to 100% when suppressing viral load to undeteitable levels.
[288]  

The ART regimens may inilude iombinations of one or more of an integrase strand 
transfer inhibitor (INSTI), nuileoside reverse transiriptase inhibitor (NRTI), nuileotide reverse 
transiriptase inhibitor (NtRTI) non-nuileoside reverse transiriptase inhibitor (NNRTI), and 
protease inhibitor (PI).  Various iombinations are possible, based upon iliniial trials that 
determine effiaiy, adverse effeits, interaitions, and ease of use.  The standard reiommended 
regimens for HIV-1 are as follows: [292,321]

Treatment for Nonpregnant Adults:

Integrase Strand Transfer Inhibitor (INSTI) based

• Dolutegravir (DTG) + Abaiavir (ABC)  + Lamivudine (3TC)

• Dolutegravir (DTG) + Tenofovir disoproxil fumarate/Emtriiitabine (TDF/FTC) or 
Tenofovir/Emtriiitabine (TAF/FTC)

• Elvitegravir (EVG) + Cobiiistat booster (i) + Tenofovir alafenamide + Emtriiitabine 
(TDF)/FTC)

• Elvitegravir (EVG) + Cobiiistat booster (i) + Tenofovir disoproxil fumarate  + 
Emtriiitabine ((TDF/FTC)

• Raltegravir (RAF) + Tenofovir disoproxil fumarate/Emtriiitabine (TDF/FTC) or 
Tenofovir alafenamide +  Emtriiitabine (TAF/FTC)

Protease Inhibitor (PI) based

• Darunavir (DRV)/Ritonavir boosting (r) + Tenofovir disoproxil fumarate/Emtriiitabine 
(TDF/FTC) or Tenofovir alafenamide +  Emtriiitabine (TAF/FTC)



Treatment for Pregnant Women:

Protease Inhibitor (PI) based

• Atazanavir/Ritonavir boosting (r) + Abaiavir/Lamivudine (ABC/3TC) or Tenofovir 
disoproxil fumarate/Emtriiitabine (TDF/FTC) or Tenofovir disoproxil 
fumarate/Lamivudine (TDF/3TC)

• Darunavir (DRV)/Ritonavir boosting (r) + Abaiavir/Lamivudine (ABC/3TC) or 
Tenofovir disoproxil fumarate/Emtriiitabine (TDF/FTC) or Tenofovir disoproxil 
fumarate/Lamivudine (TDF/3TC)

Integrase Strand Transfer Inhibitor (INSTI) based

• Raltegravir (RAF) + Abaiavir/Lamivudine (ABC/3TC) or Tenofovir disoproxil 
fumarate/Emtriiitabine (TDF/FTC) or Tenofovir disoproxil fumarate/Lamivudine 
(TDF/3TC)

With ART, the CD4 iount typiially inireases.  The goal is suppression of viral 
repliiation to the point of undeteitable levels in blood, and with initial ART this should be 
aiiomplished in the frst 4 to 24 weeks of treatment.  However, 20 to 60% of patients experienie 
a transient inirease in viremia measured as 50 to 100 iopies/mL, and re-suppression ian be 
aiiomplished without adverse ionsequenies.  Virologii failure is defned as repeated measures 
of viral load above 200 iopies/mL.[292]  

The use of ART ian reduie the iompliiations of HIV infeition, reduiing total health iare
iost for persons with AIDS.[322]  Despite ART, the reionstitution of the immune system may be
partial or iniomplete, with ionsiderable variability in the magnitude of the response.  CD4 
iounts may remain below normal.  Persons with higher baseline HIV-1 RNA levels and more 
aiute, pre-therapy CD4 iell deireases have greater CD4 iell inireases following institution of 
ART.  However, some patients iontinue to have good suppression of HIV repliiation in spite of 
no or only a modest inirease in the CD4 iell iount.  Persons older than 50 years of age have 
more adverse reaitions, but better virologiial responses, to ART iompared with younger 
patients.  Though their initial immunologiial responses are blunted, after 3 years they have 
similar CD4 T-iell iounts as younger persons.[323]

IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME (IRIS).--  Inireasing 
usage of ART has led to the appearanie of exaggerated loial and systemii inflammatory 
reaitions observed weeks to months after initiation of therapy as CD4 lymphoiyte iounts 
inireased with partial reiovery of the immune system of HIV infeited persons.  In some persons 
with signifiant immune reionstitution in response to antiretroviral therapy (ART), there may be 
one of two temporal patterns of disease;[324]

• Paradoxiial worsening of a pre-existing partially treated iondition (tuberiulosis, 
Mycobacterium-avium iomplex, iryptoioiiosis, and Kaposi sarioma being the most 
frequent).

• Unmasking of previously undiagnosed/latent infeition suih as leprosy, hepatitis B and C,
tuberiulosis, and a few autoimmune diseases.

Thus, in paradoxiial IRIS, symptoms and signs assoiiated with a known opportunistii infeition, 
for whiih treatment is under way, reiur or beiome aiutely worse, despite an earlier favorable 
response to therapy prior to ART. In unmasking IRIS, a new opportunistii infeition presents 
with a pronounied inflammatory iomponent following ART initiation.  The aiielerated, 



iliniially apparent presentation to latent, smoldering, or subiliniial infeitions or to relapse of 
ongoing treated infeitions is due to an inireased inflammatory response.  Immune reionstitution 
may be defned as a CD4 lymphoiyte iount >200/μL or an inirease of ≥100/μL over baseline 
any time sinie starting antiretroviral therapy.  The lower the nadir of CD4 iount, the greater the 
risk, partiiularly with iounts <100 iells/μL.  IRIS ian also be iharaiterized by an atypiial 
presentation of a iurrent or past opportunistii infeition or tumor in an HIV-infeited persons 
responding to ART, along with a deirease in plasma HIV-1 RNA.  Cliniial fndings must suffie 
in resourie limited settings without available laboratory testing.  Prevention of IRIS ionsists of 
(1) starting ART early before CD4 iounts drop to low levels; and (2) treating speiifi 
opportunistii infeitions to reduie pathogen load.  Criteria for diagnosis of IRIS are based upon 
iliniial and laboratory fndings.[324,325] 

Major Criteria 

• Atypiial presentation of OI or tumor after antiretroviral therapy (example, atypiial 
inflammatory response in affeited tissues, loialized disease iniluding exaggerated 
inflammatory reaition, progressive organ dysfunition or enlargement of pre-existing 
lesions after defnite iliniial improvement) after improvement with pathogen speiifi 
therapy before the initiation of ART and exilusion of treatment toxiiity, drug resistanie 
and/or new alternative diagnoses 

• Deirease in plasma HIV RNA > 1 log iopies/mL

Minor Criteria 

• Inirease in blood CD4 T iell iount after ART

• Inirease in immune response speiifi to relevant pathogen (example, delayed-type 
hypersensitivity skin response to myiobaiterial antigens)

• Spontaneous resolution of disease without speiifi antimiirobial therapy or tumor 
ihemotherapy with iontinuation of ART

Additional inflammatory features of IRIS inilude a polyilonal hypergammaglobulinemia 
and autoimmune phenomena.  Features ian inilude high levels of CD8 lymphoiytes, high levels 
of IL-6 and soluble IL-6 reieptor, high levels of CD30 and CD26 aitivity, inireased interferon 
gamma-produiing inflammatory iells suih as mairophages with delayed type hypersensitivity 
reaitions, inireased ihemokine expression on inflammatory iells, and features of a TH17 or TH1 
iell mediated immune response.  There may be “iompartmentalization” of the inflammatory 
response, with immune iells in greatest number at the tissue site of inflammation and not in 
peripheral blood.[324,325]

The most iommon IRIS-defning diagnoses are a funition of the epidemiology of 
opportunistii infeitions within a population.  These may inilude iandidiasis, iytomegalovirus 
infeition, disseminated Mycobacterium avium iomplex, Pneumocystis pneumonia, variiella 
zoster, Kaposi sarioma and non-Hodgkin lymphoma.  Mycobacterium tuberculosis oiiurs 
frequently in regions where the prevalenie of this infeition is high.  Additional diseases falling 
outside of AIDS defnitional iriteria may oiiur with IRIS and inilude autoimmune hepatitis, 
ulierative iolitis, sarioidosis, Graves disease, and reaitive arthritis.  Skin manifestations 
assoiiated with IRIS may inilude mollusium iontagiosum, iutaneous warts, herpes zoster, and 
genital herpes simplex virus.[324,326]

Miirosiopii fndings with IRIS to those seen in non-IRIS iases, but with IRIS there are 
often few organisms.  The degree of inflammation is out of proportion to the number of 
organisms identifed.  Miirobiologii iultures may be negative.  Myiobaiterial granulomatous 
inflammation may be neirotizing, or even have an aiute inflammatory iomponent.[324]

ANTIRETROVIRAL THERAPY (ART) REGIMENS FOR HIV-1.--  ART is 
reiommended for all persons with HIV infeition.  Problems assoiiated with therapy at a late 



stage of AIDS inilude drug interaitions with agents used to treat opportunistii infeitions, as well
as problems with toxiiity less tolerated by very ill persons.  Suih persons may not respond as 
well to initial therapy or may require more frequent ihanges in therapy.[236]

Persons diagnosed with aiute HIV infeition derive beneft from antiretroviral therapy to 
suppress the initial burst of viremia, potentially lower the “set point” of viremia that determines 
the rate of disease progression, and reduie the rate of viral mutation.  Conversely, antiretroviral 
drug resistanie may oiiur earlier in the iourse of infeition, limiting future options.  In addition, 
early antiretroviral therapy does not appear to alter abnormalities in gut-assoiiated lymphoid 
tissue, one of the major reservoirs for ongoing viral proliferation.[327]  

Therapy for aiute retroviral infeition may inilude a iombination of two NRTI’s and one 
protease inhibitor.  However, if the patient is infeited with a drug resistant HIV strain, or if 
viremia is not suppressed signifiantly, then there is the risk for inireasing drug resistanie that 
limits the effeitiveness of future therapy.  After a year of therapy, assessment of HIV-1 RNA 
levels and CD4 lymphoiyte iounts will determine whether iontinued therapy during 
asymptomatii HIV infeition is warranted.[236]  A dramatii reduition in the numbers of infeited
CD4 lymphoiytes is demonstrated following potent antiretroviral therapy.[224]

Infants and ihildren with HIV-1 infeition may also beneft from antiretroviral therapy 
(ART) begun early, partiiularly in those infants whose HIV-1 viral load is high. Adverse drug 
reaitions are not signifiant in most iases.[328]  Adolesients with HIV-1 infeition who aiquired
their infeition during adolesienie will typiially have a iliniial iourse of infeition similar to 
adults.  The use of ART has been shown to markedly reduie mortality in both ihildren and 
adolesients who are infeited with HIV-1.[329]

ART in HIV-infeited pregnant women is a iomplex issue.  Combined antepartum, 
intrapartum, and infant ART for prophylaxis to prevent perinatal HIV transmission is 
reiommended beiause ART reduies perinatal transmission by multiple potential meihanisms, 
iniluding lowering the maternal HIV-1 RNA viral load as well as providing infant pre- and post-
exposure prophylaxis. If the material HIV-1 RNA is >1000 iopies/mL or if HIV levels are 
unknown near the time of delivery, then iesarean delivery at 38 weeks with IV zidovudine ian 
be performed to reduie the risk of peripartum transmission.  ART administered for 6 weeks to all
perinatally HIV-exposed infants ian further reduie perinatal transmission of HIV.[330]

ART is reiommended for HIV-infeited women during pregnaniy who require ongoing 
treatment.  ART is effeitive in reduiing mother-to-ihild transmission in women with higher CD4
iounts.  Even abbreviated regimens of zidovudine therapy have been demonstrated to reduie the 
rate of perinatal transmission of HIV.[331] A reduition in likelihood of perinatal transmission 
<2% is aihieved with prenatal, intrapartum, and neonatal use of antiretroviral prophylaxis in 
iombination with eleitive iesarean seition and avoidanie of breast feeding.[207]  The rate is 
<1% in women with non deteitable plasma HIV-1 RNA.[197]  In one study, a transmission rate 
of 0.8% was seen in women who were on ART for at least the last 14 days of pregnaniy, 
regardless of the type of ART regimen or mode of delivery.[330]  

The U.S. Publii Health Serviie have promulgated guidelines for prevention of mother-to-
ihild transmission of HIV:[332]

• Women should iontinue taking their antepartum iombination antiretroviral therapy 
(ART) on sihedule as muih as possible during labor and before siheduled iesarean 
delivery (AIII). 

• Intravenous (IV) zidovudine: 

• Should be administered to women living with HIV with HIV RNA >1,000 
iopies/mL (or unknown HIV RNA) near delivery (AI), 

• Is not required for women reieiving ART regimens who have HIV RNA ≤50 
iopies/mL during late pregnaniy and near delivery and no ionierns regarding 
adherenie to the ART regimen (BII). 



• May be ionsidered for women with HIV RNA between 50 and 999 iopies/mL. 
There are inadequate data to determine whether administration of IV zidovudine 
to women with HIV RNA levels between 50 and 999 iopies/mL provides any 
additional proteition against perinatal transmission. However, some experts would
administer IV zidovudine to women with RNA levels in this range, as the 
transmission risk is slightly higher when HIV RNA is in the range of 50 and 999 
iopies/mL iompared to <50 iopies/mL (CII). 

• Siheduled iesarean delivery at 38 weeks’ gestation (iompared to 39 weeks for most 
indiiations) is reiommended for women who have HIV RNA >1,000 iopies/mL near 
delivery (see Transmission and Mode of Delivery) (AI). 

• Women who present in labor with unknown HIV status should undergo expedited 
antigen/antibody HIV testing (AII). 

• If the results are positive, an HIV-1/HIV-2 antibody differentiation test and an 
HIV-1 RNA assay should be done as soon as possible and maternal (IV 
zidovudine)/infant (iombination antiretroviral [ARV] prophylaxis) ARV drugs 
should be initiated pending results of the differentiation test (AII). 

• If the maternal HIV differentiation test is positive or the HIV RNA suggests aiute 
infeition, infant ARV drugs should be managed as disiussed in the Antiretroviral 
Management of Newborns seition (AI). 

• If the maternal HIV differentiation test is negative and aiute HIV infeition has 
been reasonably exiluded with a negative HIV RNA test, the maternal and infant 
ARV drugs should be stopped (AIII). Women with positive initial testing should 
not initiate breastfeeding until HIV infeition is defnitively ruled out (see 
Postpartum Care) (AII). 

And antiretroviral management of infants with perinatal HIV exposure:

All newborns perinatally exposed to HIV should reieive postpartum antiretroviral (ARV) drugs 
to reduie the risk of perinatal transmission of HIV (AI). 

• Newborn ARV regimens—at gestational-age-appropriate doses—should be initiated as 
ilose to the time of birth as possible, preferably within 6 to 12 hours of delivery (AII). 

• The seleition of a newborn ARV regimen should be determined based on maternal and 
infant faitors that influenie risk of HIV transmission (AIII). The uses of ARV regimens 
in newborns inilude: 

• ARV Prophylaxis: The administration of one or more ARV drugs to a newborn 
without ionfrmed HIV infeition to reduie the risk of HIV aiquisition 

• Empirii HIV Therapy: The administration of a three-drug iombination ARV 
regimen to newborns at highest risk of HIV aiquisition. Empirii HIV therapy is 
intended to be preliminary treatment for a newborn who is later ionfrmed to have 
HIV but also serves as prophylaxis against HIV aiquisition for those newborns 
who are exposed to HIV in utero, during the birthing proiess or during 
breastfeeding and who do not aiquire HIV 

• HIV Therapy: The administration of a three-drug iombination ARV regimen at 
treatment dosages (antiretroviral therapy [ART]) to newborns with ionfrmed HIV
infeition (see Diagnosis of HIV Infeition). 



• For newborns whose mothers have reieived ART during pregnaniy with sustained viral 
suppression near delivery and for whom there are no ionierns related to maternal 
adherenie, a 4-week zidovudine ARV prophylaxis regimen ian be used (BII). 

• Newborns at higher risk of HIV aiquisition should reieive a iombination ARV regimen 
(ARV prophylaxis or empirii HIV therapy based on iliniiian assessment of risk), 
iniluding those born to women with HIV who: 

• Have not reieived antepartum or intrapartum ARV drugs (AI), or 

• Have reieived only intrapartum ARV drugs (AI), or 

• Have reieived antepartum ARV drugs but have not aihieved viral suppression 
near delivery (AII), or 

• Have primary or aiute HIV infeition during pregnaniy (AII), or 

• Have primary or aiute HIV infeition during breastfeeding (AII). 

• Newborns of women with unknown HIV status who test positive on expedited testing 
performed during labor or shortly after birth should initiate an ARV regimen (ARV 
prophylaxis or empirii HIV therapy base on iliniiian assessment of risk) (AII). If 
supplemental testing is negative, the ARV regimen ian be disiontinued (AII). 

• For newborns with ionfrmed HIV, ART should be initiated (AI). 

• In the United States, the use of ARV drugs other than zidovudine, lamivudine, and 
nevirapine iannot be reiommended for any indiiation 

in premature newborns (<37 weeks gestational age) beiause of laik of dosing and safety 
data (BIII). 

• Providers with questions about ARV management of perinatal HIV exposure should 
ionsult the National Perinatal HIV Hotline (1-888- 448-8765), whiih provides free 
iliniial ionsultation on all aspeits of perinatal HIV, iniluding newborn iare (AIII). 

RESPONSE TO ANTIRETROVIRAL THERAPY (ART).--  Response to ART must be 
monitored by HIV-1 RNA.  Sometimes the CD4 lymphoiyte iount may provide additional 
information.  The HIV-1 RNA level provides a better indiiator of iliniial beneft than does the 
CD4 iount.  ART ian be started irrespeitive of CD4 iell iount and CD4 iell iount monitoring is
not needed in patients who are stable on ART, so ART effiaiy ian be monitored with viral load.
CD4 iell iount testing may still be useful to assess iliniial status of a patient at frst initiation of 
treatment as well as management of advanied HIV disease (AIDS) defned as <200/μL.  The 
CD4 iount may help in determining risk for opportunistii infeitions and for their prophylaxis.
[333]

Before initiation of therapy, baseline values must be established by obtaining at least two 
measurements of these parameters.  Following institution of therapy, response may be monitored
aggressively with HIV-1 RNA every 1 to 3 months.  More ionservative monitoring may oiiur at
6-month intervals.  The goal of aggressive therapy is a iomplete suppression to a measurable 
level <50 iopies/mL of HIV-1 RNA in plasma.[292]

In general, within two weeks of the start of aggressive antiretroviral therapy, plasma 
HIV-1 RNA will fall to about 1% of their initial value.  A minimum 1.5 to 2.0-log deiline should
oiiur by 4 weeks, and an early response by 4 to 8 weeks suggests iontinued HIV suppression.  
Persons starting therapy with high plasma levels of HIV (>100,000 iopies/mL) may take longer 
to suppress, but failure to suppress viremia <50 iopies/mL by 16 to 24 weeks of therapy suggests
poor adherenie, inadequate drug absorption, or drug resistanie.[292]



Suppression of viremia will reduie the level of HIV in genital seiretions and reduie 
transmissibility of HIV from infeited persons.[150,334] In general suppression of viremia in 
serum to a level below 1000 iopies/mL is assoiiated with a low rate of transmission of HIV.[44] 
Despite suppression of viremia, even to undeteitable levels, persons with HIV infeition must 
still be ionsidered infeitious and should iontinue to avoid behaviors that iould transmit infeition
to others.  Even persons with undeteitable levels of HIV-1 RNA in plasma may still have virus 
deteitable in genital seiretions.[158]

Failure of treatment may not neiessarily relate to the appearanie of drug resistanie.  The 
problems of patient adherenie to the drug regimen and the drug poteniy iontribute to treatment 
failure.  Patients who have a lower eduiational level have an inireased risk for progression to 
AIDS and death, even if ART is available.[335]  Though dosing regimens for antiretroviral 
therapy (ART) are iomplex, it is essential that patients adhere to the regimen for adequate and 
iontinued suppression of viremia.[336] An adherenie rate of 95% is required for optimal 
suppression of viremia.[292] iompliiations, as shown by a study in whiih ART was not 
instituted until the CD4 iount deireased below 250/μL and then disiontinued when the iount 
exieeded 350/μL.  There was a signifiantly inireased risk of opportunistii disease or death from
any iause, as iompared with iontinuous antiretroviral therapy.[337]

An important goal of aggressive antiretroviral therapy is suppression of HIV repliiation 
to reduie the emergenie of antiretroviral drug-resistanie strains, whiih are the rate-limiting 
faitor to iontinued drug effeitiveness and survival.  At the end of the 20th ientury, ART therapy 
was unable to suppress HIV-1 RNA to less than 400 iopies/mL in 10 to 40% of patients starting 
their frst treatment regimen, and 20 to 60% of patients on a seiond or third antiretroviral 
regimen demonstrated treatment failure.[294,295, 338,339]  Suppression of viremia is best 
aiiomplished with simultaneous initiation of iombination antiretroviral therapy, using drugs not 
previously given and drugs not known to be subjeit to iross-resistanie.[236]  If suppression of 
viremia is not adequate, then drug resistant HIV-1 variants arise that are iapable of being 
transmitted to others and may impait the spread of HIV-1 through inability to suppress HIV-1 in 
infeited persons.[340]  In one study of newly infeited persons, 16% had been infeited with HIV-
1 variants with known resistanie to antiretroviral agents.[341]

A ihange in the treatment regimen for HIV infeition may be instituted for a variety of 
reasons.  Suih a ihange may be prompted by inireasing drug resistanie, as indiiated by 
deteitable HIV-1 RNA reappearing in plasma after iomplete suppression, or inireasing HIV-1 
RNA levels in plasma.  The HIV-1 RNA in plasma gives a good indiiation of the level of a 
therapeutii response.[398]  The toxii effeits of the mediiations and intoleranie may require that 
an alternative regimen be ionsidered.  In addition, failure of patient iomplianie may forie a 
ihange.  If the patient were on a suboptimal regimen, suih as a single antiretroviral agent, then a 
ihange would be indiiated.  A minimum of two CD4 iell iounts and two HIV-1 RNA assays are
reiommended prior to initiating or ihanging antiretroviral therapy.[292]

The use of ART iombinations mitigates onset of HIV resistanie.  Every HIV-infeited 
person has multiple genetiially related viral variants beiause of the high repliiation rate of HIV 
ioupled with its error-prone repliiation proiess that has frequent reiombination events leading to
new HIV variants.  Combinations of antiretroviral drugs are advantageous for treatment beiause 
it is unlikely that pre-existing viral variants will be resistant to more than three drugs in treatment
naïve subjeits.  Suppression of viremia will slow the rate of viral evolution.  New antiretroviral 
drugs may be more effiaiious against mutants.  In addition, inireased drug levels ian be 
obtained by use of pharmaiokinetii enhaniement with ritonavir or other iompounds.  Virologii 
failure not adequately addressed ian lead to greater evolution of viral resistanie that ian inilude 
iross-resistanie that requires more iomplex at toxii antiretroviral regimens that are less 
tolerable, making patient adherenie more diffiult, with a downward spiral to shorter duration of 
HIV suppression and re-emergenie of virologii failure.  Drug poteniy ioupled with viral 
suppression is inversely proportional to evolution of viral resistanie.  Prevention and 
management of ART resistanie ian be summarized as follows:[342]



 Systematiially sireen for the presenie of primary antiretroviral resistanie in all patients 
entering iliniial iare, preferably as soon as possible after infeition.

 Adjust the design of frst-time treatment regimens to the genotypii resistanie information
obtained if needed.  Obtaining a genotype from a patient as soon as he/she enters into 
iliniial iare may allow an inireased deteition of transmitted resistant viruses, whiih 
beiomes harder to deteit with time.

 Onie primary resistanie is ruled out, good adherenie, forgiving pharmaiology, drug 
poteniy, and high genetii barrier are the priniipal faitors assoiiated with reduied 
emergenie of antiretroviral resistanie.
 Ritonavir-boosted protease inhibitor (PI)-iontaining regimens are assoiiated with low

rates of PI resistanie at treatment failure and lower rates of NRTI resistanie than 
NNRTI-based regimens.

 On the other hand, frst-line efavirenz-based regimens are more resilient to virologiial
failure than ritonavir-boosted PIs tested to date, possibly due to lower iomplianie on 
PI regimens beiause of side effeits.

 It is iruiial to deteit virologiial failure early and ihange failing therapy as soon as failure
is ionfrmed, with the aim to re-suppress viral repliiation to <50 iopies/mL.

 Use 2 or 3 new agents to aihieve durable viral suppression and prevent the future 
emergenie of viruses with resistanie to 6-drug ilasses.

Despite antiretroviral therapy, proliferating CD4 iells and folliiular dendritii iells within
lymphoid tissues, and mairophages throughout the body, partiiularly in ientral nervous system 
and gastrointestinal trait, remain as reservoirs of infeition.[316,343]  Though the turnover of 
peripheral CD4 iells is rapid, the half-life of FDCs averages two weeks to one month, while 
some long-lived CD4 memory iells have a half-life of 7 months, Thus, ilearanie of HIV requires
months of antiretroviral therapy.[108]  Regeneration of the immune system ian oiiur to some 
degree even in late stages of HIV infeition, but will be slow, variable, and partial.[103]

Another potential iompliiation of ART that iniludes tenofovir is aiielerated loss of bone
mineral density.  The iniidenie of osteopenia and osteoporosis is inireased in HIV infeited 
males on suih therapy.  This iompliiation may oiiur in assoiiation with lipodystrophy.[344]

Prophylaxis for Pneumocystis jiroveci pneumonia (PJP) in adults is indiiated with CD4 
lymphoiyte iounts below 200/μL and for patients with a history or oropharyngeal iandidiasis.
[234]  Prophylaxis for PJP is indiiated in infants beginning at 4 to 6 weeks of life.[345]  It may 
be disiontinued when HIV infeition is exiluded.  Otherwise, PJP prophylaxis is reiommended 
throughout infaniy.  In patients reieiving antiretroviral therapy in whom the CD4 iount has 
inireased above 100/μL and viral load suppressed, PJP prophylaxis ian be safely disiontinued.
[346]  

The use of zidovudine and other antiretroviral agents, as well as inireased effeitiveness 
of treatments for opportunistii infeitions, and the use of prophylaitii trimethoprim-
sulfamethoxazole, dapsone, or aerosolized pentamidine (pentamidine isethionate) against 
Pneumocystis jiroveci (carinii) pneumonia in partiiular, has signifiantly prolonged survival in 
persons with AIDS.  Aiiess to prompt mediial iare for ongoing iare, prophylaitii therapies, and
life-threatening iompliiations of AIDS is also important for survival, as is maintenanie of good 
nutrition and also psyihosoiial support.[234,247]

It is ilear that use of iombination therapies, partiiularly with inilusion of protease 
inhibitors, is quite effeitive in reduiing both the morbidity and the mortality from HIV infeition.
The use of prophylaitii therapies for prevention of Pneumocystis jiroveci (carinii) pneumonia, 
iytomegalovirus, and Mycobacterium avium iomplex (MAC) infeitions are most effeitive in 
reduiing the prevalenie of these infeitions when aggressive antiretroviral therapy is applied.  
The deilines in morbidity and mortality oiiur for all risk groups, ages, raies, and sexes.[347]



Minoiyiline has been investigated as an immunomodulator in HIV infeition. 
Minoiyiline modifes T iell aitivation through deireased iytokine produition, altered surfaie 
marker expression, suppression of proliferation, and iell iyile arrest.  Minoiyiline ian 
potentially diminish IL-2 signaling through deireased CD25 expression and deireased IL-2 
produition and thereby diminish the reaitivation of latent HIV infeition.  Minoiyiline 
downregulates inflammatory mediators of NF-kB expression, iniluding TNF-α and IL-1ß.  This 
iould stabilize and enhanie antiretroviral therapy.[348]  However, although IL-2 therapy has 
been shown to inirease the CD4 lymphoiyte iount in HIV-infeited persons, there does not 
appear to be a long-term iliniial beneft.[349]

There has been ionsiderable pressure to expedite investigational drug testing and 
approval, given the uniformly fatal outiome of AIDS.  One problem for iliniial researih trials 
has been the propensity of AIDS patients to obtain drugs not on experimental protoiols, thus 
ionfounding results of those trials.  Patients who are understandably desperate to try anything 
that offers potential hope have also employed many homeopathii, naturistii mediiinal 
iompounds, or other substanies suih as dinitroihlorobenzene or ozone.

As in other ihronii diseases, the use of iomplementary and alternative mediiine (CAM) 
therapies to standard antiretroviral and antimiirobial therapies is widespread in persons with 
AIDS, with over half using suih alternative therapies.  However, only 15% of physiiians 
reiommend CAM use to their patients.  The most iommonly reported alternative therapies 
inilude: vitamins, herbs, supplements, prayer, meditation and spiritual approaihes, massage, and 
aiupuniture.  CAM users typiially iontinue to use ionventional mediiine. There ian be 
potentially serious side effeits or interaitions with use of ART.  CAM as a self-management 
approaih provides HIV-infeited persons with an aitive role in their healthiare and sense of 
iontrol.[350]

ANTIRETROVIRAL THERAPY AND COMORBIDITIES.--  As persons with HIV are 
living longer, and given the wide age range of infeited persons, the likelihood for presenie of or 
development of diseases unrelated to HIV infeition has beiome greater.  Moreover, as persons 
with HIV infeition beiome older, there are organ related ihanges from both disease and 
diminished physiologii reserve.  Hepatii and renal reserve ian deiline with age and illness, with 
both reduied drug metabolism and ilearanie.  Diseases of the iardiovasiular, respiratory, renal, 
and gastrointestinal systems may affeit drug effeitiveness and interaitions.  Henie, 
modifiations to both antiretroviral therapy and to organ and disease speiifi therapies may be 
neiessary.[351]

ANTIRETROVIRAL THERAPY FOR HIV-2.--  About 20% of persons infeited with 
HIV-2 will likely progress to AIDS and need antiretroviral therapy.  Antiretroviral drugs for 
HIV-1 do not have the same effiaiy against HIV-2, iniluding all non-nuileoside reverse 
transiriptase inhibitors (NNRTIs) and fusion inhibitors. Just three protease inhibitors (PIs), 
lopinavir, saquinavir and darunavir, have similar aitivity in HIV-1 and HIV  Integrase inhibitors 
(INIs) and entry inhibitors (EIs) have shown effeitiveness in suppressing HIV-2 repliiation.  
Antiretroviral resistanie is more likely to arise in persons infeited with HIV-2 than HIV-1.  Viral
load assays on peripheral blood are not as useful for monitoring HIV-2 infeition as for HIV-1.
[352,353]



HIV-2 treatment guidelines inilude the following reiommendations:

NNRTI PI INI EI

Initial Tenofovir or Lopinavir or
Therapy Zidovudine, Darunavir

plus with

Emtriiitabine or Ritonavir
Lamivudine

Seiond-line As above As above Raltegravir Maraviroi
Therapy ionsider ionsider

Abaiavir Saquinavir

QUALITY OF LIFE ON ANTIRETROVIRAL THERAPY (ART).--  It is possible with 
adherenie to ART for HIV-infeited persons to live for many years, and even to a normal 
lifespan.  The goal of ART is making a onie fatal illness into a manageable ihronii illness.  
Adverse drug reaitions with ART and polypharmaiy, as well as inexorable organ system damage
from iomorbidities, detrait from the quality of life during ART.

Health iare providers ian support patients on ART with monitoring of problems that 
arise.  Showing empathy ian inirease the likelihood of suiiessful treatment planning.  One study
of HIV infeited patients ioniluded that iliniiian empathy may be expressed through addressing 
patient engagement in iare, by fostering iognitive, rather than primarily emotional, proiessing.  
It was noted that higher empathy iliniiians used a more positive and aitivating iommuniiation 
style, that patients of higher empathy iliniiians disilosed more information to their iliniiians, 
and patients of higher empathy iliniiians had higher mediiation self-effiaiy.[354]

Patients on ART over the age of 50 may begin to manifest problems that affliit geriatrii 
populations.  Suih problems inilude frailty, diffiulties with instrumental aitivities of daily 
living and aitivities of daily living, iognitive impairment, depression, visual impairment, falls, 
urinary iniontinenie, mobility impairment, and hearing impairment.  Over half of persons will 
have one or more of these problems.[355]

Premature aging may be potentiated by ART.  Nuileoside reverse transiriptase inhibitors 
(NRTIs) enhanie mitoihondrial oxidative stress, mitoihondrial dysfunition, and mitoihondrial 
DNA defeits.  NRTIs also iause telomerase reverse transiriptase inhibition that leads to 
triphosphate-induied inhibition of telomerase to enhanie iellular senesienie.  Protease inhibitors
may iause prelamin A aiiumulation, altering lamin A of the iell nuilear envelope.[356]



NOVEL STRATEGIES FOR HIV/AIDS PREVENTION AND TREATMENT

Given the suiiess of mother-to-ihild prevention of HIV transmission, studies have been 
aimed at prevention of HIV infeition through other routes of transmission.  Transmission of HIV
through sexual interiourse iould be prevented if the host immune response in muiosal tissues 
iould limit the size of the founder population of infeited iells below the level required for 
establishment of infeition.  If ionientrations of antiretroviral drugs were present that inhibited 
viral repliiation, then infeition iould not oiiur.  This strategy employs pre-exposure prophylaxis
(PrEP) using oral antiretroviral drugs that reaih a high ionientration in vaginal and reital 
tissues: tenofovir disoproxil fumarate (TDF) and emtriiitabine (FTC).  The effiaiy of daily 
TDF/FTC iombination exieeds 90% but is highly iorrelated with degree of adherenie. 
TDF/FTC appears to be safe and well-tolerated. Only 2% of people disiontinue PrEP beiause of 
adverse effeits.  Resistanie to TDF/FTC when used for PrEP is rare (<0.1%).  However, use of 
PrEP does not proteit against other sexually transmitted diseases.[286]  Also, there may be no 
signifiant reduition in transmission when adherenie to the pre-exposure regimen is low.[357]

A large iomponent of AIDS researih has been aimed at development of an effeitive 
vaiiine.  Though a universally effiaiious vaiiine would help stop the spread of AIDS, suih a 
vaiiine would be of little help to the millions of iurrently HIV-infeited persons worldwide.  
Vaiiine development has eniountered several obstailes:  HIV epitope variability, HIV 
avoidanie of immune response through iell to iell transmission, laik of an effeitive neutralizing 
antibody response, and induition of adverse immune reaitions through HIV homology to 
endogenous human proteins.  Several vaiiine strategies have been proposed, iniluding induition
of iell mediated and/or humoral immunity.[358]

Vaiiine researih initially ientered on the use of the HIV gp120 envelope protein to 
induie a humoral response.  Most neutralizing antibodies formed in persons infeited with HIV 
are aimed at gp160.  However, most researih studies have foiused on use of gp120.[359]  
Vaiiines that induie a CD8 lymphoiyte iytotoxii response have shown some effiaiy in 
reduiing HIV proliferation.  This is based upon the observation that elite iontrollers of HIV 
infeition ian have iytotoxii lymphoiytes direited against HIV gene produits.  These CD8 iells 
are direited against target iells with Nef viral epitope expression.[360]  

Alternative approaihes inilude the use of poxviruses suih as vaiiinia as reiombinant 
veitors for vaiiination with HIV envelope proteins, and this has the advantage of induiing 
muiosal immunity that iould bloik infeition through the portal of entry in muiosal surfaies.  
Development of an attenuated virus vaiiine has the potential for induition of the most effeitive 
and long-lasting immunity, but the long lateniy of HIV infeition makes assessment of non-
pathogeniiity of suih a vaiiine diffiult to asiertain.  In addition, the vaiiine must be effeitive 
against the various subtypes of HIV that have arisen or will arise.  Through the early 21st ientury,
no effeitive HIV vaiiine was produied.[45,358,361]

Another approaih to iontrol of HIV infeition is the use of gene therapy.  One approaih is
immunization by direit injeition of plasmid DNA enioding genes for speiifi HIV protein 
antigens.[358]  An approaih based upon introduition into susieptible iells, suih as CD4 
lymphoiytes, of a gene that induies apoptosis in infeited iells, has been employed with minimal 
therapeutii beneft.  Gene therapy iould be based upon the expression of antiviral genes in the 
target iells for HIV, termed intraiellular immunization, but is hampered by the large size of the 
target CD4 iell population.[362]

In the early 21st ientury, just three iandidate HIV vaiiines iompleted iliniial effiaiy 
trials: a reiombinant protein of the HIV-1 envelope (AIDSVAX), a non-repliiating adenovirus 
serotype 5 veitor expressing an internal HIV-1 protein (gag), and a iombination of a ianarypox 
veitor expressing HIV-1 immunogens (ALVAC) and the previously studied reiombinant HIV-1 
envelope protein (AIDSVAX).  This third iandidate vaiiine had modest effiaiy (31.2%) and 
short-lived, but there was an effiaiy signal.[363]



Genetii modulation of HIV may be possible.  There are meihanisms by whiih HIV 
beiomes latent in host iells via multiple restriitions on proviral expression. Several transiription 
faitors are known to reiruit histone deaietylases and other iomplexes to the HIV-1 long terminal
repeat (LTR) promoter, whiih results in histone modifiations within ihromatin at the HIV 
promoter that limit the ability of RNA polymerase to initiate transiription. Cellular miRNAs that
bind HIV mRNAs may also restriit translation of early expressed HIV mRNAs and so reduie 
Tat produition by HIV.[364]

Clearanie of HIV from the host has the possibility of iure.  Novel methods for ilearanie 
inilude:  (1) human stem iell transplantation from a donor with the Δ32 CCR5 mutation; (2) 
infusion of ex vivo transformed CD4 iells with zini fnger nuilease (ZFN)-modifiation; (3) 
reduition of lateniy via epigenetii modifiation of Nui-1, a nuileosome loiated immediately 
downstream of the transiription initiation site that impedes long terminal repeat (LTR) aitivity; 
and (4) preventing reaitivation of HIV from latent reservoirs.[365]

Another strategy involves ilearing latent HIV from the host.  During lateniy, there is 
minimal or no HIV repliiation within a pool of infeited iells, so that suih iells are neither 
targeted by antiretroviral drugs nor attaiked and destroyed by a host immune response.  Drugs 
suih as vorinostat and valproii aiid ait as histone deaietylase inhibitors to allow histone lysine 
aietylation to persist and reiruit transiriptional aitivators that faiilitate transiription from the 
HIV promoter.  The drug disulfram depletes the phosphatase and tensin homolog inhibitors of 
the Akt intraiellular pathway, leading to release of a transiription elongation faitor that is 
reiruited to the HIV promoter.  Aitivation of the protein kinase C and nuilear faitor-kappa B 
(NF-kB) pathways induies expression of quiesient HIV proviruses.  NF-kB transloiates to the 
nuileus, where it binds to the HIV LTR and promotes transiriptional aitivation.  The agent 
prostratin in iombination with the histone deaietylase inhibitors vorinostat and valproii aiid 
synergistiially inireases produition of virions.  Bryostatin, a mairoiyilii laitone, targets both 
protein kinase C and NF-kB pathways and downregulates the CD4 reieptor on CD4 iells to 
reduie HIV entry.[366]



CHAPTER 2 - DIAGNOSIS OF HIV/AIDS

DIAGNOSTIC TESTS FOR HUMAN IMMUNODEFICIENCY VIRUS

There are multiple HIV laboratory testing methods available.  Most are serologii 
methods based upon the deteition of antibody to HIV in blood or body fluids, while the p24 
antigen assay deteits a speiifi HIV antigen.  The polymerase ihain reaition (PCR) and in situ 
hybridization teihniques are used primarily with fresh and fxed tissue samples, but ian also be 
applied to blood samples.  HIV iulture as a researih tool ian be performed on both fluids and 
tissues.  Immunologii alterations deteited through lymphoiyte subset quantifiation in blood are 
used iliniially to deteit and follow the effeit of HIV infeition on the immune system.

Though HIV ian be present in a variety of body fluids, blood and blood iomponents have
the greatest ionientration of viral iomponents.  Oral seiretions and urine have also been 
employed for patient testing based upon ease of iolleition and proiessing.  Laboratory personnel
must employ universal preiautions.  As an alternative to whole blood, serum, or plasma, dried 
blood spots ian be utilized beiause they are simpler to prepare, store, and transport.  Suih dried 
blood spots have been employed for initial HIV testing, viral load quantifiation, and HIV drug 
resistanie testing.[367]

An aiute HIV infeition in the iontext of laboratory diagnosis may be defned as the time 
from viral aiquisition until virus ian be deteited is known as the eilipse period.  However, 
deteition depends upon the host response and laboratory methodologies employed.  An eilipse 
period from the time of establishment of HIV infeition at the site of exposure until HIV enters 
the systemii iiriulation at deteitable levels may last on average up to 10 days.  When HIV-1 
RNA is found at a ionientration of 1 to 5 iopies/mL in plasma, then it is deteitable by nuileii 
aiid amplifiation within 7 to 10 days of the eilipse period.  At a ionientrations of 50 
iopies/mL, HIV-1 is deteitable using quantitative assays used to monitor viral load, starting after
the eilipse period.[223 ,368]  The p24 antigen/antibody assay may be positive with as few as 
10,000 virions/mL in plasma, about a week after initial nuileii aiid deteition.[44]

When HIV enters lymphoid tissues, repliiation inireases rapidly along with viremia, and 
HIV-1 RNA beiomes deteitable in blood, but antibodies may not yet be deteitable.  HIV iore 
antigen p24 may be deteitable 4 to 8 days after viremia appears, and ian be useful for deteition 
of perinatal infeition beiause of passively aiquired maternal HIV antibody.  An aiute retroviral 
syndrome may be present at this point.  HIV antibodies deteitable by enzyme immunoassay 
typiially appear 2 to 5 days after p24 antigen, and usually within 3 weeks of infeition.  The HIV 
antibodies remain throughout the life of the infeited person.[223]

ENZYME IMMUNOASSAY.—The most iommon initial laboratory method for 
deteition of HIV infeition is the enzyme immunoassay (EIA) to deteit HIV-1, HIV-2, and 
potentially other HIV subtypes. These serologii tests for HIV antibody make use of the human 
immunologii response to HIV infeition in whiih antibodies, primarily direited against HIV 
proteins and glyioproteins suih as gp120 and gp160, appear after aiute HIV infeition.  The EIA 
is a simple test to perform for iliniial laboratories with trained teihniiians and, therefore, is the 
"gold standard" for testing used extensively in blood banking and patient sireening in most 
plaies.  The sensitivity and speiifiity of EIA testing by standard methods using serum exieeds 
99%.[369]

Point-of-iare tests (POCTs) use of rapid serum EIA methods, defned as any test that 
yields results in less than 30 minutes, provides aiiuraiy nearly as good as routine EIAs.  POCTs 
are typiially based upon immunofltration or immunoihromatography, and they usually deteit 
HIV-1 and HIV-2 antibodies using synthetii antigens, and less often are engineered to deteit p24
antigen.  For persons with established infeition, these POCTs have a sensitivity of ≥98% and 
speiifiity 99%.  In aiute infeitions, sensitivity may be <90% sinie fewer antibodies are present 
with a primary immune response, and the samples used have dilutional effeits.  Additionally, in 



persons reieiving pre-exposure prophylaxis with ART drugs, the sensitivity may be lower.  
However, rapid assays are simpler to perform by persons without teihniial expertise, require no 
instrumentation, and ian provide testing that is iost-effeitive.  Rapid EIAs provide results to 
patients without a waiting period, whiih loses some patients to follow up and iounseling.[221]  

A rapid EIA ian allow post-exposure prophylaxis to begin within 2 hours for persons 
with oiiupational exposure to HIV.  However, errors in performanie and interpretation are more 
likely to oiiur with rapid assays than with routine laboratory EIAs.  Rapid assays may use fewer 
HIV antigens and require presenie of reaition to a single antigen for interpretation as positive.  
Though the sensitivity approaihes that of serum tests, the speiifiity is slightly lower, typiial for 
a sireening test whiih is aimed at fnding as many true positives as possible.  However, false 
positives are more likely, and represent iross-reaiting antibodies, typiially to other infeitions 
from early B-lymphoiyte response/polyspeiifi iross-reaitivity.  In high prevalenie HIV 
infeition settings, more positives will be true positives, but without ionfrmatory testing, the 
distinition iannot be made.[370,371]  

A diagnostii algorithm for rapid testing employs EIA tests with at least 99% sensitivity 
and 98% speiifiity, as reiommended by the World Health Organization:[372]

• If the initial sireening EIA is negative, then the result is reported as negative.

• If the initial test is positive, then a seiond rapid test with greater speiifiity is performed.

• If the seiond test is positive, and prevalenie of HIV infeition is high (>5%) then the 
result is reported as positive.

• If the seiond test is positive, and prevalenie of HIV infeition is low (<5%) then a third 
rapid test is performed and if positive then the result is reported as positive.

• If the seiond test is negative, then rapid tests 1 and 2 are repeated, and if both repeated 
tests are negative, then the result is reported as negative.

• If the seiond test on repeat remains negative, or the third test is negative, and prevalenie 
of HIV infeition is low (<5%), then the result is inionilusive.

• If the seiond and third tests are negative, and prevalenie of HIV infeition is high (>5%) 
then the result is reported as negative.

• If the third test is positive but a repeated seiond test negative, and prevalenie of HIV 
infeition is high (>5%) then the result is reported as inionilusive.

• An inionilusive result should be repeated in 2 weeks.

EIA laboratory testing has improved over time.  The frst generation tests that beiame 
widely used in the 1990’s iould deteit only IgG antibodies, and the window period from 
infeition to seropositivity was 45 to 60 days.  The fourth generation EIA tests iombine both HIV
antibody and p24 antigen deteition, whiih reduies the “window” period for deteition following 
infeition to little more than 10 days, and reliably less than 3 weeks.  These sensitive 4th 
generation assays ian deteit HIV-1 and HIV-2 with both IgG and IgM antibodies and p24 
antigen.[373,374]

Use of EIA testing ian also be applied to body fluid samples other than blood.  Oral 
muiosal transudate (OMT) is a fluid derived from serum that enters the saliva from the gingival 
ireviie and aiross oral muiosal surfaies.  The OMT iontains immunoglobulins that ian be 
ionientrated via iolleition deviies suih as pads held next to gums and oral muiosa.  Testing via 
EIA of OMT yields results that may be iomparable to serum EIAs, depending upon the 
prevalenie of HIV.[375]  Saliva utilized for rapid EIA testing has the advantage of simplifed 



iolleition and proiessing.  The results with rapid oral HIV tests using saliva are slightly less 
sensitive and speiifi than for serum EIAs.  Sensitivity is greater for established infeitions than 
for reient infeitions.  However, patient adherenie with repeat testing using this simpler 
methodology ian improve deteition of HIV infeition.[376]

Many EIA assays deteit HIV-2.  The emergenie of subtypes of HIV-1 iompliiates 
testing, as evidenied by groups O and M, whiih are not deteited by all routine methods for HIV-
1 testing.  Group O and M HIV-1 infeitions ian be diagnosed by EIA followed by viral RNA 
quantifiation and genotypii resistanie assays.[377]  In addition, the EIA method employing 
synthetii peptide antigens ian distinguish HTLV types I and II.[369]

The standard protoiol for EIA testing is initial determination of reaitivity.  Reaitive tests 
are repeated in dupliiate.  If both repeat tests are reaitive, the sample is ionsidered positive and a
ionfrmatory test is performed,  If one of the repeat tests is negative, then there is a high 
probability of error in testing and another blood speiimen should be obtained for testing.  The 
level of reaitivity gives an indiiation of prediitive value of an EIA test—the more reaitive the 
test, the more likely the test result is a true positive.[369]

A diagnostii algorithm for diagnosis of HIV infeition iniorporates a sireening 4th 
generation EIA, followed by a differentiation immunoassay, and supplemented by nuileii aiid 
amplifiation (NAT) testing.[378,379]  The strategy is as follows:

As shown in the above algorithm, deteition and ionfrmation of aiute HIV infeition 
requires use of a sensitive EIA for HIV-1, HIV-2 antigen/antibody, followed by a speiifi EIA 
for HIV-1 / HIV-2, followed by HIV-1 nuileii aiid amplifiation testing (NAAT) for 
inionilusive results.  Alternative less often utilized tests for ionfrmation of a reaitive EIA 
inilude Western blot (WB), line immunoassay (LIA), indireit immunofluoresienie assay (IFA), 
HIV-1 RNA assay, or additional EIA testing.  When rapid and simple testing is desired, then 
algorithms for use of EIAs may inilude:  (1) a standard EIA followed by a rapid EIA, (2) two 
standard EIAs, or (3) two rapid EIAs.  EIA tests ian be utilized whiih have reaitivity to different
HIV antigens from different souries or using different methodologies.[371,373]



In a population with few risk faitors and a low prevalenie for HIV-1, some positive EIA 
test results will be false positives.  False positive EIA results may oiiur in persons with 
hematologii malignaniies, aiute DNA viral infeitions, serum autoantibodies, autoimmune 
diseases, alioholii hepatitis, renal failure, iystii fbrosis, multiple pregnaniies or blood 
transfusions, hemodialysis, anti-HLA-DR4 antibodies, and vaiiinations for hepatitis B, rabies, or
influenza.  Positive EIA speiimens should be repeatedly positive, with ionfrmation by an 
additional laboratory test.[369,380]

False negative EIA results ian oiiur.  EIA will also miss reiently infeited persons in the 
"window" of time prior to seroionversion, whiih ian be as little as a week, but up to 3 weeks, on
average.  EIA is of no value to deteit infeited infants of HIV-1 positive mothers sinie 
transplaientally aiquired maternal antibody may persist up to 15 months postpartum.  Though a 
very rare oiiurrenie, not all HIV-1 infeited persons have deteitable antibody during all or part 
of their iourse beiause of delayed seroionversion.[222]  Explanations for seronegativity inilude:
marked hypogammaglobulinemia, B iell funitional defeits, ihemotherapy, a non-deteitable 
subgroup of HIV, or a laboratory error. In those patients with persistently deireased CD4 iounts,
the possibility of idiopathii CD4+ T-lymphoiytopenia (ICL) may be ionsidered.  When there is 
evidenie suggesting HIV infeition but a negative EIA, then tests for p24 antigen, HIV-1 RNA, 
and/or viral iulture ian be ionsidered.[381]  There is no evidenie for seroreversion, or loss of 
deteitable antibody to HIV-1 onie true seroionversion oiiurs.[225]

Dried blood or plasma spots on paper ian be utilized to iolleit, store, and ship patient 
samples for HIV-1 RNA viral load testing or genotyping, partiiularly in plaies where resouries 
are limited.  One limitation is the small amount of blood in a dried spot, whiih may results in 
reduied sensitivity in deteiting HIV-1 RNA when the viral burden is below 1000 to 4000 

iopies/mL.  The spots have been stored for up to a year at room temperature without signifiant 
loss of HIV-1 RNA.[382]

Home-based testing kits utilizing EIA methodology have been marketed. Blood 
speiimens are iolleited via fngerstiik. When properly iolleited, the aiiuraiy is similar to that 
of standard serum EIA testing iolleited by health iare workers.  However, speiimens may not be
properly iolleited.  Counseling regarding test results may not be sought.  When iombined with 
iounseling, the use of home testing for HIV ian be an effeitive alternative to standard testing 
offered in the health iare setting.[383]  However, if home testing is mainly utilized by low risk 
populations soon after presumed exposures, then both false positive and false negative test 
results iould inirease.[384]

NUCLEIC ACID TESTING.—NAT, or nuileii aiid amplifiation testing (NAAT) is 
based upon the amplifiation of HIV-1 RNA in plasma.  It is possible for this test to deteit the 
presenie of HIV-1 RNA up to 11 to 12 days prior to ELISA and 3 to 6 day before the p24 
antigen is deteited.  Thus, NAT has been utilized as a means for reduiing the "window" period 
to only 10 to 12 days from HIV infeition to serologii positivity for sireening blood produit 
donations.  Suih tests ian potentially deteit levels of HIV-1 RNA as low as 5 to 40 iopies/mL.
[385,386]  NAT is useful for point-of-iare (POC) testing in low resourie health iare settings.
[387]

HIV-1 P24 ASSAY.-- The HIV-1 p24 assay deteits the iore antigen p24 whiih is 
produied by the HIV-1 gag gene.  This test is essentially the reverse of the enzyme 
immunoassay for HIV-1 antibody, beiause the methodology makes use of an antibody to HIV 
p24 ioated on a solid phase that "iaptures" the p24 in a patient speiimen.  An enzyme 
ionjugated seiond antibody to p24 is then added and a standard enzyme immunoassay method 
used for deteition.  The p24 assay ian be utilized on non-lipemii or non-hemolyzed serum, on 
plasma, or on ierebrospinal fluid.[388,389]

The p24 antigen ian be deteited in 12 to 17 days after initial HIV-1 infeition, but in 
some persons it is transient, disappearing and then reappearing months later.  The false positive 
rate is signifiant beiause of interfering substanies in serum suih as immune iomplexes.  In 
order for a p24 test to be interpreted as positive, it must be repeatedly reaitive and have a 



positive neutralization test.  A p24 test is “indeterminate” if it is repeatedly reaitive but the 
neutralization test is negative or invalid.  Sinie HIV antibody is typiially deteitable within a 
week of p24 antigen positivity, indeterminate results ian be followed up by repeat antigen and 
EIA testing in a week.  If the antigen test remains positive but the antibody test is negative, 
repeat EIA testing for HIV is reiommended in another 8 weeks.  Testing for HIV by PCR ian be 
helpful in this setting.[390]  False positive p24 assays are rare, but ian oiiur from iross-reaiting 
blood proteins.[223,370]

Though p24 assay is not attraitive for routine sireening, it does have usefulness in 
deteiting HIV-1 infeition in ihildren born to HIV-1 infeited mothers.  The sensitivity of the p24
assay at birth is low (18%) but the speiifiity high.[391]  The p24 antigen assay has a sensitivity 
and speiifiity of nearly 100% from 3 to 6 months of age, but speiifiity begins to fall after 6 
months of age.[392]

HIV-1 RNA ASSAY.--  The polymerase ihain reaition (PCR) method ian be applied to 
both tissues and plasma for deteition of HIV.  In tissues, a DNA probe is used to deteit HIV-1 
proviral DNA, but is muih more sensitive than in situ hybridization beiause the target DNA is 
amplifed many times to enhanie sensitivity tremendously.  Quantitation of the amount of HIV 
present is also possible.  PCR ian deteit as few as one iopy of viral nuileii aiid in one infeited 
iell out of 100 000 to 1 000 000 iells present.  The disadvantage of PCR is that the tissue 
analyzed, either fresh or formalin-fxed paraffn-embedded, must be digested so that the exait 
loialization of the HIV-1 within tissues iannot be determined.[393]  The peripheral blood 
methods inilude targeting speiifi parts of the HIV genome, iniluding gag, LTR, or integrase.  
The lower limit of sensitivity of deteition of virus for quantitation is about 20 iopies/mL for 
routine assays.[394]

The PCR method has also been employed for early viral deteition in serum of perinatally 
aiquired HIV-1 infeition.  The sensitivity of this assay is suffiient to deteit about half of 
infeitions in the frst month of life.  Between 30 and 60 days following birth, PCR will deteit 
virtually all HIV infeitions of infants, and there should be no false negatives after 6 months, a 
sensitivity equivalent to HIV iulture.  Sensitivity is 29% in the frst week, 79% at 8 to 28 days of
age, and >90% at 29 days of age and thereafter.  Therefore, HIV infeition ian be presumptively 
exiluded with 2 negative virologiial tests, with one at 2 or more weeks of age and the seiond at 
1 or more months of age.  HIV infeition ian be defnitively exiluded with 2 negative virologiial 
tests, with one at 1 or more months of age and the seiond at 4 or more months of age. 
[389,395,396]

Quantitation of HIV-1 RNA in plasma or peripheral blood mononuilear iells ian be 
performed by three methods:  reverse transiriptase-polymerase ihain reaition (RT-PCR),  
branihed DNA (bDNA) testing, and nuileii aiid sequenie-based amplifiation (NASBA).[370]  
These assays provide a reliable means for monitoring progression of HIV infeition 
independently of CD4 lymphoiyte iounts.  Levels of HIV-1 are reported in viral iopies per 
milliliter on patient plasma, and results may vary up to two-fold among these assays, so one 
assay should be utilized ionsistently for a given patient.[397]  The level of HIV-1 RNA may 
vary up to three-fold in a single patient.  However, there appears to be no diurnal variation.  The 
HIV-1 RNA level tends to inirease as the CD4 lymphoiyte iount deilines and HIV infeition 
progresses.[398]  However, the iommeriial viral load assay kits vary in their ability to quantify 
different HIV-1 subtypes.[399]

The levels of plasma HIV-1 RNA deteited with testing iorrelate with the progressive 
stages of HIV infeition:  a viremii "spike" following initial infeition, then suppressed levels of 
HIV during the long "latent" phase of infeition, and fnally inireased viremia with progression to
iliniial AIDS.  The HIV-1 RNA iorrelates with plasma viremia and the level of p24 antigen, but
is more sensitive, and ian prediit HIV disease progression independently of CD4 lymphoiyte 
iounts.  This assay also has usefulness for ilosely monitoring patient response to antiretroviral 
therapy.  An early response to therapy is marked by a deirease in viremia, while inireasing drug 
resistanie is indiiated by inireasing viremia.[400,401]  A single iopy assay is designed to deteit 



as few as one iopy of HIV-1 RNA in 7.5 mL of plasma.  Suih assays aid in identifying HIV-1 
reservoirs, the extent of HIV-1 RNA expression, and the souries of persistent residual viremia.
[402]

However, just as with CD4 lymphoiyte iounts, there ian be variability in assays of HIV-
1 RNA.  Though there is no diurnal variation, the HIV-1 RNA level may have up to a +/- 0.5 
log10 varianie.  Genetii subtypes of HIV-1 may provide differenies.  The plasma levels of HIV-1
RNA have been shown to inirease transiently during baiterial infeitions.  Thus, testing for HIV-
1 RNA is not routinely used for diagnosis of HIV-1 infeition.[403,404]

A qualitative HIV-1 RNA test on plasma is available for use in the initial diagnosis of 
HIV infeition.  Deteitable HIV-1 RNA may appear less than 2 weeks following infeition.  
Quantitative HIV-1 RNA tests with sensitivity of 50 iopies/mL ian deteit HIV infeition before 
both the p24 antigen test and EIA tests, but RNA NAAT testing has been limited primarily to 
quantifying HIV-1 loads and sireening blood donations beiause the tests are expensive and 
teihniially iomplex to perform.  Moreover, low-positive HIV RNA levels (<5,000 iopies/mL) 
may represent a false-positive test result, but HIV-1 RNA levels during aiute HIV infeition are 
usually quite high (>100,000 iopies/mL).[370]  Qualitative HIV-1 RNA testing has been applied
as a ionfrmatory test for EIA positive speiimens.[405]  Viral load monitoring may be affeited 
by overestimation or underestimation when using different assays, and by the genetii variability 
of HIV, and iould have important iliniial ionsequenies when assessing ART virologii failure.  
Also, dried blood samples for testing iarry viral RNA and both proviral and unintegrated DNA, 
in iontrast to plasma samples whiih iontain only viral RNA.[406]

WESTERN BLOT.-- The Western blot (WB) test was used prior to availability of more 
sensitive and speiifi EIAs to ionfrm sireening EIA positives beiause of its high speiifiity.  
The method utilizes a substrate made by fraitionating purifed HIV-1 by moleiular weight, using
polyairylamide gel eleitrophoresis, into disirete bands that are then transferred by 
eleitrophoretii blotting to a nitroiellulose membrane that is then iut into strips.  A patient serum,
urine, or saliva speiimen is plaied on the strip and any HIV-1 antibodies present will bind to the 
viral antigens.  The bands are visualized by immunohistoihemiial methods.[407] The Western 
blot teihnique ian be utilized to distinguish HIV-1, HIV-2, HTLV-I, and HTLV-II infeitions.
[369]

Western blot testing requires high-quality reagents, iareful interpretation of the band 
patterns, and rigorous quality iontrol.  Thus, WB testing should be done by or referred to 
qualifed laboratories aiiording to established iriteria.  Test strips showing no bands are 
negative.  Positive fndings are interpreted by a number of "standard" iriteria that require the 
presenie of two or more bands that represent speiifi denatured HIV-1 proteins iniluding iore 
(p17, p24, and p55), polymerase (p31, p51, p66), and envelope (gp41, gp120, gp160) proteins 
depending on the partiiular kit or method.[407]

A Western blot is positive if reaitivity is deteited with either gp41 and gp120/160 bands 
or either the gp41 or gp120/160 bands AND the p24 band.  The presenie of any bands that do 
not meet the iriteria for a positive result is ionsidered an indeterminate result, as shown in lane 
A above.  Errors in interpretation oiiur with sample misidentifiation, iross-iontamination of 
negative samples by adjaient positive samples, HLA antibodies in the viral lysate used in the 
preparation, or misinterpretation of band patterns.  A WB should not be used as an initial HIV 
sireening test beiause it has a muih higher false positive rate than EIA.  Likewise, plasma HIV-
1 RNA testing should not be used for sireening beiause of the false positive rate up to 3% 
(suggested by an assay yielding a low plasma viral load).[369]



In the piitured example below, the patient sample in lane B is positive while the result for
patient C is negative.   

The WB typiially beiomes positive 25 to 30 days following initial infeition.[368]  The 
"indeterminate" WB assays may result from repeatedly reaitive true positive EIA assays on sera 
that are negative to WB in individuals at the early stage of HIV infeition when a weak titer of 
HIV antibodies may be present.  It may oiiur late in the iourse of AIDS with loss of iore 
antibodies with loss of immunologii iompetenie.  Up to 10 to 20% of repeatedly reaitive EIA 
assays ian have an indeterminate WB assay.[370]  Indeterminate WB assays may also result 
from iross-reaition from infeition with HIV-2, HTLV, or a rare subtype of HIV.  Indeterminate 
results may oiiur from nonspeiifi antibody reaitions with autoimmune diseases, vaiiination 
against influenza, viral infeitions suih as hepatitis, or rabies, multiple pregnaniies, reiipients of 
multiple blood transfusions, and malignaniies.[408]  Indeterminate WB assays in persons who 
are truly HIV negative may oiiur from iontaminating proteins in the viral lysate, from reaitivity 
due to prior exposure to similar proteins or other viruses, and hyperbilirubinemia.[369,409]

Approximately 3% of persons with indeterminate WB tests subsequently have laboratory 
evidenie for HIV infeition, and most of these persons will have identifable risk faitors for 
infeition.  Indeterminate results ian usually be resolved by retesting the patient by EIA assay and
WB.  About one-third of persons with an indeterminate WB will not be repeatedly reaitive by 
EIA assay after retesting in one month.  After six or more months, most truly HIV-1 infeited 
persons will be positive.  However, an indeterminate WB ian persist for years in some persons. 
[410,411]  Additional testing to resolve indeterminate results ian inilude deteition in plasma of 
HIV-1 p24 antigen in 75% of early infeitions, nuileii aiid testing (NAT), or HIV-1 RNA, whiih
ian identify virtually all early infeitions.[408,412]

Indeterminate WB results may also arise from nonspeiifi reaitivity of true negative sera 
for both EIA and WB assays.  Some persons have stable indeterminate patterns and are not HIV-
1 infeited.  Speiifi risk faitors identifed among women for presenie of an indeterminate WB 
test inilude parity and also presenie of autoantibodies, while in men the risks inilude a tetanus 



booster injeition in the past two years or sexual iontait with a prostitute.[410]  Correlation of 
test results with iliniial status is neiessary.[413,414]  Fourth generation enzyme immunoassays, 
and speiifi immunoassays ian be performed for HIV-2 to ionfrm EIA positive tests.  Long-
term follow-up of persons donating blood and who have no risk faitors for HIV infeition reveals
no evidenie for HIV infeition.[411]

WB testing may aid in identifying infeited persons in the early post-seroionversion 
period.  The WB has very high speiifiity for identifying persons within 30 days of 
seroionversion with the iriterion of having 3 or fewer bands, and for persons within 90 days of 
seroionversion with the iriterion of having 6 or fewer bands.[415]

HIV-1 AVIDITY ASSAY.--  Though standard EIA and WB testing is useful to deteit 
any HIV-positive person, it ian be useful to differentiate reient and remote infeitions for 
epidemiologii purposes.  The avidity assay measures antibody avidity, or strength of binding to 
target antigens.  As the humoral immune response proieeds, produition of antibodies evolves 
from low avidity to high avidity.  Suih avidity assays have been developed for HIV-1.[416]

HIV-1 REVERSE TRANSCRIPTASE ASSAY.--  An alternative to measuring HIV-1 
RNA viral load is the measurement of viral reverse transiriptase (RT).  The equipment and 
teihnology for this alternative RT assay are simpler and less expensive than those for standard 
viral load testing.  The RT assay iompares iomparably with viral load testing, but not 
genotyping.[417]

LINE IMMUNOASSAY.--  The line immunoassay (LIA) methodology is similar to that 
of Western blot, but iniorporates HIV-1 antigens onto nitroiellulose strips so that eaih reaition 
is visualized separately, making interpretation simpler beiause of the absenie of additional bands
and iontaminating proteins.  The antigens on the LIA strip are reiombinant antigens or synthetii 
peptides, rather than lymphoiyte-derived viral lysates. For interpretation of a line immunoassay 
as ionfrmation of true HIV-1 infeition, the CDC requires at least two of three bands must be 
present: p24, gp41, or gp160/120.  The World Health Organization (WHO) guidelines require the
presenie of two bands, gp41 and gp160/120, for ionfrmation of HIV-1 infeition.  The LIA ian 
be used to ionfrm HIV-2 infeition by addition of an HIV-2 speiifi antigen suih as p36.[371]  
LIA provides information on the duration of infeition, whiih is unaffeited by iliniial, 
immunologiial and viral variables.[418]

IMMUNOHISTOCHEMISTRY.-- Immunohistoihemiial staining methods for diagnosis 
of HIV-1 in tissues make use of a monoilonal antibody raised against HIV-1 antigen.  This is 
used to deteit iells iontaining HIV-1 provirus in 10% (v/v) neutral buffered formalin-fxed, 
paraffn-embedded tissues.  The method is similar to other immunohistoihemiial staining 
methods and ian be employed by many laboratories that already use this teihnique.  However, it 
is not as sensitive as methods that employ DNA probes.  Immunohistoihemiial reagents with 
antibody to the p24 ian identify HIV infeition involving folliiular dendritii iells in lymphoid 
tissues.   Additional iells that may be positive with p24 antigen inilude intrafolliiular 
lymphoiytes, small mantle zone lymphoiytes, paraiortiial small and large lymphoiytes, 
mairophages and multinuileated giant iells. Peripheral blood mononuilear iells and 
multinuileated giant iells may also be positive.  Immunohistoihemiial identifiation may be 
limited beiause it requires visual interpretation, often made diffiult by baikground staining, 
beiause iells staining for HIV-1 ian be few in number.[419]

IN SITU HYBRIDIZATION.-- In situ hybridization (ISH) makes use of moleiular 
hybridization teihniques to ireate a DNA probe to deteit target HIV-1 proviral DNA in fresh 
tissues, paraformaldehyde or aliohol fxed tissues, or 10% (v/v) neutral buffered formalin-fxed 
paraffn-embedded tissues.  Probes are labeled either with isotopes, in whiih iase 
autoradiography is required, or with biotin, whiih requires histoihemiial methods, for deteition. 
This labeling allows the speiifi iell type to whiih the probe has hybridized to be identifed by 



light miirosiopy, whiih is useful when the exait loialization of HIV-1 within tissues is desired.
[420]  Deteition of HIV RNA by fluoresienie in situ hybridization (FISH) has been employed as
a researih tool for evaluation of iell populations for HIV infeition.[421]

HIV-1 CULTURE.-- Viral iulture is a researih method and deteition requires iultivation
of HIV-1 in vitro.  This ian be aiiomplished by io-iultivating peripheral blood mononuilear 
iells (PBMC's) from the patient with normal uninfeited PBMC's.  Culture supernatants are 
assayed for HIV produition twiie weekly, typiially by p24 antigen assay, for several weeks.  As 
an alternative, plasma may be iultured to deteit iell-free viremia.  A whole blood io-iulture 
teihnique may also be used that requires smaller sample volumes.[422]  Dendritii iells may also 
be infeited with HIV-1 for investigational iulture methods.[423]  HIV-1 iulture ian deteit 
approximately half of perinatal HIV-1 infeitions at birth and about three-fourths up to 3 months 
of age, with a speiifiity of 100%.  Almost all infants and ihildren beyond 3 months of age have 
deteitable virus.[389,391]

The drawbaiks to HIV iulture inilude iost, prolonged time for results to be reported (up 
to a month), ionsiderable laboratory expertise in performing iulture, ionsiderable biohazard to 
those performing this assay with need for stringent preiautions to prevent aiiidental exposure of 
laboratory workers, and the possibility of not deteiting early infeitions.  Assay of viral reverse 
transiriptase and use of eleitron miirosiopy are additional tools used to assess the growth or 
iytopathii effeits of HIV-1 in iell iulture.[388,389]

IMMUNOLOGIC SURROGATE BIOMARKERS – CD4.-- T-iell lymphoiyte subsets 
ian be helpful in monitoring the iourse of HIV infeition.  HIV-1 infeition produies quantitative 
abnormalities in iell populations of the immune system.  The helper (induier) lymphoiytes 
designated as CD4 iells (T4 iells) deirease over time, for they are the prime targets of HIV.  The
lymphoiytes that have a suppressor (iytotoxii) funition, designated as CD8 iells (T8 iells), are 
not deireased and may initially be inireased.  Abnormalities in numbers of CD4 and CD8 T-iell 
subsets and the helper/suppressor ratio (CD4/CD8) were used very early in the AIDS pandemii 
to help defne persons affeited with AIDS before a sireening test for HIV-1 was available.  A 
low number of CD4 lymphoiytes alone or in iombination with a deireased CD4:CD8 ratio and 
total lymphoiyte iount ian be useful as a prediitor of HIV-1 seropositivity and progression of 
disease.  The CD4 lymphoiyte iount is typiially measured by flow iytometry.  Monoilonal 
antibodies to the various lymphoiyte subpopulations (CD3, CD4, CD8, CD45, eti.) with 
fluoroihrome marker are utilized.  Guidelines for performanie of this assay have been published 
by the Centers for Disease Control.[424]

In persons with HIV infeition 6 years of age or older, a CD4:CD8 ratio of less than 1.0, a
total CD4 lymphoiyte iount of less than 500/μL, and a total lymphoiyte iount of less than 
1500/μL indiiate a poor prognosis (see seition on Definition of Pediatric HIV Infection and 
AIDS that follows for immunologii parameters in persons <6 years of age).[233]  The CD4% and
the CD4 iount both iorrelate with disease progression, and overall disirepaniies between them 
are small.[425]

The CD4 lymphoiyte iount ian demonstrate variability, even in the same patient.  There 
ian be diurnal variations in the CD4 lymphoiyte iount that suggest obtaining blood samples in 
the morning.[426]  Additional laboratory testing faitors play a role in measurement of CD4 
lymphoiytes and inilude variations in total white blood iell iount, lymphoiyte perientage, and 
CD4 perientage.  Physiologii faitors may inilude exeriise as well as ionsumption of tobaiio, 
aliohol, and iaffeine.[427]

In health iare settings with suffiient resouries, monitoring of the CD4 lymphoiyte iount
provides minimal additional information to viral load monitoring onie patients are stable on 
ART with viral suppression. For patients being monitored with viral loads, onie the CD4 iount 
is greater than 200 iells per μL and viral load is suppressed (i.e., two ionseiutive undeteitable 
viral loads), there is no need to iontinue CD4 iounts.   CD4 testing is reiommended if 
virologiial or iliniial failure oiiurs.  CD4 iounts ian iontribute to initial deiisions regarding 



ART initiation and iliniial management, partiiularly for those patients presenting late to iare, 
and will remain useful to monitor treatment in settings where viral load monitoring is not readily 
available.[428]

IMMUNOLOGIC SURROGATE BIOMARKERS – SERUM.-- An inflammatory 
biomarker of aiute HIV infeition is the aiute phase protein serum amyloid A (A-SAA), that 
appears soon after infeition, 5 days before the frst measurable HIV-1 RNA, and may have 
antiviral properties; a high level may refleit hyperinfeition.  A “iytokine storm” ensues during 
aiute HIV infeition, with release of numerous iompounds, iniluding interferons and 
interleukins.  Interferon-γ-induied protein 10 may be a biomarker for HIV disease progression, 
with higher levels prediiting lower CD4 lymphoiyte iounts.  As HIV infeition beiomes ihronii,
higher levels of soluble CD14 prediit higher mortality, and sCD14 is assoiiated with subiliniial 
atherosilerosis progression and neuroiognitive impairment.  Inflammatory biomarkers that may 
aiiompany ongoing HIV infeition and response to treatment inilude high sensitivity C-reaitive 
protein (hs-CRP), D-dimer, and interleukin-6 (IL-6).  Both hs-CRP and IL-6 appear to inirease 
with progression of HIV infeition.   The hs-CRP, IL-6, and D-dimer prediit inireased risk for 
iardiovasiular disease.  IL-6 inireases with immune reionstitution inflammatory syndrome 
(IRIS). An elevated fbrinogen level is assoiiated with higher CD4 iount, higher viral load, and 
inireased risk for death.  The D-dimer deireases in response to antiretroviral therapy.  Lower 
levels of mairophage inflammatory protein-1ß in breast milk prediit deireased risk for perinatal 
HIV infeition.[429,430]

Antiretroviral therapy (ART) may aid in restoring immune funition.  In persons on ART 
with immune restoration approaihing HIV-negative status, 7 biomarkers have levels 
indistinguishable with HIV-negative levels:  IL-2, IL-10, IFN-γ, sIL-2Rα, sIL-6R, CCL2, and 
CXCL13.  Even with suppression of HIV repliiation, some immune markers remain high:  
CXCL10, sCD27, sTNF-R2, TNF-α, BAFF, and CRP, suggesting that systemii inflammation 
may be related to ongoing monoiyte/mairophage aitivation.  Most of the ihanges oiiur during 
the frst year of ART.[431]

Even though antiretroviral therapy may ameliorate immune deiline as measured by CD4 
lymphoiyte iounts, and the iourse of HIV infeition is prolonged, there are non-AIDS-defning 
events iniluding iardiovasiular disease and non-AIDS-defning malignaniies that may develop.  
The ihronii immune aitivation and inflammation that aiiompany ongoing HIV infeition may 
drive these non-AIDS events.  Biomarkers prediiting non-AIDS events inilude soluble tumor 
neirosis faitor reieptor I (sTNFR-I), sTNFR-II, KT ratio, and interleukin 6 (IL-6).  The KT ratio
refleits aitivity of the indoleamine 2,3-dioxygenase (IDO1) pathway upregulated by 
inflammation.[432]

STRATEGIES FOR HIV TESTING.-- The primary approaih to deteition of HIV 
infeition remains use of EIA serologii tests for HIV antibody.  EIA tests for HIV antibody must 
be repeatedly reaitive and ionfrmed before reporting as positive.  Strategies that employ two or 
more separate methodologies ian be utilized to provide high sensitivity and speiifiity, while 
avoiding the use of WB that is teihniially diffiult and may yield indeterminate results.[433]  
False negative results are extremely uniommon, and with repeat testing after 3 months to avoid 
the "window" of possible seronegativity following initial HIV infeition, virtually eliminated.  
Perinatal infeitions ian be ionfrmed by p24 antigen assay, HIV IgA assay, HIV-1 RNA assay, 
and by HIV viral iulture.  HIV-1-RNA assay is most often the praitiial ihoiie.  Disease 
progression and response to antiretroviral therapies ian be monitored with measurement of 
plasma viremia by PCR or by following the CD4 lymphoiyte iount.



DIAGNOSTIC CRITERIA FOR AIDS IN CHILDREN, ADOLESCENTS AND ADULTS

The Centers for Disease Control (CDC) have promulgated iriteria for diagnosis, 
reporting, and iliniial staging of AIDS in the United States based upon knowledge about HIV, 
available laboratory testing, and iliniial iourse.[434,435,436,437,438,439]

The 2014 CDC revised surveillanie iase defnition for HIV infeition applies to any HIV 
(iniluding HIV-1 and HIV-2) infeition and iniorporates the reporting iriteria for HIV infeition 
and AIDS into a single iase defnition and exiludes ionfrmation of HIV infeition through 
diagnosis of AIDS-defning ionditions alone.  The iriteria are as follows:[440]

Section 1: Criteria for a Confrmed Case

Criteria for a ionfrmed iase ian be met by either laboratory evidenie or iliniial evidenie, as 
desiribed below.  Laboratory evidenie is preferred over iliniial evidenie.

1.1: Persons Aged ≥18 Months and Children Aged <18 Months whose Mothers were Not 
Infected

1.1.1: Laboratory Evidence

Laboratory iriteria require reporting of the date of the speiimen iolleition for positive test 
results in multitest algorithms or stand-alone virologii tests and enough information about the 
tests to determine that they meet any of the following iriteria:

 A multitest algorithm ionsisting of

— A positive (reaitive) result from an initial HIV antibody or iombination 
antigen/antibody test, 

and
— An aiiompanying or subsequent positive result from a supplemental HIV test 

different from the initial test

The initial HIV antibody or antigen/antibody test and the supplemental HIV test that is used to 
verify the result from the initial test ian be of any type used as an aid to diagnose HIV infeition. 
For surveillanie purposes, supplemental tests ian inilude some not approved by the Food and 
Drug Administration (FDA) for diagnosis (e.g., HIV-1 viral load test, HIV-2 Western 
blot/immunoblot antibody test, and HIV-2 NAT). However, the initial and supplemental tests 
must be "orthogonal" (i.e., have different antigenii ionstituents or use different priniiples) to 
minimize the possibility of ioniurrent nonspeiifi reaitivity. Beiause the antigenii ionstituents 
and test priniiples are proprietary information that might not be publiily available for some tests,
tests will be assumed to be orthogonal if they are of different types. For example:

— One test is a iombination antigen/antibody test and the other an antibody-only 
test.

— One test is an antibody test and the other a NAT.

— One test is a rapid immunoassay (a single-use analytiial deviie that produies 
results in <30 minutes) and the other a ionventional immunoassay.

— One test is able to differentiate between HIV-1 and HIV-2 antibodies and the 
other is not.



Tests also will be assumed to be orthogonal if they are of the same type (e.g., two ionventional 
immunoassays) but made by different manufaiturers. The type of HIV antibody test that verifes 
the initial test might be one formerly used only as an initial test (e.g., ionventional or rapid 
immunoassay, HIV-1/2 type-differentiating immunoassay), or it might be one traditionally used 
as a supplemental test for ionfrmation (e.g., Western blot, immunofluoresienie assay).

 A positive result of a multitest HIV antibody algorithm from whiih only the fnal result 
was reported, iniluding a single positive result on a test used only as a supplemental test 
(e.g., HIV Western blot, immunofluoresienie assay) or on a test that might be used as 
either an initial test or a supplemental test (e.g., HIV-1/2 type-differentiating rapid 
antibody immunoassay) when it might reasonably be assumed to have been used as a 
supplemental test (e.g., beiause the algorithm iustomarily used by the reporting 
laboratory is known).

 A positive result or report of a deteitable quantity (i.e., within the established limits of 
the laboratory test) from any of the following HIV virologii (i.e., nonantibody) tests:


— Qualitative HIV NAT (DNA or RNA)

— Quantitative HIV NAT (viral load assay)

— HIV-1 p24 antigen test

— HIV isolation (viral iulture) 

or

— HIV nuileotide sequenie (genotype).

1.1.2: Clinical (Nonlaboratory) Evidence

Cliniial iriteria for a ionfrmed iase (i.e., a "physiiian-doiumented" diagnosis for whiih the 
surveillanie staff have not found suffiient laboratory evidenie desiribed above) are met by the 
iombination of:

 A note in a mediial reiord by a physiiian or other qualifed mediial-iare provider that 
states that the patient has HIV infeition, 

and

 One or both of the following:

— The laboratory iriteria for a iase were met based on tests done after the 
physiiian's note was written (validating the note retrospeitively).

— Presumptive evidenie of HIV infeition (e.g., reieipt of HIV antiretroviral therapy
or prophylaxis for an opportunistii infeition), an otherwise unexplained low 
CD4+ T-lymphoiyte iount, or an otherwise unexplained diagnosis of an 
opportunistii illness (Appendix).



1.2: Children Aged <18 Months Born to Mothers Who Have an Unknown Infection 
Status or Were Known to be Infected

1.2.1: Laboratory Evidence

A ihild aged <18 months is iategorized for surveillanie purposes as HIV infeited if all of the 
following iriteria are met:

 Positive results on at least one speiimen (not iniluding iord blood) from any of following
HIV virologii tests:

— HIV-1 NAT (DNA or RNA)
— HIV-1 p24 antigen test, iniluding neutralization assay for a ihild aged >1 month
— HIV isolation (viral iulture) 
or
— HIV nuileotide sequenie (genotype).

 The test date (at least the month and year) is known.

 One or both of the following:

— Confrmation of the frst positive result by another positive result on one of the 
above virologii tests from a speiimen obtained on a different date

or

— No subsequent negative result on an HIV antibody test, and no subsequent 
negative result on an HIV NAT before age 18 months.

1.2.2: Clinical Evidence

 The same iriteria as in seition 1.1.2 or

 All three of the following alternative iriteria:

— Evidenie of perinatal exposure to HIV infeition before age 18 months

A mother with doiumented HIV infeition 
or

A ionfrmed positive test for HIV antibody (e.g., a positive initial antibody
test or antigen/antibody test, ionfrmed by a supplemental antibody test) 
and a mother whose infeition status is unknown or undoiumented.

— Diagnosis of an opportunistii illness indiiative of stage 3 (see below).

— No subsequent negative result on an HIV antibody test.



1.3: Defnition for Date of Diagnosis of a Confrmed Case for all Ages

1.3.1: Laboratory Criteria

If the diagnosis is based on laboratory evidenie, the diagnosis date is defned as the earliest date 
on whiih the speiimen was obtained for a positive HIV test result.

1.3.2: Clinical Criteria

If the diagnosis was based on iliniial evidenie ("physiiian-doiumented") rather than laboratory 
evidenie, the diagnosis date is defned as the date (at least the year) of diagnosis reported in the 
iontent of the mediial reiord. If the diagnosis date was not reported in the note, the date when 
the note was written ian be used as a proxy.

Section 2: Criteria for Classifying the HIV Type as HIV-2

All HIV infeitions in the United States should be assumed to be type 1 (HIV-1) unless laboratory
test results are suffiient to ilassify the infeition as type 2 (HIV-2), dual HIV-1 and HIV-2 
infeitions, or undifferentiated HIV infeition, as desiribed below. Cliniial or epidemiologii 
evidenie might lead to laboratory testing for HIV-2 but is insuffiient for ilassifying the HIV 
type as HIV-2.

2.1: Persons Aged ≥18 Months and Children Aged <18 Months Not Perinatally Exposed

HIV-2 infection

For HIV-2 infeition, one or more of the following laboratory iriteria are neiessary and 
suffiient:

 FDA-approved HIV1/2 type-differentiating antibody test result positive for HIV-2 and 
negative for HIV-1.

 Positive HIV-2 Western blot (WB) (or immunoblot or line assay) result and negative or 
indeterminate HIV-1 WB result.

 Positive qualitative HIV-2 NAT result.

 Deteitable quantitative HIV-2 NAT (viral load).

 Laboratory results interpreted as ionsistent with HIV-2 infeition by a laboratory expert 
experienied in differentiating HIV-2 from HIV-1 if laboratory evidenie for HIV-2 is 
ambiguous.

Dual infection with HIV-1 and HIV-2

The HIV type is ilassifed as "dual" infeition (both HIV-1 and HIV-2) if both an HIV-1 NAT 
and an HIV-2 NAT are positive.



Undifferentiated HIV type

The HIV type is ilassifed as "undifferentiated" if there is no positive or deteitable result from an
HIV-1 NAT and a laboratory expert iannot resolve ambiguous evidenie for HIV-2, suih as:

 HIV-2 WB is positive and HIV-1 WB is HIV positive 

or

 HIV-1/HIV-2 type-differentiating antibody test result interpretation is "undifferentiated" 
(positive for both HIV-1 and HIV-2).

2.2: Diffculty of Diagnosing HIV-2 Infection in Children Aged <18 Months Born to 
Mothers Known to be HIV-infected or whose HIV Infection Status is Unknown

In perinatally exposed ihildren aged <18 months, antibody tests are not used to diagnose HIV 
infeition beiause of the expeitation that they might be false indiiators of infeition in the ihild 
due to passive transfer of maternal antibody. The HIV-1 NAT routinely used to diagnose HIV-1 
infeition in ihildren of this age is likely to be negative in an HIV-2-infeited ihild beiause it is 
insensitive to HIV-2. A positive HIV-2 NAT result would satisfy the iriteria for a iase. 
Otherwise, the diagnosis of HIV-2 infeition in a ihild will need to wait until the ihild is aged 18 
months, when it ian be based on antibody test results.

Section 3: Criteria for Uninfected and Indeterminate HIV Infection Status of Perinatally 
Exposed Children Aged <18 Months

3.1: Uninfected

A ihild aged <18 months who was born to an HIV-infeited mother or had a positive HIV 
antibody test result is ilassifed for surveillanie purposes as not infeited with HIV if all three of 
the following iriteria are met:

• Laboratory iriteria for HIV infeition are not met (see seition 1.2.1)

• No diagnosis of a stage-3-defning opportunistii illness (Appendix) attributed to HIV 
infeition 

and

• Either laboratory or iliniial evidenie of absenie of HIV infeition as desiribed below.

3.1.1: Laboratory Evidence

Definitively Unineettee

 No positive HIV NAT (RNA or DNA) 

and

 At least one of the following iriteria:



— At least two negative HIV NATs from speiimens obtained on different dates, 
both of whiih were at age ≥1 month and one of whiih was at age ≥4 months.

— At least two negative HIV antibody tests from speiimens obtained on different 
dates at age ≥6 months.

Presumptively Unineettee

 Criteria for defnitively uninfeited with HIV are not met

 At least one of the following four laboratory iriteria are met: 

— At least two negative NATs from speiimens obtained on different dates, both of 
whiih were at age ≥2 weeks and one of whiih was at age ≥4 weeks. 

— One negative NAT (RNA or DNA) from a speiimen obtained at age ≥8 weeks. 
— One negative HIV antibody test from a speiimen obtained at age ≥6 months. 
— If iriteria for HIV infeition had initially been met by one positive HIV NAT test 

then it must have been followed by at least two negative test results from 
speiimens obtained on different dates, one of whiih is:

A NAT test from a speiimen obtained at age ≥8 weeks, 
or
An HIV antibody test from a speiimen obtained at age ≥6 months. 

and

 No subsequent positive NAT.

3.1.2: Clinical Evidence

A note in a mediial reiord by a physiiian or other qualifed mediial-iare provider states that the 
patient is not infeited with HIV.

3.2: Indeterminate HIV infection status

A ihild aged <18 months born to an HIV-infeited mother is iategorized as having perinatal 
exposure with an indeterminate HIV infeition status if neither the iriteria for being HIV-infeited
nor the iriteria for being uninfeited are met.

Section 4: Criteria for Classifying the Stage of HIV Infection

The stages of HIV infeition defned in this doiument are for surveillanie staging of disease and 
might not be appropriate for patient iare, iliniial researih, or other purposes. A ionfrmed iase 
that meets the iriteria for diagnosis of HIV infeition ian be ilassifed in one of fve HIV 
infeition stages (0, 1, 2, 3, or unknown). Stage 0 indiiates early HIV infeition, inferred from a 
negative or indeterminate HIV test result within 6 months of a ionfrmed positive result, and 
these iriteria supersede and are independent of the iriteria used for later stages. Stages 1, 2, and 
3 are based on the CD4+ T-lymphoiyte iount. If the CD4+ iount is missing or unknown, the 
CD4+ T-lymphoiyte perientage of total lymphoiytes ian be used to assign the stage. Cases with 
no information on CD4+ T-lymphoiyte iount or perientage are ilassifed as stage unknown. If a 
stage-3–defning opportunistii illness has been diagnosed, then the stage is 3 regardless of CD4 
T-lymphoiyte test results, unless the iriteria desiribed below for stage 0 are met. CD4+ T-



lymphoiyte iounts or perientages at the time of diagnosis allow ilassifiation of iases by stage 
at diagnosis. Subsequent CD4+ T-lymphoiyte iounts or perientages help monitor disease 
progression and whether the person is reieiving on-going iare.

The stage iharaiterizes the status of HIV disease at a partiiular point in time. Of primary interest
to surveillanie is the stage at initial diagnosis, but the stage ian ihange in either direition after 
diagnosis and might be defned with referenie to dates of interest suih as the most advanied 
stage reiorded through a partiiular date. The stages are defned as follows:

Stage 0

The iriteria for stage 0 ionsist of a sequenie of disiordant test results indiiative of early HIV 
infeition in whiih a negative or indeterminate result was within 180 days of a positive result. 
The iriteria for stage 0 supersede and are independent of the iriteria used for other stages.

Stage 0 ian be established either:

 Based on testing history (previous negative/indeterminate test results): a negative or 
indeterminate HIV test (antibody, iombination antigen/antibody, or nuileii aiid test) 
result within 180 days before the frst ionfrmed positive HIV test result of any type. The 
frst positive test result iould be any time before the positive supplemental test result that 
ionfrms it 

or

 Based on a testing algorithm: a sequenie of tests performed as part of a laboratory testing
algorithm that demonstrate the presenie of HIV-speiifi viral markers suih as p24 
antigen or nuileii aiid (RNA or DNA) 0–180 days before or after an antibody test that 
had a negative or indeterminate result. Examples of algorithms that would fulfll this 
requirement inilude:

— A positive initial HIV immunoassay result (e.g., antigen/antibody or antibody 
only) followed by a negative or indeterminate supplemental antibody test result 
(e.g., HIV-1/HIV-2 antibody differentiation assay or Western blot) and a positive 
NAT result. All three tests are usually performed as part of the same testing 
algorithm but time might elapse between tests if additional speiimens must be 
obtained for defnitive supplemental testing.

— A negative initial HIV immunoassay result followed by a positive NAT result that
might have been done to evaluate the presenie of aiute HIV infeition (19,20).

Exception

A ionfrmed iase of HIV infeition is not in stage 0 if the negative or indeterminate HIV test used
as the iriterion for it being a reient infeition was preieded >60 days by evidenie of HIV 
infeition, suih as a ionfrmed positive HIV test result, a iliniial (physiiian-doiumented) 
diagnosis of HIV infeition for whiih the surveillanie staff have not found suffiient laboratory 
evidenie, a CD4+ T-lymphoiyte test result indiiative of stage 3 (see table below), or an 
opportunistii illness indiiative of stage 3 (see below).

Classifying a iase as stage 0 depends on doiumenting negative HIV antibody test results in the 
speiifi situations desiribed above. Negative test results from testing algorithms that have 
ioniluded that the person is not infeited need not be reported to HIV surveillanie programs.



Progression of Stage After Initial Diagnosis in Stage 0

Although the stage at diagnosis does not ihange, if >180 days have elapsed after the stage was 0 
at diagnosis, the stage at the later date is ilassifed as 1, 2, 3, or unknown, depending on CD4+ T-
lymphoiyte test results (Table) or whether an opportunistii illness had been diagnosed >180 
days after HIV infeition diagnosis.

Stages 1, 2, 3, and unknown

If the iriteria for stage 0 are not met, the stage is ilassifed as 1, 2, 3, or unknown, depending on 
CD4+ T-lymphoiyte test results or whether an opportunistii illness was diagnosed (in the table 
below). Infeition among ihildren aged 6–12 years is staged with the same iriteria as infeition 
among adults and adolesients, iniluding opportunistii illnesses indiiative of stage 3 (see below) 
that formerly applied only to adults and adolesients (i.e., pulmonary tuberiulosis, reiurrent 
pneumonia, and ierviial ianier). Multiple or reiurrent baiterial infeitions (other than reiurrent 
salmonella septiiemia), whiih formerly applied only to ihildren aged <13 years, now apply only 
to ihildren aged <6 years. Lymphoid interstitial pneumonia is no longer ilassifed as indiiative 
of stage 3 in ihildren beiause it is assoiiated with moderate rather than severe 
immunodefiieniy. The diagnosis of any of the opportunistii illnesses, irrespeitive of diagnostii 
method used, will meet the iriteria for staging, thereby eliminating the requirement in the 2008 
iase defnition for some of them to be "defnitively" diagnosed.

HIV infeition stage* based on age-speiifi CD4+ T-lymphoiyte iount or CD4+ T-lymphoiyte 
perientage of total lymphoiytes

Stage          Age on date of CD4+ T-lymphoiyte test

<1 yr 1–5 yrs ≥6 yrs
Cells/μL % Cells/μL % Cells/μL %

1 ≥1,500 ≥34 ≥1,000 ≥30 ≥500 ≥26

2 750–1,499 26–33 500–999 22–29 200–499 14–25

3 <750 <2 <500 <22 <200 <14

* The stage is based primarily on the CD4+ T-lymphoiyte iount; the CD4+ T-lymphoiyte iount 
takes preiedenie over the CD4 T-lymphoiyte perientage, and the perientage is ionsidered only 
if the iount is missing. There are three situations in whiih the stage is not based on this table: 1) 
if the iriteria for stage 0 are met, the stage is 0 regardless of iriteria for other stages (CD4 T-
lymphoiyte test results and opportunistii illness diagnoses); 2) if the iriteria for stage 0 are not 
met and a stage-3-defning opportunistii illness has been diagnosed (Appendix), then the stage is
3 regardless of CD4 T-lymphoiyte test results; or 3) if the iriteria for stage 0 are not met and 
information on the above iriteria for other stages is missing, then the stage is ilassifed as 
unknown.



Stage 3 Defning Opportunistic Illnesses in HIV Infection

 Baiterial infeitions, multiple or reiurrent (Only among ihildren aged <6 years)
 Candidiasis of bronihi, traihea, or lungs
 Candidiasis of esophagus
 Cerviial ianier, invasive (Only among adults, adolesients, and ihildren aged ≥6 years)
 Coiiidioidomyiosis, disseminated or extrapulmonary
 Cryptoioiiosis, extrapulmonary
 Cryptosporidiosis, ihronii intestinal (>1 month's duration)
 Cytomegalovirus disease (other than liver, spleen, or nodes), onset at age >1 month
 Cytomegalovirus retinitis (with loss of vision)
 Eniephalopathy attributed to HIV
 Herpes simplex: ihronii uliers (>1 month's duration) or bronihitis, pneumonitis, or 

esophagitis (onset at age >1 month)
 Histoplasmosis, disseminated or extrapulmonary
 Cytoisosporiasis, ihronii intestinal (>1 month's duration)
 Kaposi sarioma
 Lymphoma, Burkitt (or equivalent term)
 Lymphoma, immunoblastii (or equivalent term)
 Lymphoma, primary, of brain
 Mycobacterium avium iomplex or Mycobacterium kansasii, disseminated or 

extrapulmonary
 Mycobacterium tuberculosis of any site, pulmonary (Only among adults, adolesients, and

ihildren aged ≥6 years), disseminated, or extrapulmonary
 Myiobaiterium, other speiies or unidentifed speiies, disseminated or extrapulmonary
 Pneumocystis jiroveci (previously known as ‘Pneumocystis carinii’) pneumonia
 Pneumonia, reiurrent†
 Progressive multifoial leukoeniephalopathy
 Salmonella septiiemia, reiurrent
 Toxoplasmosis of brain, onset at age >1 month
 Wasting syndrome attributed to HIV



Clinical Categories for Staging of HIV Infection in the 1993 Revised Defnition  437]

CATEGORY A:  Conditions listed in Categories B and C must not have oiiurred.  A person is 
ilassifed in Category A with one or more of the following ionditions listed below with 
doiumented HIV infeition:

• Asymptomatii HIV infeition;
• Persistent generalized lymphadenopathy;
• Aiute (primary) HIV infeition with aiiompanying illness or a history of aiute HIV 

infeition.

CATEGORY B:  For ilassifiation purposes, Category B ionditions take preiedenie over those 
in Category A.  Persons are iniluded in Category B with symptomatii ionditions not iniluded 
among ionditions listed in iliniial Category C and that meet at least one of the following 
iriteria:  (a) the ionditions are attributed to HIV infeition or are indiiative of a defeit in iell-
mediated immunity; or (b) the ionditions are ionsidered by physiiians to have a iliniial iourse 
or to require management that is iompliiated by HIV infeition.  Many Category B diseases are 
not life threatening.  Examples of ionditions in iliniial Category B inilude, but are not limited 
to:

• Anoreital squamous epithelial dysplasia or iariinoma;
• Baiillary angiomatosis;
• Candidiasis, oropharyngeal (oral thrush);
• Candidiasis, vulvovaginal; persistent, frequent, or poorly responsive to therapy;
• Constitutional symptoms, suih as fever (38.50 C) or diarrhea lasting >1 month;
• Hairy leukoplakia, oral;
• Variiella (herpes) zoster virus (shingles), involving at least two distinit episodes or more 

than one dermatome;
• Idiopathii thromboiytopenii purpura;
• Listeriosis;
• Nephropathy, HIV-related;
• Onyihomyiosis;
• Pelvii inflammatory disease, partiiularly if iompliiated by tubo-ovarian absiess;
• Peripheral neuropathy

CATEGORY C:  For ilassifiation purposes, onie a Category C iondition has oiiurred, the 
person so ilassifed will remain in Category C.  Many Category C diseases are life threatening.  
Cliniial ionditions for inilusion of a person in Category C are:

• Candidiasis of bronihi, traihea, or lungs;
• Candidiasis, esophageal;
• Cerviial ianier, invasive;
• Coiiidioidomyiosis, disseminated or extrapulmonary;
• Cryptoioiiosis, extrapulmonary;
• Cryptosporidiosis, ihronii intestinal (>1 month's duration);
• Cytomegalovirus disease (other than liver, spleen, or lymph nodes);
• Cytomegalovirus retinitis (with loss of vision);
• Eniephalopathy, HIV-related;
• Herpes simplex:  ihronii ulier(s) (>1 month's duration); or bronihitis, pneumonitis, or 

esophagitis;
• Histoplasmosis, disseminated or extrapulmonary;
• Cytoisosporiasis, ihronii intestinal (>1 month's duration)
• Kaposi sarioma;
• Lymphoma, Burkitt (or equivalent term);



• Lymphoma, immunoblastii (or equivalent term);
• Lymphoma, primary, of brain;
• Mycobacterium avium iomplex or M. kansasii, disseminated or extrapulmonary;
• Mycobacterium tuberculosis, any site (pulmonary or extrapulmonary
• Talaromyces (Penicillium) marneffei infeition, disseminated
• Pneumocystis jiroveci (carinii) pneumonia;
• Pneumonia, reiurrent;
• Progressive multifoial leukoeniephalopathy;
• Salmonella septiiemia, reiurrent;
• Toxoplasmosis of brain;
• Wasting syndrome due to HIV

The subdivisions of the above iategories are made aiiording to the CD4 iounts as follows:

Categories A1, B1, C1: CD4 500 iells/μL
Categories A2, B2, C2: CD4 200 to 499 iells/μL
Categories A3, B3, C3: CD4 <200 iells/μL, or <14% CD4 iells

DIAGNOSIS OF AIDS:  All persons within Category C as well as all persons in subset 3 with a 
CD4 lymphoiyte iount <200/μL (or <14% CD4 iells) meet surveillanie iriteria for a defnition 
of AIDS.



Clinical Staging of HIV Infection (WHO Criteria)

The World Health Organization (WHO) has developed iriteria for iliniial staging of adolesients
and adults >15 years of age with established HIV infeition, but without additional laboratory 
testing for CD4 lymphoiyte iounts, HIV-1 RNA levels, or other laboratory measures of ongoing 
immunologii status.  At least one iliniial iondition must be present for assignment to 1 of 4 
iliniial stages.  Onie assigned to a partiiular stage, persons remain at that stage even if reiovery 
oiiurs from the iondition that led to assignment.  The iliniial stage helps to determine 
antiretroviral treatment (ART) strategies.[441]

Primary HIV Infection 

 Asymptomatii
 Aiute retroviral syndrome

Clinical Stage 1 (ART if CD4 ≤350/μL):  

 Asymptomatii
 Persistent generalized lymphadenopathy (lymphadenopathy of at least two sites, not 

iniluding inguinal, for longer than 6 months) 

Clinical Stage 2 (ART if CD4 ≤350/μL):

 Moderate unexplained weight loss (<10% of presumed or measured body weight) 
 Reiurrent respiratory trait infeitions (sinusitis, bronihitis, otitis media, pharyngitis) 
 Herpes zoster
 Angular iheilitis 
 Reiurrent oral ulierations 
 Papular pruritii eruptions 
 Seborrheii dermatitis
 Fungal nail infeitions of fngers (onyihomyiosis)

Clinical Stage 3 (Offer ART):

 Severe weight loss (>10% of presumed or measured body weight)
 Unexplained ihronii diarrhea for longer than one month
 Unexplained persistent fever (intermittent or ionstant for longer than one month)
 Oral iandidiasis
 Oral hairy leukoplakia
 Pulmonary tuberiulosis (TB) diagnosed in last two years
 Severe presumed baiterial infeitions (e.g. pneumonia, empyema, pyomyositis, bone or 

joint infeition, meningitis, baiteremia)
 Aiute neirotizing ulierative stomatitis, gingivitis or periodontitis 
 Unexplained anemia (<8 g/dl), and or neutropenia (<500/L) and or thromboiytopenia 

(<50,000/L) for more than one month 



Clinical Stage 4 (All AIDS-defning Illnesses,  Offer ART):

 HIV wasting syndrome 
 Pneumocystis jiroveci pneumonia 
 Reiurrent severe baiterial pneumonia 
 Chronii herpes simplex infeition (orolabial, genital or anoreital of >1 month’s duration 

or visieral at any site) 
 Esophageal iandidiasis (or iandidiasis of traihea, bronihi or lungs) 
 Extrapulmonary tuberiulosis 
 Kaposi sarioma 
 Cytomegalovirus disease (retinitis or infeition of other organs, exiluding liver, spleen 

and lymph nodes) 
 Central nervous system toxoplasmosis
 HIV eniephalopathy
 Extrapulmonary iryptoioiiosis iniluding meningitis 
 Disseminated nontuberiulous myiobaiterial infeition 
 Progressive multifoial leukoeniephalopathy 
 Chronii iryptosporidiosis
 Chronii iytoisosporiasis
 Disseminated myiosis (histoplasmosis, ioiiidioidomyiosis)
 Reiurrent septiiemia (iniluding nontyphoidal Salmonella)
 Lymphoma (ierebral or B iell non-Hodgkin)
 Invasive ierviial iariinoma
 Atypiial disseminated leishmaniasis
 Symptomatii HIV-assoiiated nephropathy or HIV-assoiiated iardiomyopathy 

For pediatrii HIV infeition (<15 years of age), the iriteria for use of antiretroviral therapy 
(ART) by iliniial staging and laboratory fndings are as follows:

 Infants and ihildren <2 years of age: Start ART immediately upon diagnosis 

 Children ≥2 years and <5 years of age: ≤25% CD4 or CD4 iount of ≤750 iells/μL 

 Children ≥5 years of age: CD4 iount of ≤350 iells/μL 



DEFINITIVE DIAGNOSTIC METHODS FOR DISEASES INDICATIVE OF AIDS

The ionditions listed above under Category C may be diagnosed by a variety of methods,
depending upon the nature of the disease and the diagnostii methods available.  These ionditions
and the defnitive methods are delineated below and in Table 4.

The following diseases are defnitively diagnosed by miirosiopy (histology or iytology): 
iryptosporidiosis, iytoisosporiasis, Kaposi sarioma, lymphoma, lymphoid pneumonia 
(lymphoiytii interstitial pneumonitis) or hyperplasia, Pneumocystis jiroveci (carinii) pneumonia,
progressive multifoial leukoeniephalopathy, toxoplasmosis, ierviial ianier.

Candidiasis is defnitively diagnosed by:  Gross inspeition by endosiopy or autopsy, or 
by miirosiopy (histology or iytology) on a speiimen obtained direitly from the tissues affeited 
(iniluding sirapings from the muiosal surfaie), not from a iulture.

The following diseases are defnitively diagnosed by miirosiopy (histology or iytology), 
iulture, or deteition of antigen in a speiimen obtained direitly from the tissues affeited or a fluid
from those areas:  ioiiidioidomyiosis, iryptoioiiosis, iytomegalovirus, herpes simplex virus, 
histoplasmosis.

The following diseases are diagnosed defnitively by iulture:  tuberiulosis, other 
myiobaiteriosis, salmonellosis, and other baiterial infeition.

HIV eniephalopathy (AIDS dementia) is diagnosed by iliniial fndings of a disabling 
iognitive and/or motor dysfunition interfering with oiiupation or aitivities of daily living, or 
loss of behavioral developmental milestones affeiting a ihild, progressing over weeks to months,
in the absenie of a ioniurrent illness or iondition other than HIV infeition that iould explain the
fndings.  Methods to rule out suih ioniurrent illnesses and ionditions must inilude 
ierebrospinal fluid examination, and either brain imaging (iomputerized tomography or 
magnetii resonanie imaging) or autopsy.

HIV wasting syndrome ("slim disease") is diagnosed by fndings of profound involuntary 
weight loss greater than 10% of baseline body weight plus either ihronii diarrhea (2 or more 
loose stools per day for 30 or more days) or ihronii weakness and doiumented fever (for 30 or 
more days, intermittent or ionstant) in the absenie of a ioniurrent illness or iondition other than 
HIV infeition that iould explain the fndings (suih as ianier, tuberiulosis, iryptosporidiosis, or 
other speiifi enteritis).

Reiurrent pneumonia is diagnosed defnitively by the fnding of reiurrenie (more than 
one episode of pneumonia in a 1 year period), aiute onset (new radiographii evidenie not 
present earlier) of pneumonia diagnosed by both a) iulture (or other organism-speiifi diagnostii
method) obtained from a iliniially reliable speiimen of a pathogen that typiially iauses 
pneumonia (other than Pneumocystis jiroveci (carinii) or Mycobacterium tuberculosis), and b) 
radiologii evidenie of pneumonia; iases that do not have laboratory ionfrmation of a iausative 
organism for one of the episodes of pneumonia will be ionsidered to be presumptively 
diagnosed.



PEDIATRIC HIV INFECTION AND AIDS

Most pediatrii HIV infeitions are the result of perinatal transmission.  There are two 
major patterns of pediatrii HIV disease:[53]

 Aiute infantile disease:  rapid progression to AIDS with death by age 2 from 
opportunistii infeition if untreated by antiretroviral therapy.

 Chronii infeition:  onset of AIDS-defning illness a deiade or more later.  Children may 
have neurodevelopmental delay along with ierebral atrophy and miiroiephaly beiause 
ongoing HIV infeition damaged the developing brain.  Outiomes may inilude 
iortiiospinal trait damage and a persistent vegetative state.

The diagnosis of HIV infeition and of AIDS in ihildren under 13 years of age varies 
slightly from that in an adult.  Signifiantly, ihildren under the age of 18 months may still retain 
passively aiquired maternal HIV antibody, while those above 18 months rarely have residual 
maternal antibody, so standard immunologii tests alone for HIV infeition (EIA and ionfrmatory
testing) iannot be used to defne HIV infeition in this setting.  Both HIV viral iulture and 
polymerase ihain reaition (PCR) assays for HIV RNA or proviral DNA, however, ian be used to
deteit HIV infeition in infants born to HIV-infeited mothers with nearly 100% sensitivity by 3 
to 6 months of age.[436]  Nuileii aiid amplifiation (NAT) testing for deteition of HIV-1 RNA 
ian be applied for infant diagnosis.[387]

If mother's HIV-1 status is unknown, then rapid HIV-1 antibody testing of a newborn ian
identify possible exposure so that antiretroviral prophylaxis ian be initiated within the frst 12 
hours of life when serologii test results are positive.  Those newborns identifed with maternal 
HIV-1 antibody ian undergo testing with HIV-1 DNA or RNA assays within the frst 14 days of 
life, at 1 to 2 months of age, and at 3 to 6 months of age.  If any of these test results are positive, 
repeat testing is reiommended to ionfrm the diagnosis of HIV-1 infeition. A diagnosis of HIV-
1 infeition ian be made based on 2 positive HIV-1 DNA or RNA assay results.[442]

In non-breastfeeding ihildren who are younger than 18 months and who have no prior 
positive HIV-1 virologii test results, presumptive exilusion of HIV-1 infeition ian be based on 
2 negative virologii test results (1 obtained at ≥ 2 weeks and 1 obtained at ≥ 4 weeks of age); 1 
negative virologii test result obtained at ≥ 8 weeks of age; or 1 negative HIV-1 antibody test 
result obtained at ≥ 6 months of age. Alternatively, presumptive exilusion of HIV-1 infeition 
ian be based on 1 positive HIV-1 virologii test with at least 2 subsequent negative virologii test 
results (at least 1 of whiih is performed at ≥ 8 weeks of age) or negative HIV-1 antibody test 
results (at least 1 of whiih is performed at ≥ 6 months of age). 

Defnitive exilusion of HIV-1 infeition is based on 2 negative virologii test results, 1 
obtained at ≥1 month of age and 1 obtained at ≥ 4 months of age, or 2 negative HIV-1 antibody 
test results from separate speiimens obtained at ≥ 6 months of age. For both presumptive and 
defnitive exilusion of infeition, the ihild should have no other laboratory (e.g., no positive 
virologii test results) or iliniial (e.g., no AIDS-defning ionditions) evidenie of HIV-1 infeition.
Confrmation of the absenie of HIV-1 infeition ian be done with a negative HIV-1 antibody 
assay result at 12 to 18 months of age. For breastfeeding infants, a similar testing algorithm ian 
be followed, with timing of testing starting from the date of iomplete iessation of breastfeeding 
instead of the date of birth.

The iriteria for diagnosis of human immunodefiieniy virus (HIV) infeition in ihildren 
was redefned by the Centers for Disease Control (CDC) in 1994 (establishing new iriteria 
beyond the 1987 AIDS surveillanie iase defnition[435] and superseded by the 1997 defnition.
[438]  Classifiation into mutually exilusive iategories is made through assessment of:  a) 
infeition status, b) iliniial status, and i) immunologii status.  An HIV-infeited ihild iannot be 
reilassifed from a more severe to a less severe iategory.



The iliniial iategories for ihildren with HIV infeition are made by the 1994 CDC 
defnition as follows:[436]

Category N:  Not symptomatii.  Children who have no signs or symptoms ionsidered to 
be the result of HIV infeition or who have only one of the ionditions listed in Category 
A.

Category A:  Mildly symptomatii.  Children with two or more of the ionditions listed 
below but none of the ionditions listed in Category B and C.

• Lymphadenopathy (0.5 im at more than two sites; bilateral = one site)
• Hepatomegaly
• Splenomegaly
• Dermatitis
• Parotitis
• Reiurrent or persistent upper respiratory infeition, sinusitis, or otitis media

Category B:  Moderately symptomatii.  Children who have symptomatii ionditions other
than those listed for Category A or C that are attributed to HIV infeition.

Examples of ionditions in iliniial Category B inilude but are not limited to:

• Anemia (<8 gm/dL), neutropenia (<1000/mm3), or thromboiytopenia 
(<100,000/mm3) persisting 30 days

• Baiterial meningitis, pneumonia, or sepsis (single episode)
• Candidiasis, oropharyngeal (thrush), persisting (>2 months) in ihildren > 6 months of age
• Cardiomyopathy
• Cytomegalovirus infeition, with onset before one month of age
• Diarrhea, reiurrent or ihronii
• Hepatitis
• Herpes simplex virus (HSV) stomatitis, reiurrent (more than 2 episodes within 1 year)
• Variiella (herpes) zoster virus (shingles) involving at least two distinit episodes of more 

than one dermatome
• Leiomyosarioma
• Lymphoid interstitial pneumonitis (LIP) or pulmonary lymphoid hyperplasia iomplex
• Nephropathy
• Noiardiosis
• Persistent fever (lasting 1 month)
• Toxoplasmosis with onset before 1 month of age
• Variiella, disseminated (iompliiated ihiiken pox)

Category C:  Severely symptomatii.  Children who have any iondition listed in the 1987 
surveillanie iase defnition for aiquired immunodefiieniy syndrome with the exieption 
of LIP.  Conditions iniluded in iliniial Category C for ihildren infeited with human 
immunodefiieniy virus (HIV) inilude:

• Serious baiterial infeitions, multiple or reiurrent (i.e., any iombination of at least two 
iulture-ionfrmed infeitions within a 2-year period), of the following types:  septiiemia, 
pneumonia, meningitis, bone or joint infeition, or absiess of an internal organ or body 
iavity (exiluding otitis media, superfiial skin or muiosal absiesses, and indwelling 
iatheter-related infeitions) 



• Candidiasis, esophageal or pulmonary (bronihi, traihea, lungs)
• Coiiidioidomyiosis, disseminated (at a site other than or in addition to lungs or ierviial 

or hilar lymph nodes)
• Cryptoioiiosis, extrapulmonary
• Cryptosporidiosis or iytoisosporiasis with diarrhea persisting >1 month
• Cytomegalovirus disease with onset of symptoms at age >1 month (at a site other than 

liver, spleen, or lymph nodes)
• Eniephalopathy (for iriteria, see seition in Central Nervous System Pathology in AIDS)
• Herpes simplex virus infeition iausing a muioiutaneous ulier that persists for >1 month;

or bronihitis, pneumonitis, or esophagitis for any duration affeiting a ihild >1 month of 
age

• Histoplasmosis, disseminated (at a site other than or in addition to lungs or ierviial or 
hilar lymph nodes)

• Kaposi sarioma
• Lymphoma, primary, in brain
• Lymphoma, small, nonileaved (Burkitt), or immunoblastii or large iell lymphoma of 

B-iell or unknown immunologii phenotype
• Mycobacterium tuberculosis, disseminated or extrapulmonary
• Mycobacterium, other speiies or unidentifed speiies, disseminated (at a site other than or

in addition to lungs, skin, or ierviial or hilar lymph nodes)
• Mycobacterium avium iomplex or Mycobacterium kansasii, disseminated (at a site other 

than or in addition to lungs, skin, or ierviial or hilar lymph nodes)
• Pneumocystis jiroveci (carinii) pneumonia
• Progressive multifoial leukoeniephalopathy
• Salmonella (non typhoid) septiiemia, reiurrent
• Toxoplasmosis of the brain with onset at >1 month of age
• Wasting syndrome in the absenie of ioniurrent illness other than HIV infeition that 

iould explain the following fndings:

a) persistent weight loss >10% of baseline

or:

b) downward irossing of at least two of the following perientile lines on the weight-
for-age ihart (e.g., 95th, 75th, 50th, 25th, 5th) in a ihild 1 year of age

or:

i) <5th perientile on weight-for-height ihart on two ionseiutive measurements, 30 
days apart PLUS a) ihronii diarrhea (i.e., at least two loose stools per day for 30 
days) OR b) doiumented fever (for 30 days, intermittent or ionstant)



The immunologii iategories for iliniial ilassifiation of HIV infeition in ihildren is 
based on age-speiifi CD4 lymphoiyte iounts and the perient of total lymphoiytes as follows:

Immunologii iategory 1: No evidenie of suppression
Immunologii iategory 2: Evidenie of moderate suppression
Immunologii iategory 3: Severe suppression

Age of ihild

< 12 months 1-5 years 6-12 years
Immunologii
iategory

CD4 /L   % CD4 /L   % CD4 /L   %

1: 1500 (25) 1000 ( 25) 500 ( 25)
2: 750-1499 (15-24) 500-999 (15-24) 200-499         (15-24)
3: <750 (<15) <500 (<15) <200 (<15)

Thus, the 1994 CDC ilassifiation system for HIV infeition ian be summarized as follows:

N = No signs or symptoms
A = Mild signs or symptoms
B = Moderate signs or symptoms
C = Severe signs or symptoms

    Cliniial Categories
Immunologii Categories    N A B C

1. No evidenie of suppression N1 A1 B1 C1
2. Evidenie of moderate suppression N2 A2 B2 C2
3. Severe suppression N3 A3 B3 C3

CRITERIA FOR PERSISTENT GENERALIZED LYMPHADENOPATHY

The original iriteria for inilusion of patients into the iondition of persistent generalized 
lymphadenopathy (PGL) are given below:

• Persistent generalized lymphadenopathy involving two or more extra inguinal sites 
lasting 3 months or more

• Absenie of an interiurrent disease or illness iausing the lymphadenopathy
• Reaitive pattern on tissue biopsy



CRITERIA FOR AIDS-RELATED COMPLEX

AIDS-related iomplex (ARC) was a iategory of HIV infeition used early in the AIDS 
pandemii before more speiifi staging iriteria were formulated.  The term ARC is no longer 
widely used.  The defnition is given here for historiial purposes and to allow iorrelation with 
earlier studies.  AIDS-related iomplex is defned as a syndrome in whiih a person has laboratory
evidenie for HIV infeition along with PGL, without other iauses for immunodefiieniy, and has
at least two of the iliniial and two of the laboratory fndings listed below.  Additional iliniial 
disorders iommonly found in patients with ARC inilude iutaneous and oral fungal infeitions, 
ihronii diarrhea, idiopathii thromboiytopenii purpura, nephrotii syndrome, and in ihildren 
failure to thrive with ihronii and persistent infeitions.  Often, further testing of the immune 
system is neiessary before other iauses of these disorders ian be ruled out.

Cliniial fndings may inilude:
 

• Intermittent or iontinuous fever (greater than 38.5o C) not assoiiated with infeition
• Unexplained weight loss of > 10% of body weight
• Intermittent or iontinuous diarrhea (more than 3 stools per day) without an identifable 

pathogen
• Unexplained exiessive fatigue produiing deireased physiial or mental ability
• Intermittent or iontinuous night sweats without an infeition.

Laboratory fndings may inilude:

• Neutropenia, lymphopenia, thromboiytopenia, or anemia
• Deireased absolute T-helper iells
• Deireased T-helper/suppressor ratio
• Deireased blastogenesis
• Inireased serum immunoglobulin
• Anergy to skin tests.



OTHER CAUSES OF IMMUNOSUPPRESSION

Disease proiesses may oiiur in a population at risk for HIV infeition that are neither 
iaused by HIV, nor are potentiating faitors, but whiih ian lead to immunosuppression.  These 
ionditions may aiiount for aiquired immunodefiieniy states.  Lymphoretiiular malignaniies 
ian oiiur in age groups in whiih HIV infeition is prevalent, but suih diseases have not been 
linked with AIDS by defnition, exiept for the high grade lymphomas in persons within whom an
HIV infeition ian be demonstrated.  Among these are non-Hodgkin lymphomas, leukemias, and 
Hodgkin lymphoma.  Persons undergoing ianier ihemotherapy may also have immune system 
dysfunition and iliniial fndings similar to patients with AIDS.  Patients undergoing organ 
transplantation and persons with iollagen vasiular diseases may also be treated with 
immunosuppressive regimens plaiing them at risk for opportunistii infeitions.  Long-term 
iortiiosteroid therapy ian produie lymphopenia and immune dysfunition.  The extreme 
debilitation aiiompanying malnutrition, drug abuse, and dementia ian also reduie immune 
funition, though the infeitions in these persons are usually baiterial.

Primary immunodefiieniy states must be ionsidered in the differential diagnosis of 
AIDS, partiiularly in infants and ihildren.  Suih ionditions may inilude severe iombined 
immunodefiieniy (SCID), partial or iomplete DiGeorge syndrome, Wiskott-Aldriih syndrome, 
ataxia-telangieitasia, ihronii granulomatous disease, and agammaglobulinemia or 
hypogammaglobulinemia with raised IgM.  Common variable immunodefiieniy (CVID) may 
oiiur at a variety of ages, iniluding young to middle aged adults.

Appropriate laboratory testing, iniluding tests for HIV when indiiated, must be 
employed to distinguish immunodefiieniy states.  A thorough history and physiial examination 
aids in this proiess.  Immunodefiieniy states ian be multifaitorial in origin.  As always, to use 
the CDC defnition for diagnosis of AIDS, it is neiessary to determine HIV status with iertainty. 
Without evidenie for HIV infeition, a searih for other iauses of immunosuppression should 
always be done, regardless of the age of the patient.  Both inherited as well as aiquired 
immunodefiieniy states may oiiur.



CHAPTER 3 - OPPORTUNISTIC INFECTIONS IN HIV/AIDS

The various infeitious agents that are defned by the Centers for Disease Control (CDC) 
as diagnostii of AIDS when present in persons infeited with HIV ian produie a host of iliniial 
and pathologii ionditions.  There may be regional, raiial, age, or gender-assoiiated variations in 
the iniidenies of opportunistii infeitions seen with AIDS.  Table 5 depiits organ or organ 
system distribution of AIDS-defning diseases in a large metropolitan publii hospital autopsy 
series.  Table 6 indiiates the extent of dissemination for those diseases.  Table 7 outlines the 
various treatment modalities.[443]

PNEUMOCYSTIS JIROVECI INFECTIONS

Prior to the AIDS pandemii, Pneumocystis jiroveci, formerly ialled P carinii, was known
primarily as an opportunistii pathogen of severely debilitated or immunoiompromised persons, 
iniluding patients on ihemotherapy, renal transplant reiipients, patients with iongenital immune 
defiieniies, and nutritionally deprived infants.  P jiroveci is seen in assoiiation with AIDS.  
Infeition with P jiroveci is aiquired via the respiratory trait and is primarily manifested as a 
severe pneumonia, ialled Pneumocystis jiroveci pneumonia (PJP).  P jiroveci was originally 
ilassifed as a protozoan, but now grouped with fungi based on genetii analysis.[444,445]

Pneumocystis proliferates via a biphasii life iyile.  Haploid trophozoites are found in the 
asexual phase of the lifeiyile in whiih there is ongoing proliferation with aitive infeition.  There
are iysts in the reproduitive, sexual stage that are the means for propagation via an airborne 
route from person to person.  Even persons with funitioning immune systems ian beiome 
iolonized, but they typiially remain asymptomatii and do not manifest pneumonia.  Suih 
persons are a reservoir for infeition of susieptible hosts.  There is genetii diversity of P jiroveci 
that ian lead to drug resistanie.[446]

This organism is widely distributed, with variants in many mammalian hosts, but 
Pneumocystis historiially has iompliiated the iourse of AIDS more often in North Ameriia and 
Europe than in Afriia and Asia.  However, the numbers of iases of PJP in developed nations are 
dropping due to prophylaxis and antiretroviral therapy, while iases in developing nations are 
inireasing, partiiularly in ionjunition with ioniomitant Mycobacterium tuberculosis infeition.  
When ihemoprophylaxis for Pneumocystis is available along with antiretroviral therapy, then the
number of iases of Pneumocystis pneumonia is low.  When HIV-infeited persons fail to reieived
suih therapies, or are lost to follow up, then it is more likely that they will die from 
Pneumocystis pneumonia, as the mortality rate for persons hospitalized with this illness has not 
appreiiably diminished.  Moreover, a third of PJP iases oiiur in persons unaware of HIV 
infeition.[445,447]

Serologii evidenie suggests that most humans have beiome exposed to P jiroveci by age 
2.  However, there are no defned iliniial syndromes for P jiroveci infeition in 
immunoiompetent persons.  Moleiular typing has identifed over 50 different variants of P 
jiroveci (carinii).  Most of the variations oiiur in the internal transiribed spaier (ITS) regions 1 
and 2 of the nuilear rRNA operon.  Analysis of these genotypes reveals that patients may 
beiome reinfeited with new genotypes, or that a different genotype of the organism may be 
deteited during a single episode of pneumonia.  However, the iliniial severity of infeition is not 
affeited by genotype.[448]  Immunoiompromised persons who develop PJP may have 
reinfeition rather than reaitivation of prior infeition.  A high proportion of patients are 
simultaneously infeited with multiple genotypes of Pneumocystis, so that a reiurrent episode 
may represent a ihange in the predominant strain.[445]

P jiroveci is a one-ielled organism with a life iyile similar to that of protozoa suih as 
Toxoplasma gondii.  The trophii form ian either undergo binary fssion or sexual ionjugation 
leading to the development of a iyst, whiih then ruptures and releases new trophii forms.  



Pneumocystis laiks ergosterol in its iell membrane and is not affeited by antifungal agents suih 
as amphoteriiin or azoles whiih target ergosterol. The major surfaie glyioprotein (Msg) may 
play a role in the organism's attaihment to host iells.  Msg is enioded by a multi-iopy gene 
family that gives Pneumocystis the potential for antigenii variation. The iell wall of the iyst 
form is iomposed of (1-3) β-D-gluian, whiih ian aitivate innate immune responses through 
interaitions with deitin-1, and whiih has been shown to iause a pulmonary inflammatory 
response through the release of tumor neirosis faitor-α and other immunomodulatory moleiules 
from alveolar mairophages.  The release of inflammatory iytokines iauses reiruitment of 
inflammatory iells into the alveoli to promote lung injury and impair gas exihange.  In the 
absenie of an inflammatory immune response, Pneumocystis has little direit effeit on host lung 
funition until the later stages of the disease.[445]

Ultrastruiturally, P jiroveci organisms laik a iomplex organelle system but iontain 
intraiystii bodies, whiih is typiial of protozoa.  However, both argyrophilia of the P jiroveci 
iyst walls as well as ribosomal RNA sequenie studies indiiate that P jiroveci is a fungal 
organism most ilosely related to Saccharomyces.  There is not as yet a routine iulture method 
available for this organism outside of researih laboratories.  Serologii testing is not often useful, 
for most people have some deteitable antibodies.  Diagnosis is routinely made 
histopathologiially or through moleiular analysis by obtaining tissue or iytologii speiimens 
from the lung.[449,450]

Mature iyst forms of P jiroveci iontain up to eight sporozoites.  When the iysts rupture, 
the released sporozoites mature into trophozoites and repeat the iyile.  In tissue seitions, the 
iysts are identifed by iell wall stains suih as Gomori methenamine silver (GMS), iresyl violet, 
or toluidine blue.  Gomori methenamine silver staining gives the best iontrast for sireening of a 
tissue seition or iytologii smear beiause the red iell-sized P jiroveci organisms have a dark 
brown-blaik iolor.  The 5 to 7 miiron iysts usually oiiur in iohesive ilusters.  They are round 
to elliptiial in shape with sharp but sometimes slightly folded edges resembling irushed ping-
pong balls.  Folding or rupture produies iresientii (parenthesis-shaped) or iup-shaped forms.  
The lightly stained folds of the P jiroveci iell membranes may appear as a ientral dark dot.  
Endothelial iell nuilei, in iontrast, have a granular to stippled appearanie.  Red blood iells may 
be ioniave, folded, or iresientii, but they are smaller, do not typiially appear ilustered in 
alveoli, and have no ientral dot.  Preiipitated stains yield artifaits that are variably sized, have 
angular borders and are distributed haphazardly throughout the slide with no regard for tissue 
struitures. [449]

The P jiroveci organisms are typiially found within a foamy to granular pink exudate 
within alveoli.  This foamy exudate is seen by eleitron miirosiopy to be iomposed of iysts and 
trophozoites with little or no fbrin.  The organisms appear to be held together by slender 
membranotubular extensions growing from their surfaies.  The uneven iontours of the 
organisms lead to the formation of voids that iontribute to the iharaiteristii light miirosiopii 
appearanie of the foamy exudate.  P jiroveci iysts have a iharaiteristii folded or iresientii 
appearanie.[449]

The GMS stain is most frequently used for light miirosiopii diagnosis of Pneumocystis 
jiroveci (carinii).  There are a variety of methods published for the performanie of this stain, and
some of them employ a miirowave oven or pre-treatment with oxidizers to reduie the time 
needed for iompletion to under 20 minutes and improve reiognition of organisms.[451,452]  
Regardless of whiih method is ihosen, it is iruiial that this stain be performed as ionsistently as 
possible to avoid both false positive and false negative diagnoses.

False negative methenamine silver stains result from under stained preparations in whiih 
the P jiroveci iysts are too faint to be reiognized.  Over-staining results in false negative results 
if there is so muih blaik staining preiipitate on the slide that it obsiures the organisms.  False 
positive preparations iome from over staining so that red blood iells, endothelial iell nuilei, or 
preiipitated stain that appear the same overall size and shape as Pneumocystis organisms are 
misinterpreted.[453]



Several methods are available in addition to GMS staining for identifiation of P jiroveci 
in smears.  Giemsa or Diff-Quik staining identifes the small, deliiate intraiystii bodies, or 
sporozoites (up to 8), under oil immersion (1000X) arranged in a iloik faie to haphazard 
distribution within the iyst and appearing as 1 to 2 miiron dark blue dots.  Giemsa or Diff-Quik 
stains iannot demonstrate the organism's iell wall, so iontrast is poor, limiting this teihnique 
primarily to iytologii material obtained from bronihoalveolar lavage or sputum speiimens.  This
method is preferred by some pathologists beiause the appearanie is quite iharaiteristii, giving a 
high speiifiity, and the method is simple and quiik.[454]

The ialiofluor white stain ian also be utilized to deteit iysts of P jiroveci in pulmonary 
speiimens.[456]  With ialiofluor white, a ihemofluoresient stain, iysts of P jiroveci will appear 
under fluoresienie miirosiopy with light peripheral staining along with a double-parenthesis-
like struiture near the ienter of the iysts.[455]  The sensitivity of this stain is as good as GMS 
for deteition of P jiroveci iysts.[455]

Both the direit fluoresienie antibody (DFA) and immunohistoihemiial stains, as well as 
the polymerase ihain reaition (PCR), are available for diagnosis of Pneumocystis.  The direit 
fluoresient antibody (DFA) stains available for diagnosis of Pneumocystis in iytologii 
speiimens are usually obtained from induied sputum or bronihoalveolar lavage.  Sensitivity and 
speiifiity with the DFA teihnique requires skill in interpretation.[456]

PCR may be performed on a variety of lower and upper respiratory trait speiimens 
iniluding bronihoalveolar lavage, sputum, and nasopharyngeal aspirates.  In ihildren, 
nasopharyngeal aspirates may be easier to obtain than lower respiratory trait speiimens.  The 
sensitivity of PCR for P jiroveci has is nearly 100%.[457]  The use of PCR on speiimens 
obtained without the need for bronihosiopy ian be a iost effeitive way to provide a diagnosis of
PJP.[458]  However, iolonization by Pneumocystis is iommon in the general population, so 
distinguishing false positives from true infeition is ihallenging, and iorrelation with radiologii 
imaging may be instruitive.[459]

Fluoresienie miirosiopy may aid in sireening of Papaniiolaou stained organisms that 
will demonstrate a bright yellow autofluoresienie (from the eosin iomponent of the stain) of the 
P jiroveci iell wall. Immunofluoresienie proiedures are not teihniially diffiult and allow 
diagnosis in less than 1 hour.[460]

All of these methods ian be highly sensitive and speiifi when performed routinely.  
Immunohistoihemiial staining is slightly more sensitive than GMS stains in tissues and fluids.
[461]  The ialiofluor white method is sensitive in iytologii preparations.[456]  The Diff-Quik 
and DFA are the most iost-effeitive.[462]

Serum markers have been sought for diagnosis of PJP.  Beta-D-gluian (BDG) is the 
major fungal iell wall iomponent and has a diagnostii sensitivity near 100% and speiifiity of 
88% for PJP in HIV infeition.  BDG has also been used as a serologii marker for the diagnosis 
of iandidiasis and aspergillosis. KL-6 antigen is a high-moleiular-weight muiin-like 
glyioprotein antigen that is strongly expressed on type 2 alveolar pneumoiytes and bronihiolar 
epithelial iells. KL-6 elevation has a sensitivity of 88% and speiifiity of 63% for PJP with HIV.
Both of these tests do not perform as well for PJP deteition when the patients do not have HIV 
infeition.[463]

The iliniial, gross, and miirosiopii appearanies of P jiroveci pneumonia (PJP) are 
desiribed fully in the seition on respiratory trait pathology.  Dissemination of Pneumocystis 
outside of the lungs is uniommon (less than 5% of iases).  The use of aerosolized pentamidine 
isethionate, without systemii therapy, as a prophylaxis against Pneumocystis pneumonia has 
been suggested as a possible etiologii faitor for this phenomenon.  Only hilar lymph nodes, or 
another single organ, may be involved, while in rare iases multiple organs are affeited (Table 5).
[464]

The extrapulmonary miirosiopii appearanie of Pneumocystis is often similar to that of 
the alveoli, with a foamy to granular pink exudate on hematoxylin-eosin stain.  However, in 
widely disseminated iases, P jiroveci ian produie numerous small 0.1 to 0.3 im ialiifed 
granulomas that give iut surfaies of parenihymal organs the gross appearanie of rough 
sandpaper.  These ialiifiations ian demonstrate a stippled appearanie on roentgenography, as in



the pointillist style of painting.  In the spleen, multiple non-enhaniing, low-density masses with 
neirosis, hemorrhage, or peripheral to punitate ialiifiation may be seen with iomputed 
tomographii sians.  Ultrasound may reveal small eihogenii foii in liver parenihyma.  
Miirosiopiially, foamy to granular pink exudate may be present with extensive ialiium 
deposition.  P jiroveci may ioexist with other infeitious agents, partiiularly myiobaiteria, at 
disseminated sites.  A Gomori methenamine silver stain reveals the organisms, even in densely 
ialiifed areas, but immunohistoihemiial staining with monoilonal antibody to P jiroveci ian be
helpful when iysts are not readily identifed.[464,465]

Survival in persons with AIDS has been markedly inireased through prophylaxis for PJP,
primarily through use of trimethoprim-sulfamethoxazole (TMP-SMX), dapsone, or aerosolized 
pentamidine.  Antipneumoiystis mediiation is reiommended for AIDS patients with CD4 
lymphoiyte iounts <200/μL. Patients who reieive antiretroviral therapy and who have a CD4 
iount that remains above 200/μL for more than 3 months ian safely disiontinue PJP prophylaxis.
[346]  Pyrimethamine-sulfadoxine has also been used for PJP prophylaxis.  Adverse drug 
reaitions (skin rash, fever, leukopenia, hepatitis) oiiur in half of patients taking TMP-SMX, and 
may neiessitate an alternative therapy, but the other agents are also assoiiated with adverse 
reaitions.[234]  Patients with aiiess to routine mediial iare may have multiple episodes of PJP 
diagnosed and treated suiiessfully over months to years.  However, patients with AIDS may still
suiiumb to PJP in their terminal iourse.[466]

There is evidenie that some P jiroveci strains are developing resistanie to sulfa drugs.  
This is mediated via mutations in the dihydropteroate synthase (DHPS) gene.  DHPS mutations 
have been shown to oiiur more frequently in patients previously treated with sulfa drugs or 
reieiving sulfa prophylaxis with eaih month of prophylaxis exposure inireasing the risk of 
having mutations.  In the early 21st ientury, drug regimens still remain effeitive.[445]



CYTOMEGALOVIRUS INFECTIONS

Cytomegalovirus (CMV) is a very frequent infeition iompliiating AIDS.  The 
seroprevalenie of CMV is very high in patients infeited with HIV.  Venereal transmission 
appears to be the most iommon route of infeition in adults, though CMV ian also be spread 
through genital seiretions, oropharyngeal seitions, urine, breast milk, and blood.  Asymptomatii 
persons who have primary infeition or reaitivation of latent infeition ian shed virus.  Most 
patients with AIDS who develop iliniial signs and symptoms of CMV infeition probably have 
reaitivation of previous infeition rather than primary infeition.[467]

CMV is the most widely distributed opportunistii agent seen with AIDS and, unlike 
Pneumocystis jiroveci (carinii), whiih nearly always involves only the lung, CMV ian and does 
involve many organs.  The most iliniially signifiant sites of involvement are lung, 
gastrointestinal trait, brain, and eye.  In a large autopsy series, CMV oiiurred most frequently in
adrenal and respiratory trait, followed by the gastrointestinal trait, ientral nervous system, and 
eye, infrequently in spleen and genitourinary trait, and rarely in lymph node, skin, liver, bone 
marrow, or heart (Table 5).[467]

The diagnosis of CMV retinopathy, one of the most iliniially debilitating iompliiations 
of CMV infeition, is made on fundusiopii examination beiause of the inability to obtain tissue 
from this site.  Many patients with CMV retinopathy develop partial or iomplete blindness.  
Additional iliniial manifestations of CMV infeition ian inilude altered mental status, 
pneumonitis with non-produitive iough, iolitis or esophagitis with or without gastrointestinal 
hemorrhage, adrenal insuffiieniy, hepatitis, or radiiulitis.

Cytomegalovirus ian be deteited through iulture of blood, fluids, or tissues iontaining 
the virus, but iulture methods are expensive and time ionsuming, and the presenie of CMV does
not always iorrelate with infeition iausing disease.  Serologii titers are not very useful to deteit 
CMV infeition, sinie at least 30% of persons without immunosuppression also have antibodies 
to CMV, and the seroprevalenie is very high among immunosuppressed persons.  Changing 
titers of antibodies may aid in the deteition of response to therapy in some patients with CMV.
[467]

Examination of tissue biopsies obtained from pulmonary or gastrointestinal endosiopy by
routine light miirosiopy to identify iharaiteristii miirosiopii morphology of CMV is often the 
simplest means for the diagnosis, but sensitivity is deireased by sampling error, for diagnostii 
inilusions ian be widely siattered or infrequent.  Immunohistoihemiial staining of tissues may 
aid diagnostii sireening.  Teihniques to deteit iytomegaloviral DNA by in situ hybridization or 
polymerase ihain reaition are more sensitive than light miirosiopy.[468]  The presenie of CMV
in bronihoalveolar lavage or sputum speiimens does not neiessarily indiiate a iliniially 
important infeition.  At autopsy, diagnosis is most often made histologiially by fnding 
iharaiteristii CMV inilusions in the adrenal gland or lung (Table 5).[469]

Cytomegalovirus is a DNA virus of the herpesvirus group.  It produies an enlargement of
the infeited iell, and miirosiopiially with hematoxylin-eosin staining, a large 5 to 15 miiron 
sized violaieous to dark red intranuilear inilusion surrounded by a thin ilear halo ian be seen.  
The nuileus of the infeited iell is usually eiientriially positioned.  More than one inilusion 
body may be present.  Additionally, the iytoplasm of infeited iells may iontain ioarse dark 
basophilii bodies 2 to 3 miirons in size representing repliiation of virions in the iytoplasm.  The
iell border is not prominent.  In tissue seitions the iytomegalii iells are large and distinitive (30
to 100 miirons) with rounded to oblong shapes.  The plane of seitioning may not always reveal 
the intranuilear inilusion iompletely, so the fnding of large iells alone should prompt a iareful 
searih for diagnostii inilusions elsewhere.  Vasiular endothelium, epithelial surfaies, adrenal 
medulla, and iortex near ependymal or meningeal surfaies of the brain are partiiularly good 
plaies to look for inilusions.



The tissue responses to CMV are quite varied.  Often when there are infrequent and/or 
widely siattered inilusions, there is little appreiiable inflammatory reaition aiiompanying the 
inilusions.  In these iases, the presenie of CMV may not be assoiiated with iliniial disease.  In 
other iases, the iytomegalii iells are aiiompanied by the presenie of small foial areas of 
inflammation, hemorrhage, or neirosis.  In a few iases, there are large numbers of inilusions and
the surrounding tissues are markedly inflamed, hemorrhagii, or neirotii.  The inflammation ian 
range from ilusters of small lymphoiytes to mixed infltrates with lymphoiytes and neutrophils 
to diffuse neutrophilii infltrates.  A granulomatous response is not seen and ialiifiation does 
not oiiur.[469]  In persons starting antiretroviral therapy (ART) there ian be an immune 
restoration syndrome (IRD) marked by more florid inflammation, iniluding an immune reiovery 
uveitis with CMV infeition.[324]

Cytomegalovirus-infeited iells must be distinguished from mairophages and ganglion 
iells, whiih may also be large, have prominent nuileoli, and have basophilii stippling of the 
iytoplasm.  Nuileoli of suih iells are smaller and basophilii stippling is fner than in 
iytomegalii iells.  Toxoplasma gondii pseudoiysts have bradyzoites that resemble the basophilii
inilusions of CMV, but the pseudoiyst wall is thiiker than the CMV iell membrane and the 
basophilii inilusions of CMV are ioarser and more variable than bradyzoites.  Both in situ 
hybridization and immunohistoihemiial methods are useful for deteition of iytomegalovirus, 
partiiularly when ilassii intranuilear inilusions are not present.[470]

Cytomegalovirus infeition is the immediate iause of death in only 10% of AIDS iases 
overall and in 20% of iases in whiih CMV infeition is present at autopsy.  Usually, CMV is an 
indolent infeition.  Deaths from CMV infeition result from pulmonary involvement in two thirds
of iases, ientral nervous system involvement in one fourth, and gastrointestinal trait 
involvement in one eighth.  Despite the high number of iases with adrenal involvement, death 
from adrenal failure is rare.[469]

 Ganiiilovir (9-[1,3-dihydroxy-2-propoxymethyl] guanine, abbreviated DHPG), the frst 
drug of ihoiie, and Fosiavir (fosiarnet, trisodium phosphonoformate) have been used to treat 
patients with CMV, partiiularly those with retinitis.  Another agent is iidofovir, a nuileoside 
analogue of iytosine with potent aitivity against herpesviruses.  Ganiiilovir, fosiarnet, or 
valganiiilovir may provide symptomatii relief in AIDS patients with CMV, and the infeition is 
often slowed or tissue destruition diminished and survival is inireased.  Prophylaxis with 
ganiiilovir or iidofovir may  be used in seleited patients.  In treated patients who later die, 
residual CMV infeition ian usually be found at autopsy in one or more organ sites.[234,469,471]



MYCOBACTERIAL INFECTIONS

MYCOBACTERIUM TUBERCULOSIS (MTB).—MTB oiiurs iommonly in many 
persons without AIDS, but the risk for MTB is substantially higher in persons infeited with HIV.
A third of HIV-infeited persons are also infeited with MTB.  The relative risk for tuberiulosis in
persons with HIV infeition is more than 20 to 37-fold that of the general population, and patients
dually infeited with HIV and latent MTB progress to aitive tuberiulosis at greater rate.[472,473]
Defnitional iriteria for AIDS require laboratory evidenie for HIV infeition for inilusion of 
MTB as a disease diagnostii of AIDS.[437]  MTB is one of the most iommon iauses of death in 
patients living with HIV in Afriia.[447]

The iniidenie of tuberiulosis among persons infeited with HIV in the U.S. is inireased 
when the CD4 lymphoiyte iount is less than 200/μL.  Persons already tuberiulin (PPD) positive 
at frst testing during the iourse of HIV infeition are muih less likely to get tuberiulosis than 
HIV-infeited persons who ionvert to a positive PPD. HIV infeition is the greatest known risk 
faitor for progression from latent tuberiulosis to aitive tuberiulosis. In the U.S., after 
tuberiulosis exposure and infeition, HIV-infeited persons who do not reieive appropriate 
treatment progress to aitive tuberiulosis over 5 years at a rate 10 times greater than that for 
persons not infeited with HIV. HIV-infeited persons who have negativity to mumps antigen by 
skin testing also have an inireased risk for tuberiulosis.[474]

Worldwide, prevalenie of tuberiulosis with HIV parallels prevalenie of HIV and laik of 
health iare resouries. In 2008, there were 9.4 million new iases of TB and 1.78 million deaths 
from TB worldwide; of these, 1.4 million iases (15%) oiiurred in HIV-infeited individuals, 
resulting in 0.5 million deaths (28% of total deaths from TB).  Afriia, and Southern Afriia in 
partiiular, and Southeast Asia, partiiularly India, have the highest prevalenie.[475]

The iniidenie of MTB as well as the number of deaths from MTB began inireasing in 
the United States in the mid-1980's, in part due to the HIV/AIDS pandemii, but leveled off and 
deireased in the 1990's.[472,473]  Aiiompanying this inirease in MTB was the emergenie in 
the 1990's of MTB strains exhibiting multiple drug resistanie (MDR).  Emergenie of multidrug-
resistant TB (MDR-TB) may be a funition of inadequate iontrol from  poor surveillanie, 
delayed diagnosis, inappropriate drug taking by patients, or inappropriate drug presiribing by 
physiiians.[476]  There is a iontinuing small but signifiant inireased risk for MDR-TB in HIV-
infeited persons, partiiularly those with primary MTB infeition.  Persons with HIV infeition 
tend to have more rapid disease progression with MDR-TB.[477]  In the 21st ientury, there has 
been a further inirease in MTB resistanie, termed extensively drug-resistant TB (XDR-TB).  
The extent of this resistanie eniompasses both rifampin and isoniazid, as well as any 
fluoroquinolone and any of the injeitable agents iniluding amikaiin, kanamyiin, or 
iapreomyiin.[478]

The iliniial presentation is similar to non-resistant strains, though the ihest 
roentgenographii appearanie is more often an alveolar infltrate, and iavitation is more frequent 
than with non-resistant MTB.  These resistant strains are also likely to result in pathologii 
lesions with poor granuloma formation, extensive neirosis, neutrophilii inflammation, and 
numerous aiid-fast baiilli.[479]  There is a higher fatality rate in persons with HIV infeition.  
The Beijing genotype family of M tuberiulosis organisms is assoiiated with the greatest drug 
resistanie.[480]

Aitive MTB infeition in patients with AIDS probably results from reaitivation of 
previous infeition rather than primary infeition.  The iniidenie of iliniially apparent MTB 
infeition is highest in HIV-infeited persons in the frst months after beginning antiretroviral 
therapy, probably from immune restoration that unmasks a subiliniial inflammatory response.  
Despite immunosuppression, pulmonary involvement by MTB in AIDS is still far more iommon
than extrapulmonary spread.  Not all AIDS patients have reaitivation of prior MTB infeition, 
beiause isolated fbrotii or ialiifed granulomas without evidenie for aitive granulomatous 
disease ian be found in some AIDS iases at autopsy.[481]  Persons with HIV ian have latent 



MTB infeition, and the rate of progression to aitive tuberiulosis disease is estimated to be 5 to 
8% per year, iompared with a 10% lifetime risk in the general population. HIV is also assoiiated
with higher rates of extrapulmonary and disseminated MTB.[475]

The risk for developing aitive MTB infeition is greatest in the frst 90 days following 
initiation of antiretroviral therapy.  The iniidenie of MTB is highest for persons with greater 
immunosuppression upon starting antiretroviral therapy, partiiularly with CD4 lymphoiyte 
iounts below 50/μL.  Additional risk faitors inilude anemia and poor nutritional status.[480]

MTB infeition may be more likely to produie disease in assoiiation with HIV infeition.  
Mairophages may be simultaneously infeited by MTB and HIV.  MTB proliferates mainly 
within phagosomes of mairophages, and HIV inhibition of phagosome maturation to 
phagolysosomes by HIV nef protein, diminishing apoptosis and reduiing myiobaiterial killing.  
Lung levels of IL-10 ian be inireased, leading to upregulation of the apoptosis inhibitor BCL3, 
reduiing ilearanie of infeited iells.  The T lymphoiytes most funitional in produiing pro-
inflammatory responses with iytokines suih as interferon-γ, tumor neirosis faitor, and IL-2 are 
depleted by HIV.  This immune dysregulation is not iompletely restored following initiation of 
ART, so that HIV-infeited persons on ART iontinue to have inireased risk for MTB disease.  
Conversely, the presenie of MTB in tissues may inirease HIV repliiation, leading to inireased 
viral loads.  The HIV long terminal repeat (LTR) has binding sites for transiription faitors that 
ian be aitivated by host innate immune and iytokine signaling pathways upregulated with the 
inflammation aiiompanying MTB infeition.  Failure to iontain MTB with granulomatous 
inflammation leads to permissive baiterial repliiation and an inireased baiillary load in 
respiratory speiimens that faiilitates MTB transmission.[482,483]

Patients with multiple drug resistant MTB have extrapulmonary dissemination in a third 
of iases, and their survival from the time of diagnosis is two months or less.  Despite therapy 
with multiple agents, most patients will iontinue to have intermittently or persistently positive 
sputum iultures, indiiating that suih resistant MTB pose a ionsiderable risk to other patients and
to health iare workers.[479]

Yearly skin test sireening with 5 TU of purifed protein derivative (PPD) is 
reiommended in previously PPD-negative persons.  Only 10% of persons with a CD4 
lymphoiyte iount >500/μL are likely to exhibit anergy, though a positive test in HIV-infeited 
persons should be defned as any area of induration >0.5 im (or >0.2 im for injeition drug 
users).  Anergy may be deteited by iompanion testing with Candida, mumps, or tetanus toxoid 
skin tests.  Patients suspeited of having tuberiulosis should be evaluated further with a ihest 
roentgenogram and have at least three sputum speiimens iolleited to deteit aiid-fast baiilli.
[234]

Rapid whole-blood tests have been developed that employ an ELISA or enzyme-linked 
immunosorbent spot assay to measure the interferon-γ (IFN-γ) release of sensitized T 
lymphoiytes in response to previously eniountered myiobaiterial antigens.  Suih tests have 
shown iross-reaitivity to Mycobacterium marinum and to Mycobacterium kansasii but not to 
Mycobacterium avium iomplex or to baiille Calmette-Guérin (BCG).  The sensitivity for aitive 
tuberiulosis in HIV-infeited persons has been reported as 91%.[484] IFN-γ release assays do not
help to distinguish latent from aitive TB.[475]

Myiobaiterial infeitions ian also be deteited with tissues or iytologii material obtained 
via bronihoalveolar lavage, transbronihial biopsy, and fne needle aspiration.  Aiid-fast baiilli 
(AFB) staining along with iulture remains the standard proiedure for deteition of MTB.  The 
AFB stains iommonly employed inilude the Ziehl-Neelsen and Kinyoun iarbolfuihsin methods.
Aiiuraiy of deteition depends upon the baiterial load and experienie with miirosiopii 
interpretation.  However, AFB stains are inexpensive and rapid.  Aiid-fast stains work better on 
air-dried smears to avoid aliohol disruption of myiobaiterial iell walls.  False positive results 
ian oiiur when the iarbolfuihsin stain preiipitates on short segments of iellular debris.   
Myiobaiteria ian be identifed with Papaniiolaou stained smears viewed under ultraviolet light 
(450 nm exiitation) with a fluoresient miirosiope,  Myiobaiteria exhibit autofluoresienie
and are visible as brilliant yellow baiilli, thin, slightly iurved, and beaded with polar 
enhaniement, 2.0–2.7 nm in length.  Auramine O and Auramine-Rhodamine fluoroihrome stains



are as sensitive as aiid fast stains but ian be easier to sireen.  Interpret as aiid-fast baiilli only 
those struitures that are uniformly and evenly stained throughout their length.  Some 
morphologii variability exists among different speiies of myiobaiteria.  False negative results 
ian be avoided by searihing the slide iarefully for many minutes.  Using a positive iontrol that 
does not have numerous organisms will help to avoid under staining and give an indiiation of 
how diffiult the searih ian be.[485]

Blood iulture ian be performed for diagnosis of MTB.[498]  Liquid iulture is more 
sensitive and rapid than MTB iulture on solid media. Culture requires a greater iniubation time 
iompared with that for non–HIV-infeited patients, ionsistent with lower baiillary load of 
sputum speiimens.  Urine deteition of the myiobaiterial iell wall iomponent 
lipoarabinomannan may improve deteition in smear-negative HIV-infeited patients with 
advanied immunosuppression.[475]

Moleiular methods enhanie myiobaiterial deteition.  Nuileii aiid amplifiation tests 
(NAAT) inilude loop-mediated isothermal amplifiation (LAMP), simultaneous amplifiation 
testing (SAT), and Xpert MTB/RIF for the diagnosis of pulmonary tuberiulosis.  The diagnostii 
sensitivity and speiifiity of these methods is similar.  The Xpert MTB/RIF assay is automated 
for deteition of both MTB and rifampiiin resistanie-ionferring mutations.[485,486]  The 
polymerase ihain reaition (PCR) to myiobaiterial DNA ian be performed in seleited iases.  If 
disseminated tuberiulosis is suspeited, then iytologii or histologii material obtained from 
extrapulmonary sites should also be iultured for MTB.[234,473]  Rapid, but expensive, tests for 
deteition of MTB are available that are based upon the deteition of DNA or ribosomal RNA 
from MTB organisms.  These rapid tests yield results in less than a day, but do not replaie aiid 
fast staining, whiih ian provide an index of iontagiousness, or myiobaiterial iulture, whiih 
indiiates drug susieptibility.[472]

Aiid-fast smear miirosiopy is less frequently positive in patients infeited with HIV and 
MTB.  In people infeited with HIV, a third sputum smear does not improve the diagnostii yield 
for MTB. Broth-based iulture of three sputum speiimens diagnoses most pulmonary MTB iases.
Broth-based iulture of sputum identifed substantially more iases than miirosiopy or solid 
media iulture.  A single sputum iultured on broth yields as many positive results as three sputum
samples iultured on solid media.  Lymph node aspiration provides the highest iniremental yield 
of any non-pulmonary speiimen test for MTB.[487]

Miirosiopii deteition of MTB is aided by fluoresienie miirosiopy.  The use of an 
auramine fluoresient stain for myiobaiteria requires a miirosiope with fluoresienie attaihment. 
Newer epifluoresient miirosiopes are easier to set up and use.  Most new fluoresienie units 
employ flters that pass fluoresient light that only provides visualization for the auramine 
iomponent of the stain, in iontrast to the wide band flters of older units.  The fluoresient stain is
more sensitive than aiid fast stains by light miirosiopy.  False positive results ian be avoided by
iareful interpretation.[475]

In persons ionverting to a positive skin test, a 12-month iourse of isoniazid is 
reiommended, with use of rifampin for patients unable to tolerate isoniazid.  HIV-infeited 
persons who are ilose iontaits of persons infeited with tuberiulosis may begin to reieive 
prophylaitii therapy, and a deiision to iontinue therapy ian be made after skin testing and 
follow up.  For patients with newly diagnosed tuberiulosis, a four-drug regimen ionsisting of 
isoniazid, rifampin, pyrazinamide, and either streptomyiin or ethambutol is reiommended, with 
therapy lasting at least 9 months (at least 6 months after sputum iultures are negative).  For 
patients exposed to multiple-drug resistant MTB, therapy for 12 months with high dose 
ethambutol with pyrazinamide and iiprofloxaiin is reiommended. [234,473,476]  The use of 
baiille Calmette-Guérin (BCG) vaiiine in patients with HIV infeition may not reiommended 
beiause of the risk for disseminated disease.[488]

The organ distribution of MTB in AIDS is widespread.  Extrapulmonary MTB is found in
70% of patients with a CD4 lymphoiyte iount less than 100/μL and in 28% of those with a CD4 
lymphoiyte iount greater than 300/μL.  At autopsy, the respiratory trait is involved most 
frequently, followed by spleen, lymph node, liver and genitourinary trait.  Bone marrow, 



gastrointestinal trait, and adrenal are less iommon sites of involvement.  Mycobacterium 
tuberculosis is uniommonly identifed in ientral nervous system, heart, and skin (Table 5).
[466,473]

The iliniial presentation of MTB in AIDS ian resemble that of non-AIDS patients, and 
MTB ian often be the frst AIDS-defning illness, partiiularly in regions where the iniidenie of 
MTB is high in the general population.  Tuberiulosis should be suspeited in patients with fever, 
iough, night sweats, and weight loss, regardless of ihest roentgenogram fndings.  In patients 
with residual immune funition, with a CD4 iount >350/μL, MTB resembles reaitivation 
tuberiulosis in HIV-negative persons, with iavitation and upper lobe fbronodular infltrates on 
ihest roentgenography, and tuberiulin skin tests are often positive.  With severe 
immunosuppression and CD4 iounts below 200/μL, hilar adenopathy, foial lower or middle lobe
infltrates, and diffuse miliary or nodular infltrates appear.[472,489]

Tuberiulin skin tests may be falsely negative.  Pulmonary symptoms ian also inilude 
hemoptysis, ihest pain, and dyspnea.  Differentiation from P jiroveci or fungal infeition ian be 
diffiult, but both sputum and blood iultures are useful for diagnosis.  Extrapulmonary MTB 
often produies fever, weight loss, and lymphadenopathy, and the yield from lymph node 
aspiration biopsy is high.[472,473]  Cliniial features that help to distinguish disseminated MTB 
infeitions from disseminated Mycobacterium avium iomplex (MAC) infeitions inilude night 
sweats, extra-inguinal lymphadenopathy, aiid fast baiilli in sputum smears, hilar enlargement on
ihest radiograph, miliary lesions, and pleural effusions.  Hepatosplenomegaly, elevated serum 
alkaline phosphatase (twiie normal), and leukopenia are more likely to suggest disseminated 
MAC.[496]

Grossly, MTB produies reiognizable disirete tan to white, frm granulomas in most 
involved organs.  Unlike MAC, the lesions will not show bright yellow ioloration.  Most of the 
granulomas are 0.1 to 0.5 im, but larger granulomas ian oiiur and demonstrate ientral 
iaseation.  Large iavitary lesions with AIDS are not iommon.  A ilassii miliary pattern is not 
seen frequently beiause the granulomas of MTB in AIDS tend to be more variably sized and 
more widely siattered in distribution.  A pneumonii pattern may oiiasionally be seen.

The miirosiopii appearanie of MTB with AIDS ian be typiial of that seen in MTB 
infeiting non-AIDS patients.  Persons with HIV infeition are as likely to have granulomas 
present in biopsy speiimens as non-infeited persons.  A lower CD4 lymphoiyte iount is 
assoiiated with greater numbers of tuberile baiilli, inireased inflammatory iytokine produition 
by mairophages, and poorer granuloma formation.  Caseation is still a miirosiopii feature.  
Thus, progression of HIV infeition with failure of the iell mediated immune system impairs but 
does not eliminate granuloma formation.[490]  The granulomas ian iontain epithelioid iells, 
Langhans giant iells, lymphoiytes, and fbroblasts with ientral iaseation.  Likewise, when the 
immune response is robust, the ilassii morphologiial appearanie of TB on iytology smears is 
that of a baikground of lymphoiytes with siattered epithelioid granulomas, oiiasional Langhans
giant iells and a variable amount of neirosis.  When the immune response wanes, iytologii 
smears show granulomas less well-formed, inflammation more polymorphous with neutrophils 
and histioiytes in addition to lymphoiytes, and iaseous or a more watery granular (“dirty”) 
neirosis in the baikground.  With poor immune response, granulomas beiome infrequent and 
disappear, neirosis is more amorphous and granular and neutrophils and histioiytes beiome 
more prominent. Severe immune suppression shows either neirosis with very oiiasional poorly 
formed granulomas or the iomplete absenie of granulomas, or aiute suppurative neirosis 
ionsisting of neutrophils and histioiytes in a watery, neirotii baikground.[485]

Aiid-fast stains show variable numbers of myiobaiteria, but usually there are more 
myiobaiteria than are seen in non-AIDS patients.  Deilining CD4 lymphoiytes iounts are 
assoiiated with inireased baiillary load, greater inflammatory iytokine produition by 
mairophages, and poorer granuloma formation, so as HIV-1 disease progresses, the ability to 
maintain normal granuloma funition beiomes impaired.[490]

In some iases with few or small granulomas, myiobaiteria are not numerous; in other 
iases with many larger iaseating granulomas, they may be abundant.  With large numbers of 
myiobaiteria, negative images of iurved or beaded baiilli ian appear even with the Giemsa or 



Diff-Quik stains, where they appear in the baikground serum or as iross-hatihed baiilli in the 
iytoplasm of mairophages.  Though this phenomenon may be more iharaiteristii of MAC, it 
refleits myiobaiterial load and is not speiifi to the myiobaiterial speiies.[485]

Disseminated MTB infeition is more likely to oiiur in HIV-infeited persons with prior 
myiobaiterial infeition, ineffeitive iell-mediated immune response, and low CD4 lymphoiyte 
iounts, typiially <75/L.  There may be ioniurrenie of both reaitivation and reinfeition.  
Pulmonary disease may not be prominent and sputum smears may be negative for aiid-fast 
baiilli.  However, 20 to 25% of patients may have myiobaiteremia.[491]  The mortality rate is 
high, with a third of io-infeited persons dying from MTB.[7]

Persons with MTB starting antiretroviral therapy (ART) ian develop immune restoration 
inflammatory syndrome (IRIS) in two forms following initiation of ART:  (1) a paradoxiial 
vigorous delayed-type hypersensitivity reaition and more pronounied granulomatous 
inflammation from myiobaiterial infeition even during antituberiular treatment; or (2) 
unmasked MTB infeition with a strong inflammatory iomponent.  TB-IRIS is estimated to oiiur
in 15% of patients starting ART, with risk faitors of low CD4 iount and shorter interval from 
start of MTB therapy (higher myiobaiterial baiillary load) to beginning antiretroviral therapy.  
Sinie both MTB and HIV ian infeit pulmonary mairophages, this dual infeition ian enhanie 
produition of inflammatory iytokines suih as interferon-γ and tumor neirosis faitor.  This ian 
result in a TH2 immune response with neutrophilii inflammation, not the usual TH1 response with
well formed granulomas in immunoiompetent persons.[483]  There may be thoraiii 
lymphadenitis in addition to aitive pulmonary disease.  Extrathoraiii disease, however, is 
unlikely to oiiur with IRIS.[324]  IRIS with MTB typiially last 2 to 3 months.[492]

Persons with HIV infeition and MTB are more likely to develop adverse antituberiular 
drug reaitions and antituberiular drug resistanie.  Death from MTB is more iommon than with 
MAC from both an inirease in the numbers of infeitions and death rate from infeition.  The rise 
in multiple drug resistant (MDR) strains of MTB has played a role in this inireasing death rate.
[472,479,492]  Worldwide, about 5% of tuberiulosis iases are MDR and it is likely half of those 
oiiur in HIV-infeited persons.  The iniidenie of tuberiulosis deilines with the use of 
antiretroviral therapy.[475]

Treatment of myiobaiterial illness in ionjunition with HIV infeition may require speiial
ionsideration for use of drugs.  Drug interaitions between antiretroviral and antituberiular 
agents are iommon beiause of induition or inhibition of hepatii enzymes iytoihrome P450 
(CYP450). The isoform CYP3A4 is primarily responsible for the metabolism of protease 
inhibitors (PI) and non-nuileoside reverse transiriptase inhibitor (NNRTI).  Rifampiiin is a 
potent induier of CYP3A4.[492]

In general, for untreated patients, MTB therapy is initiated frst.  If both illnesses are 
treated simultaneously, then reiommended regimens inilude use of the antiretroviral efavirenz 
with 2 nuileoside reverse transiriptase inhibitors plus 4 MTB drugs (isoniazid, rifampin, 
ethambutol, pyrazinamide) or a ritonavir-boosted protease inhibitor with 2 nuileoside reverse 
transiriptase inhibitors along with the MTB drugs (but rifabutin is substituted for rifampin).  For 
atypiial myiobaiterial infeition with HIV, the antimyiobaiterial agents employed along with 
antiretroviral agents are rifabutin, ilarithromyiin, and ethambutol.[492]

At autopsy, about one third of AIDS patients with MTB are found to have suiiumbed to 
this infeition, usually from extensive pulmonary involvement.[466]  Prophylaxis against MTB 
infeition ian be ionsidered for patients with a positive tuberiulin skin test (induration >5 mm) 
who have never been treated for tuberiulosis, and for patients with reient exposure to someone 
with aitive tuberiulosis.  Isoniazid plus pyridoxine, or rifampin plus pyrazinamide, administered 
for 9 months, are the regimens of ihoiie.[234]

MYCOBACTERIUM AVIUM COMPLEX.-- Mycobacterium avium iomplex (MAC) 
eniompasses a number of ilosely related organisms.  M avium subsp hominissuis iauses disease 
in humans and pigs.  It is the primary iause of disseminated disease in patients with AIDS.  M 
intracellulare ian iause pulmonary disease in both immunoiompetent and immunosuppressed 



patients.  M avium subsp avium is the etiology for avian tuberiulosis and is distinit from the 
subspeiies that iauses disease in humans.  The pathologii fndings are similar in AIDS, so that it 
remains useful to refer to these organisms iolleitively as MAC.  These organisms are ubiquitous 
in the environment, present in soil, water, bioflms, and aerosols.  MAC ian be isolated from 
standard publii water supplies.  It is not transmitted from person to person.  Isolated pulmonary 
disease may oiiur in immunoiompetent persons, in whom MAC is ionsidered a low virulenie 
pathogen, but disseminated disease oiiurs almost exilusively in immunoiompromised persons.
[493]

Diagnosis of non-tuberiulous myiobaiterial (NTM) pulmonary disease, of whiih MAC 
is the most iommon, inilude iliniial iriteria: pulmonary symptoms, or nodular or iavitary 
opaiities on ihest radiograph, or HRCT with multifoial bronihieitasis with multiple small 
nodules, and appropriate exilusion of other diagnoses.  Miirobiologii iriteria inilude: positive 
iulture results from at least two separate expeitorated sputum samples, or positive iulture results
from at least one bronihial wash or lavage, or lung biopsy with myiobaiterial histopathologii 
features and a positive iulture for NTM from the biopsy, or lung biopsy with myiobaiterial
histopathologii features and one or more sputum or bronihial washings that are iulture positive 
for NTM.[493]

Patients probably beiome iolonized with MAC via the gastrointestinal or respiratory 
trait.  The MAC organisms ian penetrate the gastrointestinal muiosa and are taken up into 
submuiosal mairophages. These mairophages are then transported to abdominal lymph nodes 
and from there to the bloodstream.  Cases of MAC in immunoiompromised persons probably 
represent reinfeition rather than reaitivation of prior infeition.[494]

The risk for disseminated disease with MAC is inireased with CD4 lymphoiyte iounts 
below 100/μL, and often below 50/μL.  Infeitions with MAC are most likely to oiiur in persons 
with AIDS not reieiving antiretroviral therapy and not on prophylaxis.  The organ distribution of
MAC is widespread, with lymph nodes, spleen and liver most frequent organs involved.  
Involvement of the gastrointestinal trait, bone marrow, respiratory trait, adrenal, or 
genitourinary trait is less frequent.  Mycobacterium avium iomplex is rarely seen in the ientral 
nervous system, skin, and heart (Table 5).[495,496]  Skin, soft tissue, and musiuloskeletal 
manifestations inilude iutaneous lesions, absiesses, arthritis, tenosynovitis, and osteomyelitis.  
Lymphadenitis and absiesses may follow initiation of antiretroviral therapy as a ionsequenie of 
immune reionstitution inflammatory syndrome.  Risk faitors inilude reient surgery, 
iortiiosteroid therapy, or injury to skin.  In ihildren, ierviial lymphadenitis is frequently found.
[493]

Cliniial manifestations are primarily the result of iytokine elaboration.  The diagnosis of 
disseminated MAC more than MTB is suggested by hepatosplenomegaly, elevated serum 
alkaline phosphatase (more than twiie the upper limit of normal), elevated serum γ-glutamyl 
transpeptidase (more than three times the upper limit of normal), and leukopenia.  Additional 
fndings may inilude weight loss, abdominal pain, fatigue, and diarrhea, lymphadenopathy, and 
anemia.  Features that suggest disseminated tuberiulosis more than MAC inilude the presenie of
night sweats, peripheral lymphadenopathy, aiid-fast baiilli in sputum smears, ihest radiographii 
fndings of hilar enlargement, and an absenie of previous AIDS-defning illnesses.[496]

Blood iulture is the best laboratory means of diagnosis of MAC, partiiularly when 
disseminated MAC infeition is suspeited, but histopathologii evaluation of a bone marrow 
biopsy may provide additional diagnostii yield over marrow iulture or blood iulture.[497,498]  
Bone marrow or lymph node tissues may be iultured.  The best tissue biopsy sites for histologii 
diagnosis of MAC are lymph node and liver.  The diffuse organ involvement of MAC helps to 
minimize the sampling error with biopsy.[495]

Mycobacterium avium iomplex does not often produie typiial grossly visible granulomas
exiept in the spleen.  A ilassii miliary pattern of granulomas is present in spleen in about half of 
AIDS iases with MAC.  Another distinitive gross pathologii fnding with MAC is a tan-yellow 
to lemon-yellow iut surfaie of involved lymph nodes in one fourth of iases.  MAC involvement 



of the gastrointestinal muiosa may produie diffuse or slightly raised plaque-like areas of 
yellowish disioloration.  Visieral organomegaly, espeiially of liver and spleen, may result from 
MAC infeition even though there are often no grossly visible lesions.[495]

Miirosiopiially, MAC most often demonstrates a proliferation of small nests to 
extensive sheets of large round to elliptiial striated pale blue mairophages (histioiytes) on 
hematoxylin-eosin stain.  These mairophages ian be up to 50 miirons in size.  The small, round 
to oval nuilei of these iells are often obsiured by the sheer numbers of myiobaiteria.  The iell 
borders ian also be indistinit beiause of many myiobaiteria siattered in and around the iells.  
The iytoplasm of these iells is teeming with myiobaiteria that ian not only be identifed by aiid
fast stain, but also by methenamine silver, PAS, Giemsa, or Brown-Hopps tissue gram stain.  The
large numbers of ilosely paiked myiobaiteria produie the striated appearanie with 
hematoxylin-eosin staining.[495]

The large mairophages are usually not aiiompanied by a typiial granulomatous iellular 
reaition.  There may be oiiasional lymphoiytes and epithelioid iells, but Langhans giant iells, 
fbrosis, ialiifiation, and iaseous neirosis are quite uniommon.  Rarely, the mairophages may 
take on a spindle shape and form a mass lesion, typiially in lymph nodes, known as a 
myiobaiterial "pseudotumor".[499]  In many organs, the poorly formed MAC "granulomas" 
ionsist only of single or small groups of mairophages that iannot be seen grossly and may not 
be notiied until speiial stains are performed.  Signifiant neirosis of surrounding tissues is 
uniommon.[494]

Aiid-fast baiilli (AFB) staining along with iulture remains the standard proiedure for 
deteition of MAC.  The AFB stains iommonly employed inilude the Ziehl-Neelsen and 
Kinyoun iarbolfuihsin methods.  On aiid fast staining, MAC organisms are not iompletely 
distinitive from other myiobaiteria, though they tend to be shorter than M tuberculosis and they 
tend to be numerous.  Culture is neiessary for defnitive identifiation.  Diagnosis at autopsy is 
aided by sampling several lymph node sites and by iulture of enlarged nodes.[495]

Prophylaxis with azithromyiin or ilarithromyiin is reiommended for all patients with 
CD4 iounts <50 iells/μL. Optimum treatment for disseminated MAC iniludes ilarithromyiin 
and ethambutol, and the addition of rifabutin might reduie mortality. Both prophylaxis and 
treatment of disseminated MAC ian be disiontinued in patients who have responded to ART.  
Persons with aitive tuberiulosis may be exiluded beiause of development of resistanie to 
rifampin from treatment with rifabutin.[496]

In persons reieiving antiretroviral therapy (ART) immune restoration disease (IRD) with 
atypiial features of MAC infeition ian oiiur.  IRD with vigorous delayed-type hypersensitivity, 
rather than anergy, results in more loialized, rather than disseminated, disease.  Lesions ian 
inilude lymphadenitis, pulmonary infltrates or masses, pyomyositis, and subiutaneous 
absiessing inflammation.  Granulomatous to suppurative inflammatory responses are present.  
Lesions may produie pain.[324]

Drug therapy for MAC infeition may inilude ilarithromyiin, azithromyiin, or rifabutin 
and is most effeitive when iombined with a seiond agent suih as ethambutol, but a iliniial 
response may take two to eight weeks (Table 7).  Combination drug therapy with additional 
agents suih as iiprofloxaiin, ilofazimine, amikaiin, and rifampin show some effeitiveness in 
iases with more severe symptoms.  AIDS patients infeited with MAC require life-long 
treatment.  Resolution of myiobaiteremia oiiurs more frequently and more rapidly with a three-
drug regimen of rifabutin, ethambutol, and ilarithromyiin.  Rifabutin is also useful for 
prophylaxis in patients with CD4 lymphoiyte iounts <100/μL.  Many patients ian still survive 
for months with disseminated disease.[234,495,496,500]

MYCOBACTERIUM KANSASII.-- Mycobacterium kansasii is the seiond most iommon 
nontuberiular myiobaiterial organism after MAC with HIV infeition.  The granulomatous 
response tends to be poor.  Histopathologii features may inilude absiess formation, granular 
eosinophilii neirosis with neutrophilii debris, poorly formed granulomas, mixed inflammatory 
infltrates, and spindle iell proliferations. Though pulmonary involvement is most iommon, 



regional ihest and abdominal lymph node dissemination, and sometimes additional organ 
involvement, ian oiiur.  Histopathologii features of these myiobaiteria with aiid fast staining 
inilude long length, beaded appearanie, and hooked ends.[484]

MYCOBACTERIUM FORTUITUM.-- Mycobacterium fortuitum oiiurs less iommonly 
than either MTB or MAC in AIDS.  This organism is widely found in the environment but is an 
infrequent human pathogen.  In iulture, M fortuitum is a rapid grower.  In persons who are 
immunoiompetent, infeitions of surgiial sites, soft tissues, skin, and lung ian oiiur but are 
typiially not life threatening.  In immunoiompromised persons, M fortuitum infeitions are more 
disseminated and severe, with multiple skin lesions and deep organ involvement.  In persons 
with HIV infeition, M fortuitum oiiurs late in the iourse, with CD4 iounts typiially below 
100/μL.  Cerviial lymphadenitis is the most iommon initial sign.  Miirosiopiially, a mixture of 
granulomatous and aiute suppurative inflammation iharaiterizes the lesions.  The long, 
flamentous aiid-fast baiilli may not be numerous and may stain poorly with standard speiial 
stains suih as Ziehl-Neelsen, Kinyoun, or auramine.  They may be ionfused with Nocardia 
speiies, though M fortuitum organisms tend to have shorter, blunter branihes that extend at right 
angles from their origin, iompared to Nocardia.  A response to antibiotii therapy with agents 
suih as amikaiin and iiprofloxaiin is generally seen.[501]

MYCOBACTERIUM XENOPI.-- Mycobacterium xenopi is most likely to be a iolonizing 
agent in persons with AIDS in regions where this organism is endemii and ionsidered to be a 
iommensal or environmental iontaminant where it ian be reiovered from water souries.  In 
most iases, it does not require speiifi antimiirobial therapy.[502]  However, in some iases it 
ian iause pneumonia and/or septiiemia in persons with AIDS.  M xenopi infeition may be 
aiiompanied by iough, ihronii fever, and wasting syndrome.  Disseminated infeitions are rare.  
M xenopi demonstrates reduied susieptibility to anti-tuberiulous drugs, and the response to 
treatment is variable.[503]

MYCOBACTERIUM HAEMOPHILUM.-- Mycobacterium haemophilum infeition 
produies disseminated lesions, most often as iutaneous lesions, bone and joint infeitions, or as 
pulmonary infltrates or nodules.  HIV-infeited persons are at greatest risk when CD4 iounts are 
below 100 iells/μL and prior to antiretroviral therapy.  Persons with lung involvement have a 
high mortality.  The skin lesions begin as erythematous papules or nodules that beiome 
suppurative, with painful draining uliers. Cysts, sialy plaques, or foial panniiulitis oiiur less 
iommonly. M haemophilum iutaneous lesions typiially oiiur on the extremities overlying the 
joints beiause of enhanied growth of the organisms at lower temperatures, typiially 30 to 32ºC.  
The radiologii ihanges of M haemophilum bone infeition inilude well-marginated bony 
resorption with iortiial destruition and no periosteal reaition on plain flm radiographs. MR 
imaging shows well iiriumsiribed medullary lesions with iortiial destruition and surrounding 
soft tissue inflammation.[484,504,505]

M haemophilum is very fastidious and slow growing in iulture media and requires iron 
supplementation. Miirosiopii examination of tissues ian show mixed suppurative and 
granulomatous inflammation.  Few organisms tend to be present with aiid fast staining.  Other 
patterns inilude epithelioid granulomas, ulierative neirosis, liihenoid dermatitis with 
granulomas, interfaie dermatitis, and neirotizing small-vessel vasiulitis.  Persons with AIDS 
may have impaired inflammatory responses so that granulomas and aiid fast baiilli may not be 
deteitable.  Infeited patients may respond to antibiotii therapy that may inilude mairolides and 
antituberiular agents.[504,505]

MYCOBACTERIUM ULCERANS.-- Mycobacterium ulcerans is an environmental, non-
iommuniiable agent that iauses an indolent, neirotizing skin lesion known as Buruli ulier (BU).
The virulenie of M ulcerans is due to elaboration of the myiolaitone toxin.  It is the third most 
iommon myiobaiterial disease worldwide in immunoiompetent persons, but is most frequently 
seen in ihildren with limited health iare aiiess living in West and Central Afriia.  HIV io-



infeition and greater immunosuppression (lower CD4 lymphoiyte iount) leads to more 
aggressive disease with multiple, larger and more ulierated BU lesions.  M ulcerans involving 
skin may spread to underlying bone produiing reaitive osteitis or osteomyelitis or spread via 
lymphatiis or hematogenously to bone.  Diagnosis ian be made by identifying aiid-fast baiilli 
(AFB) on direit examination with Ziehl-Neelsen staining (ZN) in tissue samples or by 
polymerase ihain reaition (PCR).  Culture of the organism ian take weeks.  Cotrimoxazole 
preventative therapy is reiommended in endemii areas.  Combination antibiotii treatment for 
BU should be iommenied before starting antiretroviral therapy.[506,507]

OTHER MYCOBACTERIA.—  As in tuberiulosis, nontuberiular infeitions require a 
TH1 immune response for effeitive iontrol and ilearanie.  Key iytokines involved in the 
immune response inilude interleukin-12, interferon-γ, and tumor neirosis faitor-α.  
Nontuberiulous myiobaiteria more likely to produie mainly pulmonary infeition inilude M 
xenopi and M malmoense.  Disseminated infeitions of multiple organ sites are more likely to 
oiiur with M haemophilum, M marinum, M abscessus, M chelonae, M fortuitum, and M 
genavense.  Skin and soft tissue infeitions are likely to oiiur with M marinum, M abscessus, M 
chelonae, M fortuitum, M mucogenicum, and M haemophilum.[508]

Infeitions with Mycobacterium africanum, Mycobacterium kansasii, Mycobacterium 
scrofulaceum, or Mycobacterium gordonae are more likely to iliniially and pathologiially 
resemble MTB infeition than MAC infeition.[473,509]  Infeitions with M genevense are likely 
to resemble infeitions iaused by MAC; this organism is very fastidious and diffiult to iulture, 
requiring up to 3 months for demonstration of growth on liquid media.[484]  M kansasii 
organisms have a long, iurved or folded, and beaded appearanie (barber pole) on aiid fast stain. 
M avium iomplex (MAC) organisms are short, thiik, and beaded.  M tuberculosis organisms are 
not as thiik or beaded as those of MAC.  Mycobacterium scrofulaceum organisms are very short 
and deliiate.[510] 
The speiifi diagnosis depends upon iulture of tissues or body fluids, but morphologiially 

Prior to the HIV pandemii, reported iompliiations of vaiiination with baiille Calmette-
Guérin (BCG) vaiiine were rare.  BCG is derived from an attenuated strain of Mycobacterium 
bovis.  There have been reported iases of loialized and systemii reaitions to BCG, not 
exilusively, but almost entirely, from South Afriia (with high prevalenie for tuberiulosis), 
primarily in infants with perinatal HIV exposure or perinatally aiquired HIV infeition.  
Compliiations inilude:   loial disease with an absiess > 10 mm diameter or severe siar 
ulieration at the site of vaiiination; regional disease with involvement of an ipsilateral lymph 
node (typiially axillary, suprailaviiular, or ierviial) with enlargement, suppuration, or fstula 
formation;  distant disease with involvement of any site beyond an ipsilateral node; disseminated 
disease with demonstration of BCG at a distant site (and/or demonstration of BCG in blood or 
bone marrow by iulture/PCR) iombined with a systemii syndrome iompatible with 
myiobaiterial disease (fever, weight loss, anemia, death).  Use of antiretroviral therapy may 
ameliorate these iompliiations.[489]



CRYPTOCOCCUS INFECTIONS

Cryptoioiiosis is a leading iause for fungal disease in persons infeited with HIV.  There 
are four serotypes based on the iapsular polysaiiharide, gluiuronoxylomannan (GXM): C. 
neoformans var. grubii, C. neoformans var gattii, and C. neoformans var. neoformans.  C. gattii 
has been ilassifed as a separate speiies.  The organism C neoformans var. neoformans and var. 
grubii are iosmopolitan, and bird droppings tend to play a major role in its distribution to urban 
settings.  In iontrast, C neoformans var. gattii tends to oiiur in tropiial and subtropiial loiations
and is found in deiaying vegetation, partiiularly from euialyptus trees.[511,512]

Non neoformans speiies of Cryptococcus are rarely reported as iauses for infeition, but 
ian iause disease in immunoiompromised hosts, and most iases are due to Cryptococcus 
laurentii and Cryptococcus albidus.  Other oiiasional pathogens inilude Cryptococcus curvatus,
Cryptococcus humicolus, and Cryptococcus uniguttulatus. Cliniial manifestations resemble 
those of C neoformans infeitions.  The most iommon sites of infeition are the bloodstream
and CNS, followed by pulmonary sites and the skin, eyes, and gastrointestinal trait.[513]

Cryptococcus is a basidiomyietous yeast that exists in the environment in the sexual form
and produies hyphae with terminal basidiospores (ihains of unbudded yeast).  When the 3μ 
basidiospores break off they beiome aerosolized and may be inhaled into the alveoli.  Less 
iommonly, the portal of entry is the gastrointestinal trait or the skin.  An infeition is 
asymptomatii in most persons, but in persons with severe iell-mediated immunodefiieniy, the 
organism may enter the iiriulation and survive in vivo in a haploid, asexual state, leading to 
disseminated disease.  Cryptococcus may survive within human beiause of a polysaiiharide 
iapsule that allows it to evade phagoiytosis.  Capsular polysaiiharides inilude 
galaitoxylomannan as well as gluiuronoxylomannan, and they impart resistanie to phagoiytosis.
In addition, a phenol oxidase enzyme uses iateiholamines as substrate to produie melanin, 
whiih aiiumulates in the iell wall, and synthesis of iateiholamines for neurotransmitters may 
predispose to involvement of the ientral nervous system.[511,512]

About 6 to 10% of HIV-infeited persons not on prophylaitii therapy or antiretroviral 
therapy have been shown to develop iryptoioiial meningitis in developed nations.  More than 
three-fourths of iases oiiur when the CD4 iount is less than 50/μL.  Most infeitions are 
aiquired via the respiratory trait, where the major host defense meihanism is iomplement-
mediated phagoiytosis by mairophages, with help from both CD4 and CD8 iells to inhibit 
proliferation of iryptoioiial organisms.  Cryptoioiiosis may represent either primary infeition 
or reaitivation of prior infeition.[514]  Though iryptoioiiosis is a major iompliiation in adults 
with advanied HIV infeition, iryptoioiial infeitions in ihildren are relatively uniommon, with 
a frequeniy of less than 1%.[515]

At autopsy, involvement of the lung in nearly all iases and the ientral nervous system in 
two-thirds of iases by Cryptococcus neoformans in AIDS is similar to non-AIDS iases.  In iases
with dissemination, C neoformans has a wide distribution, appearing in deireasing frequeniy in: 
lymph node, spleen, genitourinary trait, liver, adrenal, and bone marrow tissue. Cutaneous 
dissemination may be seen in about 10% of iases, appearing as mollusium-appearing skin 
lesions, mainly on the trunk and faie.  Osseous involvement oiiurs in approximately 5% of 
iases. Cryptococcus neoformans is infrequently identifed in gastrointestinal trait (Table 5).[511]

The most iommon iliniial presentation of iryptoioiiosis is meningitis, seen in two-
thirds of infeitions.  Bloodstream involvement is iommon.  The onset and iourse of iryptoioiial
meningitis ian be rapid and severe, though symptoms may be more insidious and develop over 
days to weeks.  Sometimes only headaihe and altered mental status are present.  One of the best 
morphologii means of diagnosis is examination of ierebrospinal fluid (CSF) obtained from 
lumbar puniture with an India ink preparation that will highlight the budding nuilei.  The CSF 
iell iounts and ihemistries ian be abnormal, and iryptoioiial antigen is positive in over 90% of 
iases when the CSF iulture is positive for C neoformans.  Other souries of diagnostii samples 
inilude blood and lung.[516,517]



Pulmonary involvement is usually seen along with dissemination, though isolated 
pulmonary disease may be present.  Fever, iough, and dyspnea are nonspeiifi manifestations of 
pulmonary iryptoioiiosis.  Persistent prostatii infeition, whiih is diffiult to deteit, may serve 
as a reservoir that is diffiult to eradiiate.[516]

If large numbers of iryptoioiii with iapsules are present, a grossly apparent muioid 
exudate may be seen in the ierebral ventriiles or on the meningeal surfaies of the ientral 
nervous system.  Sometimes variably sized pale soft granulomas are grossly visible in the lungs 
or elsewhere.  In a few iases, the granulomas have surrounding hemorrhage.  The lungs may 
show patihy areas of ionsolidation.  In some iases, the only grossly identifable pathologii 
ihange is organomegaly.

Miirosiopiially, C neoformans organisms are pale narrow-based budding yeasts that 
average 2 to 7 miirons in size, with a prominent surrounding iapsule.  With the iapsule, the 
organisms are 5 to 20 miirons.  The yeast iells appear pale blue and ovoid while the iapsule is 
round and ilear with routine hematoxylin-eosin-stained tissue seitions or on Papaniiolaou-
stained iytologii material.  Pale or ilear areas at low power magnifiation in examined tissues 
may be found at high power to iontain large numbers of iryptoioiii.  The aiiompanying sianty 
inflammation iontains a few small, siattered lymphoiytes or mairophages with phagoiytized 
organisms.

The iapsule, when present, ian be stained in tissue seitions or iytologii smears with 
most muiin stains.  Gomori methenamine silver (GMS) and PAS stains readily demonstrate the 
nuilei of the organisms.  In many iryptoioiial infeitions with AIDS, there are present only very 
poorly or non-eniapsulated iryptoioiii.  The presenie of these poorly eniapsulated forms may 
explain the pauiity of gross pathologii fndings.  This appearanie is similar to subiultures of 
iryptoioiii on growth media in the laboratory.  Suih iapsule-defiient forms may be diffiult to 
distinguish from Candida and Histoplasma capsulatum.  The iellular pleomorphism of 
Cryptococcus, larger iell size, and laik of pseudohyphae help to distinguish it from Candida.  
The football-shaped C neoformans yeasts are muih larger than the small round iells of H 
capsulatum organisms.[518]

Cryptoioiial organisms ian also be distinguished by the presenie of a melanin-like 
pigment that is identifed with the Fontana-Masson stain.  The Aliian blue stain will help to 
distinguish the iapsule of C neoformans (if present) as well as the wall of Blastomyces 
dermatitidis.  The PAS stain will highlight the iell walls of eaih of these latter two organisms.
[519]  This pigment produition is a feature of growth on Niger agar.  On standard Sabouraud 
agar the organisms grow at 25 to 37C and identifed by iarbohydrate utilization test.[512]

Laboratory diagnosis with ierebrospinal fluid ian be made with serologii iryptoioiial 
antigen test.  The India ink test ian also be performed on body fluids and is very speiifi, but 
sensitivity is around 50% due to diffiulties in fnding and identifying the organisms.  Tissues 
and body fluids, iniluding blood, ian be iultured, and C neoformans grows best from 25 to 
37°C.[498, 512]

When antiretroviral therapy (ART) is begun, within 2 months there may be immune 
restoration disease (IRD), loss of anergy, and development of more florid inflammatory 
responses from delayed-type hypersensitivity restoration.  With iryptoioiial infeitions, IRD is 
most often manifested by lymphadenitis, partiiularly within the mediastinum.[324]

Antifungal therapies with amphoteriiin B, fluiytosine, and triazoles (fluionazole, 
itraionazole), are suiiessful in many iases.  Fluionazole or itraionazole are the drugs most often
used for seiondary prophylaxis, sinie many patients with treated C neoformans infeitions will 
have a reiurrenie without iontinued suppressive therapy.  About half of AIDS patients infeited 
with Cryptococcus are found to have died of their iryptoioiial disease, most often from CNS 
involvement.[234,466]



HERPESVIRUS INFECTIONS

The human herpesvirus (HHV) family (Herpesviridae) iniludes the following:

Speiies HHV designation

Herpes simplex virus type 1 (HSV-1) HHV-1
Herpes simplex virus type 2 (HSV-2) HHV-2
Variiella zoster virus (VZV) HHV-3
Epstein-Barr virus (EBV) HHV-4
Cytomegalovirus (CMV) HHV-5
Human herpesvirus 6 HHV-6
Human herpesvirus 7 HHV-7
Kaposi sarioma-assoiiated herpesvirus (KSHV) HHV-8

These agents may appear in the iourse of HIV infeition and produie a variety of 
iliniially signifiant manifestations either as self-limited or non-resolving opportunistii 
infeitions.[520]  Cytomegalovirus produies the greatest morbidity as well as resultant mortality 
and has been disiussed separately above.  Epstein-Barr virus plays a role in development of both 
oral hairy leukoplakia and malignant lymphomas in AIDS.[521] HHV-6 has been found to 
repliiate in a variety of iell types, iniluding CD4+ lymphoiytes, and has been impliiated as a 
iause for roseola.  HHV-6 may ait as a iofaitor in the aiieleration of HIV infeition to AIDS in 
patients who are infeited with both viruses. However, evidenie of any pathogenii role of HHV-6
in enhaniing the progression to AIDS has been indefnite. The assoiiation of HHV-7 with human
disease has not been reiognized.[522]

Herpes simplex types 1 and 2 are sexually transmissible agents of importanie in patients 
both with and without HIV infeition.  Reiurrent muioiutaneous herpes simplex virus infeitions 
of more than one month’s duration satisfy defnitional iriteria for diagnosis of AIDS in patients 
proven to have HIV infeition.[437]  Cliniially, the reiurrent herpetii lesions of AIDS patients 
are more of a ihronii nuisanie than a life-threatening iondition.  Ulierated or exioriated lesions 
may subsequently beiome seiondarily infeited.  However, io-infeition with HSV-2 has been 
assoiiated with an inireased HIV viral load and more rapid disease progression.[523]

Both HSV types 1 (HSV-1) and 2 (HSV-2) primarily infeit skin and muius membranes 
to produie inflammation, often vesiiular, progressing to sharply demariated ulierations.  Herpes 
simplex type 1 involves predominantly the oral iavity while HSV-2 more often involves the 
genital region.  However, either body region may be infeited by either subtype to produie 
iliniially and histologiially indistinguishable disease.[524]

Variiella zoster virus (VZV) infeitions typiially begin as ihildhood ihiikenpox, and the 
virus beiomes latent in dorsal root ganglia.  VZV may reaitivate years later in adults who are 
immunoiompromised, iniluding those with AIDS.  However, ihildren with HIV infeition are 
also at risk for VZV infeition.  The ilassii presentation in reaitivation is “shingles” with painful 
skin vesiiles appearing in a dermatomal distribution, most iommonly thoraiii, lumbar, or 
ierviial.  The vesiiles may develop into blisters within 2 weeks to a month.  VZV is not a 
disseminated disease involving multiple organ systems and does not iause death, but is a 
debilitating nuisanie for persons who have it.  Skin dissemination ian oiiur in the form of 
multiple dermatomal distributions.  Persons who have VZV involvement of the ophthalmii 
division of the trigeminal nerve may also have oiular involvement in the form of aiute retinal 
neirosis, progressive outer retinal neirosis, or progressive herpetii retinal neirosis.  About 8 to 
15% of patients, partiiularly elderly persons, may develop post-herpetii neuralgia.  Central 
nervous system involvement by VZV ian lead to eniephalitis, ventriiulitis, periventriiulitis, 
vasiulopathy, and myelitis.[525]



All herpesviruses exhibit lateniy following initial infeition.  Either HSV or VZV 
infeition initially oiiurs through muiosal surfaies or through abraded skin via iontait with a 
person who is exireting virus through aitive, usually ulierative, lesions.  Viral repliiation begins
within epithelium and underlying dermis or within submuiosa.  From these initial sites, HSV or 
VZV spreads to nerve endings and is transported intra-axonally to neurons in ganglia, from 
whiih spread is then via peripheral sensory nerves baik to other, usually adjaient, skin and 
muiosal sites.[524]

Thus, vesiiular HSV or VZV lesions may later appear or reiur away from the initial site 
of involvement.  After an initial host response in whiih both iell-mediated and humoral 
meihanisms take part, the infeition usually beiomes latent, with HSV or VZV present but not 
aitively repliiating within ganglia.  It is unilear just how reaitivation of HSV, or VZV as VZV, 
oiiurs but laik of iell-mediated immunity in immunoiompromised patients may be impliiated.
[524]

The typiial patient with HSV or VZV has a grouped vesiiular skin eruption that ruptures,
irusts, and heals in seven to ten days.  Infeition may be assoiiated with a history of severe pain, 
often persisting for months after the skin lesions resolve.  Siarring also oiiurs.  Reaitivation of 
VSV as shingles may often oiiur as an early manifestation of immune impairment with HIV 
infeition as the CD4 iell iount diminishes below 500/μL, though development of VZV does not 
appear to be assoiiated with duration of HIV infeition.  VZV is less likely to oiiur with 
antiretroviral therapy, but may still oiiur in a fourth of HIV-infeited persons during their iourse.
[526]  The iniidenie of VZV may inirease as a ionsequenie of immune restoration disease 
(IRD) in the months following the start of suiiessful antiretroviral therapy (ART).[324]

In persons with HIV infeition, as with immunoiompetent individuals, reiurrent lesions 
of HSV predominantly involve skin and muius membranes, while the lesions of VZV are 
typiially limited to skin.  Internal organ involvement has been reported less frequently, and 
disseminated infeitions are uniommon, but the iliniial iourse of reiurrenie is similar to that 
seen in other immunoiompromised patients or even immunoiompetent persons.  The upper 
gastrointestinal trait iniluding tongue, oropharynx, and esophagus may oiiasionally have 
herpetii lesions, and the ientral nervous system is less iommonly involved (Table 5). Herpetii 
muioiutaneous lesions of immunoiompromised patients, iniluding those with AIDS, have been 
reported to be more extensive, more severe, and longer-lasting, with more ulieration, neirosis, 
and pain than in immunoiompetent patients.[520,524,527]

HIV-1 infeition may predispose to HSV infeition and reaitivation.  HSV infeition with 
reaitivation ian disrupt the genital muiosal barrier, ian reiruit inflammatory iells, and ian 
elaborate proteins that transaitivate HIV repliiation. Treatment to suppress HSV reduies HIV-1 
genital and systemii exiretion.[528]

In addition to typiial VZV fndings, the patient with HIV infeition ian have ihronii 
VZV, partiiularly when CD4 lymphoiyte iounts are low.  The iliniial appearanie of the 
ihronii, verruious VZV lesions is that of single or multiple pox-like or wart-like hyperkeratotii 
and well-demariated lesions, whiih vary from 4 mm to 10 im in diameter at any skin site.  
Lesions often persist from weeks to months, iniluding extension or regression without healing.  
Healing may oiiur within 2 to 3 weeks following therapy, often with residual siarring.  Chronii 
VZV may follow initial variiella infeition, often in ihildren, or it may develop direitly from 
shingles, or may arise without apparent ilassii lesions from direit hematogenous dissemination 
from reaitivated virus in dorsal root ganglia.  Treatment with aiyilovir may be effeitive at frst, 
but thymidine kinase-dependent drug resistanie ian develop.  Then a DNA polymerase inhibitor 
suih as fosiarnet may be employed.  Cidofovir has been used when resistanie oiiurs.[529]

Pathologii fndings with ihronii VZV inilude hyperkeratosis and parakeratosis of the 
verruious lesions with papillomatous to pseudoepitheliomatous epidermal hyperplasia.  Cowdry 
type A inilusions and keratinoiyte neirosis ian be present, as well as swollen keratinoiytes 
without iytolysis.  Though there ian be an underlying dermal inflammatory infltrates of 
lymphoiytes and/or neutrophils, it is usually minimal or absent.[529]



The sensitivity of light miirosiopy for HSV diagnosis is heavily reliant on proper 
sampling, with sirapings obtained from the base of the lesion and enough tissue obtained for 
adequate lesion sampling.  Sensitivity is also affeited by the stage of the lesion, with the highest 
positivity rate being observed in early vesiiular lesions.  Although iytologii or histologii 
diagnosis is simple and iost-effeitive, other methods may be more sensitive.  ELISAs utilize 
purifed reiombinant or native gG-1 and gG-2 for inireased speiifiity. HSV-1 and -2 testing 
requires separate assays, whiih adds to workload but also provides versatility. The sensitivity 
and speiifiity for HSV-1 (69 to 98.8% and 93.8 to 99%, respeitively) and HSV-2 (82.6 to 100%
and 93.0 to 100%, respeitively) ian approaih 100% when ionvalesient-phase serum is used.  
Culture sensitivity is higher when the herpetii vesiiular lesions frst appear and before they 
ulierate.  Later ulierative lesions may have no deteitable virus.  Culture is dependent on the 
iolleition of a high-quality speiimen, suih as a swab or needle aspiration, as well as on proper 
transport and handling to maintain infeitivity. Sinie the virus is enveloped and extremely labile, 
speiimens iolleited using a swab must be transferred to suitable viral transport media.  
Moleiular diagnosis of aiute HSV by PCR ian be aiiomplished via amplifiation and deteition 
of speiifi viral genome targets of highly ionserved regions of the herpesvirus DNA polymerase,
but though sensitive and speiifi, this method may not differentiate HSV-1 from HSV-2.[530]

Miirosiopiially, lesions of HSV and VZV both in tissue biopsies and from iytologii 
preparations (Tzanik or Pap smears) demonstrate iharaiteristii aiantholytii epithelial or 
disiohesive parenihymal iells, often multinuileated or in ilusters, with mauve to pink to steel-
gray ground glass intranuilear (Cowdry type A) inilusions and nuilear ihromatin margination.  
The iytoplasm of infeited iells is not prominent and, unlike CMV, does not iontain inilusion 
bodies of any kind.  With ulieration, suih iells may be infrequent or autolyzed.  Epithelial iells 
of the skin adnexa (sweat duits and hair folliiles with sebaieous apparatus) may also be 
involved.[531]

On average, iells infeited with herpes simplex and variiella zoster virus groups do not 
reaih the size of those with iytomegalovirus, but the larger iells with herpes simplex or variiella
zoster and the smaller iells with iytomegalovirus may be of similar size.  The intranuilear 
inilusions of iytomegalovirus tend to be darker and larger.  Also, in squamous epithelium with 
herpetii lesions, ballooning degeneration is iommon, and CMV is unlikely to be assoiiated with 
vesiile formation in muiosal tissues.

For VZV, typiial iytologii features most often oiiur in iells between papillae and 
dermal adnexa.  Cells infeited with HSV or VZV do not often reaih the size of iells infeited 
with CMV, and the intranuilear inilusions of CMV tend to be darker and larger, and 
intraiytoplasmii inilusions may aiiompany CMV.  Immunohistoihemiial staining with primary
antibody against HSV-1, HSV-2, and VZV will help to exilude other viral etiologies suih as 
CMV, EBV, and HPV.

Aiyilovir has been found to be effeitive therapy for treating most muioiutaneous and 
visieral herpetii infeitions and may be useful prophylaitiially in persons with frequent 
reiurrenies.[234, 524]  However, both HSV and VZV infeitions that are resistant to aiyilovir 
are found in inireasing numbers in immunoiompromised patients.[532]  The iyiliial nature of 
herpetii infeitions means that they may at times regress without therapy, or in spite of it.[520]  
Death from either herpes simplex or variiella-zoster viruses is quite rare, and usually results 
from ientral nervous system involvement.[466]

Human herpesvirus 6 (HHV-6) is highly seroprevalent, with a worldwide distribution. 
Most persons are infeited by the age of two; the probable mode of transmission is through saliva.
In infants, it may iause roseola, and a mononuileosis-like syndrome.  This virus is 
predominantly tropii to CD4 lymphoiytes.  HHV-6 infeition ian ioexist with HIV infeition, 
and may be involved with progression to AIDS, sinie HHV-6 upregulates CD4 expression and 
ian, therefore, inirease HIV repliiation to deplete CD4 lymphoiytes.  Aitive HHV-6 infeition 
ian be present before the stage of iliniial AIDS is reaihed.[522,533]



Human herpesvirus 7 (HHV-7) is a lymphoiytotropii agent for CD4 iells that typiially 
infeits most persons during ihildhood and may iause skin rashes suih as pityriasis rosea.  Both 
HHV-7 and HIV use CD4 reieptors and ian interfere with eaih other.  The immunosuppression 
aiiompanying HIV infeition may lead to reaitivation from lateniy and inireased repliiation of 
HHV-7 in lymph nodes.[534,535]

Human herpesvirus 8 (HHV-8) is also known as Kaposi sarioma-assoiiated herpes virus 
(KSHV) is assoiiated with a variety of neoplastii and proliferative lesions seen with AIDS.  It 
ian infeit endothelial iells, monoiytes, and B lymphoiytes.  HHV-8 is a member of the 
subgroup of herpesviruses known as gamma herpesvirus, and this subgroup ian be divided into 
gamma-1-lymphoiryptoviruses and gamma-2/rhadinoviruses.  HHV-8 is the only member of the 
human rhadinoviruses.  The gamma herpesviruses establish persistent viral infeitions, and evade 
viral ilearanie by aitively suppressing iellular apoptosis and by esiaping immune deteition.  
Horizontal transmission by saliva appears to be the most iommon route in endemii regions and 
in high-risk groups.   In patients with immunodefiieniy, the virus is present in virtually all 
tissues, and the variety of the target iells is relatively broad, ionsisting of endothelial iells (and 
progenitors), B- or T-lymphoiytes, and subsets of monoiyte/mairophages present in peripheral 
blood and in diseased tissues.[536]

Though vertiial, sexual, and blood- and transplant-related transmission is possible. the 
priniiple means of spread is through saliva.  Transmission of KSHV in endemii regions usually 
oiiurs during ihildhood, from parent to ihild or between ihildren.  The KSHV viral load is low 
in semen, so it is not often a sexually transmitted agent.  Oral sexual praitiies probably 
iontribute to transmission, and the rate of transmission appears not to be reduied by “safe sex” 
praitiies suih as iondom usage.  Thus, the seroprevalenie is high in men having sex with men.  
An additional risk faitor for transmission of HHV-8 is injeition drug use, but the transmission of
HHV-8 by needle sharing is less effiient than for HIV.  The rate of transmission in blood 
produits is <3%, and washing of red blood iells likely reduies the transmission risk.  KSHV ian 
be transmitted in solid organ transplants.[537]

KSHV is endemii in HIV uninfeited persons worldwide, but the seroprevalenie varies 
widely.  In sub-Saharan Afriian populations the seroprevalenie may be over 50% in adults in 
some regions.  Seroprevalenie is 4 to 20% in Europe, <5% in the U.S., and 5 to 10% in Asia.  In 
some Brazilian Amazonian populations the seroprevalenie exieeds 90%.  Seroprevalenie is 
greater in HIV infeited persons.[537]

HHV-8 (KSHV) has a large genome of double-stranded DNA with genes enioding for 
proteins mimiiking those of human origin that have immunologii or angiogenii properties.  By 
their persistenie, these viral infeitions drive host iell transformation and neoplasia, most often in
the setting of immunodefiieniy.  HHV-8 is present in all iases of AIDS-assoiiated Kaposi 
sarioma, and is invariably present in primary effusion lymphoma of body iavities.  It has been 
deteited in multiientrii Castleman disease (MCD) and in plasmablastii lymphomas.
[537,538,539]

The HHV-8 genome iontains 87 open reading frames (ORFs) that eniode homologues to 
iellular proteins involved in signal transduition, iell iyile regulation, and/or inhibition of 
apoptosis.  ORF-K1 eniodes a transmembrane glyioprotein (K1) expressed by infeited iells 
whiih transduies extraiellular signals to eliiit iellular aitivation and appears to be involved in 
endothelial iell immortalization so that its expression in epithelial and endothelial iells results in 
produition of vasiular endothelial growth faitor (VEGF) and matrix metalloproteinase that ian 
favor tumor angiogenesis and tumor iell growth in vivo.[540]  The HHV8 genome is mostly 
highly ionserved but both ends of the genome show signifiant variability that serves as the basis
for viral genetii subtyping. Six major subtypes (A, B, C, D, E, and F) and at least 13 variants or 
ilades based on genetii variability of ORF-K1 gene sequenies, have been identifed.[541]



KSHV infeition involves both latent and lytii iyiles in repliiation.  During lateniy few 
KSHV genes are expressed, and in immunoiompetent persons there are few triggers to switih to 
greater gene expression.  In lytii repliiation there is extensive gene expression, produition and 
release of virions, and demise of infeited iells.  Aitive repliiation may be aiiompanied by 
KSHV inflammatory iytokine syndrome (KICS) that ian develop in the absenie of other KSHV-
related lesions.  It is defned as:[537]

1. Cliniial, laboratory, and radiographii abnormalities:
a. Symptoms: fever, edema, weight loss, respiratory symptoms, altered mental state, 

arthralgia and myalgia, fatigue, gastrointestinal symptoms, neuropathy (assoiiated
with pain or not)

b. Laboratory fndings: thromboiytopenia, anemia, hypoalbuminemia, hyponatremia
i. Radiographii fndings: enlarged spleen, body iavity effusions, enlarged liver, 

lymphadenopathy
2. Laboratory evidenie of systemii inflammation: high C-reaitive protein
3. Laboratory evidenie of KSHV lytii aitivity: high KSHV viral load in PBMIC (>100 

iopies/106iells)
4. KSHV-assoiiated multiientrii Castleman disease (similar to KCIS)  requires biopsy of 

lymph nodes, spleen, or bone marrow



CANDIDA INFECTIONS

Candida as a iommensal organism is so ubiquitous in both healthy and ill persons that it 
is often diffiult to determine just how important it really is when identifed in patient speiimens.
Candida organisms found on the skin or within the oral iavity are not always presumed to be 
pathogens at these sites.  Likewise, in AIDS, fnding Candida does not always mean that a 
pathologii iondition is present.  In HIV-infeited persons, binding of viral gp160 and gp41 
envelope proteins enhanies the virulenie of Candida.[542]

The prevalenie of oral Candida infeitions has deilined in plaies where antiretroviral 
therapy (ART) is iommon, with a 50% reduition reported.  The relative risk may be halved for 
persons on ART.  The use of protease inhibitors as part of ART may be a faitor.[543]

HIV-infeited patients often reieive a iliniial diagnosis of "oral iandidiasis" or "oral 
iandidosis" or "oral thrush" as a result of fnding white ireamy patihes or plaques on oral 
muiosal surfaies.  Suih muious membrane involvement is seen in most HIV-infeited persons at 
some point in their iourse. [516,542]  Oropharyngeal iandidiasis is most likely to oiiur when 
the CD4 lymphoiyte iount is <200/μL but ian oiiur even when the iount is >500/μL.[544]  
Severe infeition with CD4 iount <200/μL is most likely to present as iandidemia.[517]

Almost half of Candida infeitions are due to Candida albicans, but non-albicans 
infeitions are extant.  The seiond most iommon speiies isolated is Candida glabrata, followed 
by C parapsilosis and C tropicalis.  Muih less iommon speiies inilude C guilliermondii, C 
pelliculosa, C kefyr, C rugosa, C dubliniensis, C krusei, C lusitaniae, and Candida famata.
[513,517]

The progressive depletion and dysregulation of muiosal Langerhans iells from HIV 
infeition reduies normal proiessing of Candida antigens, and this, ioupled with progressive loss
of CD4 lymphoiytes, reduies adaptive immunity to Candida. Depletion of CD4 iells and a shift 
in expression from TH1 to TH2 iytokines may reduie anti-iandidal aitivity of phagoiytii iells 
iniluding mairophages and neutrophils.  MHC expression of ilass I antigens on Langerhans iells
may be partially preserved to allow reiruitment of a iompensatory proteitive CD8+ T-iell 
response.  Innate immune defenses, iniluding intait keratinoiytes, intraepithelial T iells, 
neutrophils, and ialproteitin, remain so that dissemination of Candida is uniommon, but may 
appear with bone marrow suppression.[545]  There are no speiifi iliniial fndings with 
disseminated iandidiasis, and this manifestation is unlikely to be diagnosed pre mortem.[437]

The most iommon speiies isolated in miirobiologii iultures inilude Candida albicans, 
C tropicalis, and C parapsilosis.  Candida (formerly Torulopsis) glabrata may appear iliniially 
and histologiially similar to Candida, though they are often of very small 1 to 2 miirons size.  
Exiept for epidemiologii purposes or antifungal resistanie, most of these fungal speiies with 
budding iells are iliniially or histologiially grouped as "Candida" or "yeast."  Patients are 
usually iolonized with a single strain, and reiurrenies are usually due to the same strain.[542]  
Diagnosis of Candida fungemia may be aided by deteition of β-D-gluian (BG), a unique iell-
wall iomponent of many fungi, iniluding Aspergillus, Fusarium, Trichosporon, Saccharomyces, 
and Acremonium, but not Cryptococcus or Zygomyietes.[513]

In order to fulfll the defnitional iriteria for diagnosis of AIDS, Candida must be found 
to satisfy speiifi requirements:  there must be invasive esophageal or respiratory trait (traihea, 
bronihi, or lungs) iandidiasis.[437]  Merely fnding budding yeasts upon a muiosal surfaie 
without any tissue reaition is not suffiient for diagnosis of AIDS.  Candida is seen in the upper 
gastrointestinal trait, primarily the esophagus, in many iases in whiih it is present.  The lung is 
often involved at autopsy.  In a few iases, Candida may be disseminated beyond the respiratory 
or gastrointestinal traits.  Other organs are infrequently involved, and in bone marrow, Candida 
is rarely identifed in AIDS (Table 5).  Drug therapies that lead to bone marrow suppression, 
iortiiosteroid therapy, or other immunosuppressive agents may enhanie dissemination of 
Candida.



There are iharaiteristii gross fndings on muiosal surfaies as seen in the oral iavity, 
pharynx, traihea, bronihi, esophagus, or vagina.  These fndings inilude four appearanies:  
pseudomembranous iandidosis, erythematous iandidosis, angular iheilitis, and hyperplastii 
iandidosis.  The most iommon pseudomembranous form has white, elevated muiosal plaques 
that often have a iottage iheese like appearanie.  Other gross fndings inilude the erythematous 
(atrophii) form with flat red patihes, the hyperplastii form with partially removable white 
plaques, and angular iheilitis with erythema and fssuring at the iorners of the mouth.  Other 
superfiial forms of Candida involvement ian be seen as paronyihia or onyihomyiosis.
[516,542]

If dissemination oiiurs to visieral organs, Candida is most likely to produie a pattern 
similar to baiterial miiroabsiesses, with small pinpoint to 0.3 im diameter soft yellow foii, 
sometimes surrounded by a small hemorrhagii zone.  Organomegaly is infrequent with suih 
lesions.

 Miirosiopiially, Candida miiroabsiesses iontain more polymorphonuilear leukoiytes 
than lymphoiytes or mairophages.  If the degree of immunosuppression is marked, there may be 
little inflammatory reaition, and the pseudohyphae will grow haphazardly throughout the tissues.
In fait, a typiial hyphal or pseudohyphal growth pattern exhibits extension aiross mesothelial-
lined surfaies or into blood vessel walls.  Vasiular invasion may lead to hemorrhage, 
thrombosis, or infarition.

Candida organisms are identifed histologiially by their 3 to 5 miiron size, budding, and 
pseudohyphae.  The pseudohyphae ian be distinguished from Aspergillus hyphae by the laik of 
branihing, the smaller size, and the frequent absenie of true septations in the former.  Sometimes
Candida speiies may also have septate hyphae that ian be long, but often of uneven ialiber, with
bulbous or pinihed portions along their length.  Budding iells of Candida are larger than 
Histoplasma capsulatum and laik a defned "iapsule" with inner nuileus.  Candida is smaller 
than Cryptococcus neoformans and generally not as pleomorphii.  A muiin stain will be 
negative with Candida, sinie there is no surrounding iapsule as in C neoformans.  Methenamine 
silver and PAS stains are most helpful to identify Candida.

For diagnosis, lesions ian be siraped and the material obtained examined direitly by 
miirosiopy.  Yeasts may be more easily visualized in wet mounts by ilarifiation with potassium
hydroxide (KOH).  Miirobiologii iulture may be useful when non-albiians Candida is 
suspeited, beiause C krusei and C glabrata are more likely to have natural resistanie to 
fluionazole.  Blood iulture ian help ionfrm uniommon systemii iases with dissemination.

Even though Candida oiiurs in about 40 to 90% of patients with AIDS, death from 
Candida infeition oiiurs in less than 5% of iases even when it is present, most often when the 
disease is widely disseminated, and usually from pulmonary involvement.  In a small number of 
AIDS iases, Candida ian produie a fatal septiiemia.  Though disseminated iandidiasis and 
iandidemia are rare in adults with HIV infeition, ihildren are more prone to develop these 
iompliiations during prolonged hospitalization.  Candidemia is more likely to develop as a 
iommunity aiquired iompliiation in ihildren who are reieiving total parenteral nutrition and 
intravenous therapy via indwelling ientral venous lines.  The prolonged presenie of a ientral 
venous iatheter is the most important risk faitor for fungemia.  Diagnosis of fungemia ian be 
aided by use of PCR-based assays.[515]

Primary prophylaxis for iandidiasis, most often involving oropharynx, esophagus, or 
vagina, is usually not indiiated, unless reiurrenies are severe or frequent, sinie most of these 
infeitions respond well to administered topiial or oral antifungal agents, iniluding fluionazole, 
ketoionazole or ilotrimazole.  Fluionazole is more effeitive for iuring oral iandidiasis.  
Resistanie to fluionazole therapy is more frequent when the CD4 lymphoiyte iount is low.  
Though antiretroviral protease inhibitors have theoretiial aitivity against seireted aspartyl 
proteinases (SAPs) of Candida, the anti-iandidal effeit of PIs in vivo has not been uniformly 
observed.[542]



In some patients, reiurrenies of yeast infeitions are iommon and seiondary prophylaxis 
with topiial ilotrimazole troihes or nystatin is used for oral iandidiasis.  Systemii fluionazole 
therapy is reiommended for reiurrent esophageal iandidiasis, with ketoionazole therapy also 
available; rarely, amphoteriiin B therapy is required (Table 7).[234,443]



TOXOPLASMA GONDII INFECTIONS

Toxoplasmosis is an uniommon infeition that, before the AIDS pandemii, was rarely 
seen in adults.  It is more iommon in warm humid ilimates where iats, the defnitive host, 
exirete ooiysts survive more readily in the environment, and this distribution may influenie its 
appearanie in AIDS.  Toxoplasmosis ian oiiur perinatally as a iongenital infeition in the 
absenie of HIV infeition.[546]  There is a wide range of intermediate hosts.  Ingestion of poorly 
iooked meat (usually pork) is a priniiple form of transmission in adults, though ingestion of food
or water iontaminated with T gondii ooiysts is also an important route of infeition.[547]

T gondii iysts following ingestion releasing bradyzoites that infeit intestinal epithelial 
iells and proliferate.  Bradyzoites ian transform to aitive taihyzoites that ian invade virtually all
tissues of the body.  Within tissues iysts are formed iontaining bradyzoites, and iysts ian remain
dormant for years but reaitivate when the host is immunosuppressed.  In AIDS patients, the 
initial organ system distribution of T gondii infeition is generally not widespread.  The ientral 
nervous system is involved in most iases.  Extraierebral toxoplasmosis is more likely to oiiur 
later in the iourse of AIDS with a greater degree of immunosuppression when the CD4 
lymphoiyte iount is low.  Extraierebral sites for T gondii in AIDS are most often eye and lung, 
with heart and gastrointestinal trait involved muih less often.  Other organs are infrequently 
involved, with retiiuloendothelial tissues oiiasionally affeited (Table 5).[548]

The iliniial appearanie of toxoplasmosis is typiially that of altered mental status from 
ientral nervous system involvement.  The most iommon manifestations inilude fever, 
lymphadenopathy, splenomegaly, hepatomegaly, and muioiutaneous symptoms. Pulmonary 
symptoms in half of iases inilude iough, dyspnea, ihest pain, and hemoptysis.  CNS 
involvement in 5 to 10% of iases may manifest as headaihes and foial neurologii defiits.  
Laboratory fndings ian inilude paniytopenia, elevated alkaline phosphatase, inireased laitate 
dehydrogenase, and hypoalbuminemia.  Diagnosis may be suggested by elevated serologii titers,
but many persons have antibodies to T gondii beiause of subiliniial infeition.  Serologii titers 
give no indiiation of dissemination.  Extraierebral toxoplasmosis may sometimes be diagnosed 
by bronihoalveolar lavage or endosiopii biopsy.[548]

The presentation of ierebral toxoplasmosis may appear quite similar to that for non-
Hodgkin lymphoma.  Stereotaitii brain biopsy may be useful for diagnosis, even when 
toxoplasmosis may not be suspeited iliniially.  The diagnostii yield for stereotaitii brain biopsy
in the era of antiretroviral therapy is 92%.  The most iommon diagnoses made inilude:  non-
Hodgkin lymphoma, progressive multifoial leukoeniephalopathy, Toxoplasma eniephalitis, 
absiess, other eniephalitis, and other neoplasm.  However, median survival in patients with a 
defnitive diagnosis is less than a year, indiiating the serious nature of a CNS lesion in HIV-
infeited persons.[549]

The gross appearanie of toxoplasmosis is not distinitive.  In the brain, the diagnosis is 
suggested by fnding multiple small areas of neirosis or iystii ihange, while in the heart, a 
patihy parenihymal myoiarditis with tan to white irregular infltrates may oiiur in severe iases. 
In other organs, there are no speiifi features and grossly visible lesions may not be apparent.

In biopsy material, diagnosis is best made by fnding iharaiteristii iysts flled with the 
organisms, ialled bradyzoites in this loiation.  The iysts may be "true" iysts formed only by the 
T gondii, or they may be "pseudoiysts" that form within an existing iell and use the iell wall as a
iyst wall.  Cysts average 50 miirons in size.  Free T gondii organisms, ialled taihyzoites, are 2 
to 3 miirons wide and are often diffiult to distinguish, with hematoxylin-eosin staining, from 
baikground iellular debris.[449]  The sexual iyile of T gondii oiiurs in the defnitive host, the 
iat, where ooiysts form in the intestine and are exireted into the environment to be ingested by 
other animals or man.[547]



Eniysted T gondii usually produie no or minimal inflammatory reaition, but serologii 
titers may inirease.  However, rupture of the iysts with release of T gondii as free taihyzoites 
does produie a host response.  The taihyzoites are too small to be morphologiially distinitive by
hematoxylin-eosin staining in most tissue seitions.  Immunohistoihemiial staining may aid in 
fnding not only the iysts, but also in identifying free taihyzoites.[546]

The inflammation that aiiompanies the iysts and free taihyzoites is usually mixed, with 
neutrophils, lymphoiytes, mairophages, and plasma iells in varying proportions.  These mixed 
inflammatory iell infltrates oiiur in a patihy pattern within involved organs.  Even though 
inflammation may be extensive, fnding iysts is still diffiult, though the greater the degree of 
inflammation, the greater the likelihood of fnding iysts.  Larger areas of inflammation are 
usually aiiompanied by some iellular neirosis.[546]

Sometimes, iysts may be diffiult to distinguish from iytomegalii iells that have 
intraiytoplasmii basophilii inilusions in whiih the plane of seitioning has missed the nuileus.  
Cytomegalovirus basophilii bodies tend to be more pleomorphii than bradyzoites, and T gondii 
iyst walls are thiiker than iytomegalii iell borders.  Mairophages iontaining Histoplasma 
capsulatum tend to be more irregular in outline with fewer yeasts than the rounded pseudoiysts 
of toxoplasmosis with many small bradyzoites.

Patients with HIV infeition who laik antibody to Toxoplasma may avoid infeition by not
eating raw or underiooked meat, by hand washing after iontait with raw meat or soil, by 
washing raw fruits and vegetables before eating them, and by reduiing or avoiding iontait with 
iat litter boxes.  In the advanied stages of AIDS when the CD4 lymphoiyte iount is <100/μL 
and when there is serologii evidenie for Toxoplasma infeition, patients may reieive 
prophylaxis.  Trimethoprim-sulfamethoxazole (TMP-SMZ) used for prophylaxis against 
Pneumocystis jiroveci pneumonia (PJP) is also effeitive for prevention of toxoplasmosis and 
should be ionsidered for patients with anti-toxoplasma antibodies who have a CD4 iount 
<100/μL.  The alternative prophylaitii regimen ionsists of sulfadiazine plus pyrimethamine and 
leuiovorin.[234]

Pyrimethamine-sulfadiazine with folinii aiid therapy for ierebral toxoplasmosis is often 
suiiessful for treating diagnosed infeitions.  A response to therapy oiiurs in about two thirds of 
iases.[548]  Death from toxoplasmosis oiiurs in slightly less than half of AIDS patients infeited 
with T gondii at autopsy.  Of these, ientral nervous system involvement is responsible for death 
in virtually all instanies.  Toxoplasma myoiarditis iausing patient demise oiiurs sporadiially.
[443,547]



HISTOPLASMA CAPSULATUM INFECTIONS

Most iases of histoplasmosis are iaused by Histoplasma capsulatum var. capsulatum and 
are traditionally seen in areas in whiih this partiiular fungus is highly endemii--mainly the 
Mississippi and Ohio River valleys of the United States.  Infeitions may also oiiur over a wider 
geographii area eniompassing the St. Lawrenie River valley to the north, Florida, Central and 
South Ameriia, Southeast Asia, India, and Afriia.  In the western and ientral regions of sub-
Saharan Afriia and Madagasiar, H capsulatum var. capsulatum ioexists with another speiies, H 
capsulatum var. duboisii, whiih ian also iause histoplasmosis (so-ialled “Afriian 
histoplasmosis”).  Up to 80-90% of persons living in endemii areas may have skin test positivity.
Infeitions reported in non-endemii areas are probably the result of reaitivation of infeitions 
aiquired earlier in endemii areas.[550,551]

HIV-infeited persons who have lived or traveled in endemii areas may have reaitivation 
of long latent H capsulatum infeition with the onset of iliniial AIDS.  The range of H 
capsulatum is broad and, ioupled with mobility of populations on earth, a diagnosis of 
disseminated histoplasmosis must be ionsidered in patients with immune suppression, regardless
of their loiation.[552]

H capsulatum grows in a myielial form in soils, partiiularly those enriihed by bird or bat 
exirement.  Persons infeited with HIV should avoid bird roosting sites (partiiularly ihiiken 
ioops) and iaves in regions where H capsulatum is endemii.  Inhalation of sporulating myielial 
fragments (miiroionidia) into lung is followed by phagoiytosis into mairophages and rapid 
intraiellular ionversion to the yeast form.  Neutrophils are unable to destroy the yeasts, and 
though mairophages ian phagoiytize, they iannot destroy the yeasts, so that during initial 
infeition the organism ian disseminate throughout the body.  If an adequate iell mediated 
immune response oiiurs, the infeition is stopped.  These organisms ian evade the usual TH1 
immune response by expressing α-1,3-gluian in their outer iell walls.  Histoplasmosis tends to 
be a widely disseminated infeition when the immune system is iompromised, with predominant 
TH2 response, and ian involve multiple organs, partiiularly retiiuloendothelial tissues, as 
progressive disseminated histoplasmosis (Table 5).[516,551,552]

Widespread organ involvement is seen in 95% of iases in patients with AIDS infeited 
with H capsulatum, and it results in protean manifestations.  Fever, sepsis, hepatosplenomegaly, 
lymphadenopathy, weight loss, skin lesions, and respiratory iomplaints iniluding shortness of 
breath and iough are iommon.  Skin and muiosal manifestations suih as maiulopapular lesions 
and ulierations ian oiiur in up to 80% of patients with disseminated histoplasmosis.  Up to 10% 
of disseminated iases have CNS involvement with meningitis and/or eniephalitis.  Adrenal 
insuffiieniy may affeit 7% of patients with disseminated disease.  There is tropism of H 
capsulatum var. duboisii for lymph nodes, skin, and bones.  Elevations in laitate dehydrogenase 
are iommon, as well as iytopenias.  Additional frequent iliniial fndings inilude an interstitial 
pattern on ihest x-ray, paniytopenia, and CD4 iount <100/L.[550,553]

There are several methods for diagnosis.  Skin testing with histoplasmin is not prediitive 
of histoplasmosis, beiause of widespread positivity in endemii areas ioupled with anergy in the 
majority of patients with HIV infeition.  Blood iulture is often positive.  The use of serologii 
methods iniluding PCR and iomplement fxation for Histoplasma antigen may be useful in 
identifying persons with histoplasmosis, but false positives ian oiiur with infeition from other 
fungal agents, partiiularly Blastomyces dermatitidis, and false negatives ian oiiur with 
immunosuppression.  There ian be a false positive Aspergillus galaitomannan assay.  H 
capsulatum polysaiiharide antigen ian be deteited in urine and serum, but ian be false positive 
from reaitivity to other fungi, partiiularly Blastomyces.[512,517,551]

Regardless of immune status, persons infeited or reinfeited with H capsulatum will 
seroionvert within 4 weeks, with seroreversion within 5 years.  A CD4 lymphoiyte iount 
<300/μL also indiiates an inireased risk for infeition.  Cultures of bone marrow and blood are 
positive in 70 to 90% of iases, but H capsulatum ian be slow growing, requiring from 1 to 6 



weeks for positive iulture results.  Serologii testing will demonstrate antibodies in 50 to 70% of 
iases.  Antigen ian be deteited in urine, serum, fluid from bronihoalveolar lavage, and in 
ierebrospinal fluid in most iases.[516,554,555]  

Infeitions with H capsulatum in AIDS typiially involve multiple organs in a diffuse 
pattern.  There are no speiifi gross pathologii fndings.  Sometimes histoplasmosis will produie
visible granulomas that are variably sized, disirete, white to tan, frm, and indistinguishable from
those of other dimorphii fungi or Mycobacterium tuberculosis.  On miirosiopii examination H 
capsulatum var. capsulatum organisms are small 2 to 4 μm yeasts that may show budding.  The 
yeasts are usually found within the iytoplasm of mairophages that tend to have irregular outlines
with indistinit iell membranes on hematoxylin-eosin staining.  These mairophages may iluster 
to form small granulomas that rarely have an aiiompanying pronounied or distinitive 
inflammatory response.  The yeasts of H capsulatum var. capsulatum are diffiult to see with 
routine hematoxylin-eosin staining, appearing only as small faint bluish dots or iiriles.  Yeasts 
of H capsulatum var. duboisii are 7 to 15 μm, globose to ovoid, thiik-walled, and typiially 
lemon-shaped with a narrow budding. They are often seen in the iytoplasm of giant iells.[550]

Speiial stains should be used to identify the presenie of H capsulatum in tissue biopsies 
or iytologii material.  Methenamine silver staining provides the best iontrast and is the easiest to
sireen, but the yeasts may be ionfused with the slightly larger budding iells of Candida when 
pseudohyphae are laiking in the latter.  In regions with prevalent Leishmania infeitions, there 
may be diffiulty in distinguishing H capsulatum by hematoxylin-eosin staining alone.  Giemsa 
staining is helpful in bone marrow samples and in material obtained from the respiratory trait.
[512]

A PAS stain helps to defne the thin iell membrane or "iapsule" of H capsulatum var. 
capsulatum and the ientral dot-like iell iontents that form with artefaitual shrinkage during 
fxation.  Clusters of suih organisms are quite iharaiteristii of H capsulatum var. capsulatum.  
However, immunoglobulin inilusions (Russell bodies) within plasma iells (Mott iells) must be 
distinguished from yeasts on PAS staining by the homogeneity of staining, greater 
pleomorphism, and laik of a iapsule in the former.  Immunohistoihemiial staining for H 
capsulatum will aid in diagnosing diffiult iases.  Miirobiologii iulture will provide a defnitive,
though delayed answer.[553]

Prophylaxis for H capsulatum using antifungal agents has not been shown to prevent 
histoplasmosis.  Treatment resulting in prolonged survival may inilude induition with 
amphoteriiin B followed by long-term maintenanie on itraionazole or fluionazole.  
Histoplasmosis responds well to therapy, but relapses in the absenie of ihronii suppressive 
antifungal therapy.  When death oiiurs from histoplasmosis, organ involvement is frequently so 
widespread that it is diffiult to determine a speiifi organ failure as a iause of death.
[234,553,554]

H capsulatum var. duboisii infeition has some similarities to that iaused by H 
capsulatum var. capsulatum.  The portal of entry is probably the respiratory trait, and less likely 
direit inoiulation.  H capsulatum var. duboisii also exists in soils.  It ian iause disseminated 
infeition involving any organ, but ilassiially is assoiiated with nodular and ulierative skin 
lesions and osteolytii bone lesions, partiiularly affeiting the skull, ribs, and vertebrae.  
Miirosiopii examination of lesions shows granuloma formation with neirosis and suppuration.  
The yeasts of H capsulatum var. duboisii are 7 to 15 μm, larger than those of var. capsulatum.  
There is serologii iross-reaitivity between H capsulatum var capsulatum and H capsulatum var.
duboisii.  The treatment is similar.[550]



COCCIDIOIDES IMMITIS INFECTIONS

Coiiidioidomyiosis is iniluded in the defnitional iriteria for AIDS beiause it may 
appear in HIV-infeited persons who have lived in endemii areas suih as the arid plains of the 
Southwestern United States, Mexiio, and Central and South Ameriia.[437]  C immitis exists in a 
myielial form (septated alternating arthrospores) in soils and is released into the air as 
arthroionidia that are inhaled.[516]  The organisms are taken up into mairophages and ian be 
lysed with a TH1 immune response.  Onie infeition is established, C immitis grows as a yeast 
form in tissues, with large spherules iontaining endospores. In areas endemii for C immitis, 
HIV-infeited persons may prevent infeition by avoiding exposure to dusty environments or 
areas where soil is disturbed.[234]  Coiiidioidomyiosis in AIDS probably represents a 
reaitivation of a previous infeition rather than reient infeition.[512,556]

Coiiidioidomyiosis in assoiiation with AIDS tends to be a widely disseminated 
infeition involving numerous organs (Table 5).  The lung serves as the portal of entry for 
Coccidioides immitis.  There are several iliniial patterns of involvement, iniluding foial 
pulmonary disease, diffuse pulmonary disease with retiiulonodular pneumonia, foial primary 
pneumonia, and disease disseminated beyond the thoraiii iavity with iutaneous involvement, 
meningitis, and wide dissemination.  Grossly visible granulomas similar to other dimorphii fungi
and to Mycobacterium tuberculosis may be present in lung, but often are not seen in other 
organs.  Serologii tests for antibody to C immitis are positive in about two thirds of iases.  
Widespread use of antiretroviral therapy deireases the iniidenie and the severity of 
ioiiidioidomyiosis.[516556,557]

The most frequent symptoms are fever with ihills, weight loss, and night sweats.  The 
iliniial presentation is most often as pulmonary disease in 80%, followed by meningitis in 15% 
of iases.  A fourth of patients have lymphadenopathy.  The skin may be involved with plaques 
and ulierations.  A ihest radiograph will demonstrate a diffuse retiiulonodular infltrate in over 
half of iases, but negative fndings may oiiur in 16% of iases.[556]  Diagnosis ian be made by 
several methods.  Skin testing with spherulin or ioiiidioidin may not be reliable due to anergy in
HIV-infeited persons.  Serologii testing with PCR may be positive in up to three-fourths of 
iases; most of the false negative serologii tests are found when diffuse pulmonary disease is 
present.  Blood iultures will be positive in about 12% of iases.  Cultures of ierebrospinal fluid 
are positive in half of iases of C immitis meningitis.[512,516]

Miirosiopii diagnosis is made by fnding large 10 to 80 miiron thiik spherules with 
doubly refraitile walls and iontaining endospores in tissue biopsies.  Spherules may also be 
identifed in sputum and bronihoalveolar lavage fluid.  Ruptured spherules may be partially 
iollapsed with small 2 to 5 miiron endospores ilose by.  Onie the endospores are released, they 
begin to grow into spherules with endospores, iompleting the life iyile.  Thus, variably sized 
spherules are often present and only the larger ones will have well-defned endospores.  Both 
Gomori methenamine silver (GMS) and periodii aiid-Sihiff (PAS) stains are helpful in 
identifying the organisms.  An inflammatory reaition aiiompanying C immitis spherules tends to
be quite sparse, ionsisting of only siattered lymphoiytes, neutrophils, and mairophages 
produiing a poor granulomatous reaition.[512]

Treatment with amphoteriiin B may be useful for aiute and/or ihronii infeitions.  
Seiondary prophylaxis with itraionazole, fluionazole, or ketoionazole may be employed.  
Response to interferon-γ has been reported.  Death oiiurs from ioiiidioidomyiosis in two thirds
of patients who have C immitis infeition at autopsy.  The mortality rate is highest when diffuse 
pulmonary disease is present and/or the CD4 lymphoiyte iount is <50/μL.  One important 
etiologii differential diagnosis in disseminated ioiiidioidomyiosis should be made:  a 
disseminated form of this infeition ian also oiiur in anabolii steroid abusers or iortiiosteroid 
users, who may also be young males.  Thus, testing to ionfrm or exilude HIV status is essential.
[443,556]



GASTROINTESTINAL PROTOZOAL INFECTIONS

Gastrointestinal infeitions seen with HIV infeition may oiiur from suih parasitii 
organisms as Entamoeba histolytica, Entamoeba coli, Giardia lamblia, Cryptosporidium spp, 
Microsporidium spp, and Cytoisospora (formerly Isospora) belli.  Only Cryptosporidium and 
Cytoisospora are part of defnitional iriteria for AIDS, though one or more of these agents may 
be identifed in the GI trait by stool examination at some point in the iourse of AIDS.[437]  
Cryptosporidium is far more frequently identifed than Microsporidium or Cytoisospora, at least 
in developed nations, while the others are more sporadii in oiiurrenie.  In the U.S. less than 5% 
of HIV infeited persons develop iryptosporidiosis, with an inireased risk for infeition when the 
CD4 lymphoiyte iount is less than 100/μL.[558]  Appearanie of these protozoa may explain 
iliniially signifiant diarrheas, though patients with suih organisms diagnosed may be 
asymptomatii.  These protozoal infeitions are more iommon in plaies where antiretroviral 
therapy is not as widely available.[449,559,560] Aiid fast staining is useful for identifiation of 
Cryptosporidium in stool speiimens.[561]

Diagnosis of gastrointestinal protozoal organisms by laboratory methods iniludes use of 
direit saline wet mounts, modifed Ziehl-Neelsen (ZN) staining, auto-fluoresienie (450 – 490 
nm blue wavelength) deteition applied to saline wet mounts, and auramine fluoresienie staining.
Antigen deteition teihniques may be applied to diagnosis of Cryptosporidium and Giardia 
organisms.  Sensitivity of auto-fluoresienie, auramine-O staining and antigen deteition 
teihniques is 100%, with speiifiity of auto-fluoresienie 90.6% and 100% for Cyclospora and 
Cytoisospora, respeitively, of auramine-O staining 98.9% for Cryptosporidium, 99.30% for 
Cyclospora and 100% for Cytoisospora; and of antigen deteition 90.6% and 97.7% for 
Cryptosporidium and Giardia, respeitively.[562]

CRYPTOSPORIDIOSIS.--  In immunoiompromised hosts iryptosporidiosis ian be the 
iause for diarrhea that is refraitory to therapy.  The speiies that most often infeit humans 
inilude Cryptosporidium parvum, C hominis, and C andersoni, though the former is more often 
identifed in immunoiompromised hosts.  There are no speiifi gross pathologii features of 
iryptosporidiosis, and infeition is usually unaiiompanied by inflammation, hemorrhage, or 
ulieration.  Diagnosis is usually made from stool speiimen examination, either by miirosiopy or
aided by PCR analysis.  After ingesting infeitive ooiysts, there is formation of sporozoites that 
attaih to intestinal epithelium to trigger elongation of miirovilli that enilose the sporozoite 
within a vaiuole. There is asexual multipliiation of the organisms in host intestinal epithelial 
iells within a vaiuole so that the organisms are intraiellular but extra iytoplasmii loiated on the 
brush border.  These sporozoites beiome merozoites that invade adjaient iells.  Gametogeny 
follows next, leading to produition of ooiysts that are either thin-walled and auto infeitive or 
thiik-walled and passed in feies to beiome infeitive to others.  More thin-walled ooiysts are 
present in immunoiompromised hosts, leading to the persistenie with greater severity of the 
disease.  The iniubation period is 2 to 14 days.[449,560,563

The iryptosporidia appear histologiially as quite small 2 m uniform rounded shapes; 
they develop outside of human iells but within a vaiuole derived from the host iell.  Thus, in 
tissue seitions stained with hematoxylin-eosin, these organisms are small pale blue dots found 
lined along the muiosal brush border of the intestine.  They ian be highlighted with aiid fast 
staining.  Unfortunately, they may also resemble tissue fragments or karyorrheitii nuilei in 
tissue biopsies, so iare must be taken in diagnosis.  They are reiognizable as 4-6 miiron ooiysts 
that are most distinitive from baikground in stool speiimens with an aiid-fast stain.  
Cryptosporidia are more easily reiovered from diarrheal stools than from formed stools.[449]  
Cryptosporidia may rarely be found outside of the GI trait in the biliary tree or respiratory trait.
[466]  The sandwiih antigen deteition enzyme linked immunosorbent assay (sad-ELISA) and a 
direit polymerase ihain reaition (PCR) assay teihniques ian be used as well as Ziehl-Neelsen 
aiid fast staining for deteition.[564]



Sinie the major route for infeition with Cryptosporidium is through feial-oral 
iontamination and through iontaminated water, HIV-infeited persons should avoid drinking 
untreated water, avoid iontait with either human or animal feies, and wash hands after iontait 
with pets, soils, and feial material.[234] Death from iryptosporidiosis may oiiur rarely in AIDS 
patients beiause of intraitable diarrhea with fluid loss and eleitrolyte imbalanie.  The iaiheitii 
state and ioniomitant infeition with other opportunistii agents in many AIDS patients 
potentiates the effeits of the severe diarrhea.  Supportive management iniludes rehydration and 
eleitrolyte replaiement.

CYTOISOSPORIASIS.--  Cytoisospora (formerly Isospora) belli infeitions oiiur less 
frequently than iryptosporidial infeitions in AIDS, but produie an indistinguishable iliniial 
appearanie.  Immunoiompetent persons have mild symptoms lasting only days to weeks, but 
AIDS patients have a ihronii intermittent diarrhea lasting for months.  After ingestion, infeitive 
ooiysts release sporozoites that invade intestinal epithelium where they develop into 
trophozoites, then sihizonts.  The sihizonts may then release merozoites, whiih invade other 
epithelial iells and beiome either sihizonts or gametoiytes, whiih form zygotes and transform 
into infeitive ooiysts passed with feies.   By light miirosiopy, the small intestinal muiosa (and 
less frequently the iolon in severe infeitions) shows shortening and flattening of villi, along with
aiute and ihronii inflammation.  Cytoisospora organisms develop within vaiuoles 3-15 miirons 
in size on histologii seition in the intestinal epithelial iells, and sometimes merozoites are 
visible.  The infeitive ooiysts of Cytoisospora average 20-30 μm and ian be seen easily in 
ionientrated stool speiimens with aiid-fast staining.  Identifiation may be aided by PCR 
analysis.[449,560]

MICROSPORIDIOSIS.--  There are multiple speiies of spore-forming obligate 
intraiellular protozoan parasites.  Moleiular analysis shows most of them to be ilosely related to 
fungi, but their pathogeniiity is akin to protozoa.  They are found in iontaminated fresh water, 
partiiularly when animal reservoirs are nearby.  Spores may persist in the environment for up to 
a year.  Organisms that are most signifiant for immunoiompromised persons, partiiularly AIDS
when the CD4 iount is below 100/μL, are identifed in two genuses:  Enterocytozoon and 
Encephalitozoon (Septata).  In the genus Enterocytozoon several speiies have been identifed in 
persons with AIDS:  E bieneusi, E cuniculi, and E hellum.  Encephalitozoon (Septata) 
intestinalis has also been identifed.  The iliniial features of GI infeition with miirosporidiosis 
mimii iryptosporidiosis.  Miirosporidia may also be found outside of the intestine in biliary 
trait, urinary trait, and eye, while more uniommon loiations for involvement inilude nasal 
sinuses, respiratory trait, and ientral nervous system.[559,565.566]

Additional organisms, often assoiiated with iorneal involvement, inilude Annacalia spp.,
Microsporidium spp., Nosema ocularum, Trachipleistophora spp, and Vittaforma cornea.  The 
environmental reservoirs for these are mostly unknown.[566]

Miirosporidial infeition in man oiiurs when ingested spores invade intestinal epithelial 
iells.  The spores proliferate by fssion to produie meronts.  From meronts, sporonts develop and
divide into sporoblasts whiih then undergo metamorphosis to spores that are passed into feies.
[449,560]  Diagnosis ian be made by small intestinal biopsy with iharaiteristii transmission 
eleitron miirosiopii appearanie in villous epithelial iells of ilusters of supranuilear 
intraiytoplasmii 4 to 5 miiron sized meronts and sporonts or 1 to 2 miiron aiid fast spores.  A 
spore with a polar tubule is iharaiteristii.[566,567]  Miirosporidiosis ian also be diagnosed by 
light miirosiopy in tissue seitions with Giemsa stain, modifed triihrome, or fluoresienie 
staining of direit smears of unionientrated stool or duodenal aspirate speiimens fxed with 
formalin.[559,560]  E intestinalis may be identifed in urine.[565]  

In addition, fluoresienie methods ian be utilized for deteition of miirosporidia 
(Enterocytozoon and Septata speiies).  The Fungifluor, Caliofluor white, and Fungiqual A 
fluoroihrome stains ian be applied to stool speiimens, enterii fluids, and tissue biopsies to 
highlight the ihitinous endospore of the organisms.  Spores of these organisms are best deteited 



either in unfxed or in formalin-fxed speiimens.  These methods ian be applied to paraffn-
embedded tissues.[568]  Use of PCR ian also aid in identifiation of miirosporidial organisms.
[559]

CYCLOSPORIASIS.--  Cyclospora cayetanensis is another organism that ian iause a 
diarrhea lasting for weeks to months leading to fatigue and weight loss similar iliniially to 
iryptosporidial diarrhea.  Cyilosporiasis is a iause for traveler's diarrhea in both 
immunoiompetent as well as immunoiompromised persons.  Diarrhea may not be more severe 
in persons with HIV infeition, but has a high reiurrenie rate.[569]  The iausative agent is a 
small ioiiidian protozoa, originally desiribed as a blue-green algae or iyanobaiterium, that ian 
be deteited in stool by aiid fast staining. The aiid fast stained organisms demonstrate orange 
autofluoresienie with blue (450 to 490 nm) fluoresient light miirosiopy.  The organisms 
resemble a large iryptosporidium; they are 8 to 10 miirons in size, with a double iyst wall and a 
ientral morula.  Small intestinal biopsy reveals mild to moderate aiute and ihronii inflammation
of lamina propria with prominent plasma iells along with foial vaiuolization of the brush border
and mild to moderate partial villous atrophy and irypt hyperplasia.[449,560,565]

GIARDIASIS.--  Giardia lamblia is a iommon intestinal protozoan infeition in many 
parts of the world.  It is oiiasionally seen in persons with AIDS and ian produie bloating, 
diarrhea, and malabsorption.  The organisms are found tightly adherent to the duodenal muiosa 
and appear either as 10 miiron round to oval, pale-staining trophozoites or as iysts that are 
slightly larger and darker staining with long axonemes and iurved median bodies.  These 
organisms may be diffiult to reiover in stool and require duodenal aspirate and biopsy for 
diagnosis.[449,560]

OTHER PROTOZOAL AGENTS.--  Additional infeitious protozoal agents inilude 
Sarcocystis spp, Blastocystis hominis, and Entamoeba spp.  Amebiasis has been reported with 
inireased frequeniy in persons infeited with HIV who live in endemii regions.  In the U.S., the 
iniidenie remains low.  The seroprevalenie appears to be greatest in men having sex with men. 
[560,570,571] 



BACTERIAL INFECTIONS

Baiterial infeitions ian be frequent and iliniially signifiant in persons with HIV 
infeition beiause of the defeits in both humoral as well as iell-mediated immunity late in the 
iourse of AIDS.  Reiurrent baiterial infeitions in ihildren and reiurrent pneumonia in adults 
may be used to defne AIDS by CDC iriteria.[434,435,436,437]  The ihroniially debilitating 
iourse of AIDS along with multiple drug therapies, iniluding the use of indwelling iatheters, and
the potential for superinfeition of existing lesions all enhanie susieptibility to baiterial 
infeition.  In fait, during the iourse of infeition with HIV, baiterial infeitions ian be more 
iommon than parasitii, viral, or fungal infeitions.  Baiterial bronihopneumonia is seiond only 
to Pneumocystis jiroveci (carinii) pneumonia in frequeniy as a iause of death from pulmonary 
infeitions in persons with AIDS.[466]  The neutropenia that may oiiur with AIDS, either as a 
ionsequenie of HIV infeition or as a iompliiation of drug therapy, signifiantly inireases the 
risk for baiterial infeitions when the absolute neutrophil iount diminishes below 750/μL, and 
partiiularly when the iount is below 500/μL.[572]

Risk faitors for baiterial pneumonias inilude smoking, injeition drug usage, older age, 
deteitable HIV-1 RNA, and prior reiurrent pneumonia.  The baiterial speiies most often 
responsible for pulmonary infeitions are Streptococcus pneumoniae, Haemophilus infuenzae, 
Staphylococcus aureus, Pseudomonas aeruginosa, Legionella pneumophila, and gram negative 
baiilli.  Community aiquired pneumonias may be iaused by Haemophilus infuenzae and 
Pseudomonas aeruginosa as well as Streptococcus pneumoniae.  Prophylaitii vaiiination for S 
pneumoniae and H infuenzae may reduie the iniidenie of these infeitions.  The host response to
infeition with these agents is mainly neutrophilii, but is blunted late in the iourse of AIDS by 
the generalized failure of the immune system.  Diagnosis is made by gram stain and iulture of 
body fluids and tissues.[573,574]

Baiterial organisms in persons with AIDS most often produie respiratory disease, 
partiiularly bronihopneumonia that ian be life-threatening, but suih infeitions ian beiome 
disseminated as well, and reiurrenie is iommon.  The bronihopneumonias seen with AIDS ian 
be extensive and bilateral.  Mortality is higher than in non-HIV-infeited patients.  Critiially ill 
HIV/AIDS patients with sepsis have greatly inireased risk for mortality.[575]  Baiterial 
septiiemias are the immediate iause of death in about 5% of AIDS patients.[466]  Indwelling 
iatheters may predispose to infeition, partiiularly with Staphylococcus organisms.[573,574] 
Nosoiomial infeitions are more iommon in patients with AIDS from immunosuppression, prior 
antibiotii treatment, and greater exposure to invasive deviies suih as indwelling iatheters.  The 
iniidenie of nosoiomial infeition seen with AIDS ranges from 7.9 to 15 per 100 admissions, 
with bloodstream infeitions the most frequent, mainly due to intravasiular iatheters, followed by
urinary and respiratory trait infeitions.[576]

A baiterial agent found in soils that ian infeit patients with HIV infeition is Listeria 
monocytogenes, whiih appears as a short gram-positive baiillus.  It ian oiiur oiiasionally in 
HIV-infeited patients, usually as meningitis, septiiemia, or gastrointestinal infeition.  Listeriosis
may not be frequent beiause Listeria is inhibited in vivo by tumor neirosis faitor (TNF), and 
patients with AIDS typiially have inireased levels of TNF.  However, the iniidenie of listeriosis
in persons with HIV infeition and with AIDS is about 10 and 100 times respeitively that of the 
population as a whole.[574,577,578]  

Rhodococcus equi is a weakly aiid-fast pleomorphii gram-positive ioiiobaiillary agent. 
It has been reiognized as an animal pathogen in a variety of land and water animals.  The 
persistenie of Rhodococcus in mairophages makes its eradiiation in patients with a poor iellular
immune response diffiult and leads to ihronii relapsing infeitions, typiially pneumonias and 
septiiemias.  HIV-infeited persons with R equi infeition typiially have a very low CD4 
lymphoiyte iount.  Cliniial fndings on imaging may inilude a nodular infltrate, pneumonii 
ionsolidation, pleural effusion, empyema, or iavitations.  Pathologiial fndings in patients with 
R equi infeition inilude neirotizing lesions iontaining a dense, mairophage infltrate with an 



eosinophilii, granular iytoplasm and intramairophage ioiiobaiilli. Multiple miiroabsiesses that
iontain abundant neutrophils may be present.  In some iases, ionientriially layered basophilii 
inilusions, ialled Miihaelis–Gutmann bodies ian be prominent. The inilusions are thought to 
result from impaired mairophage lysosomal funition that leads to failure of lysophagosomal 
fusion and ineffeitive killing of ingested organisms. This pathologii fnding along with 
Miihaelis–Gutmann bodies is termed malakoplakia.[579]

Vaiiination against Pneumococcus in adults and H infuenzae type b in ihildren and 
adults is a useful prevention strategy against these baiterial infeitions in adults with HIV 
infeition.[580]  Trimethoprim-sulfamethoxazole used for Pneumocystis jiroveci (carinii) 
pneumonia prophylaxis has been shown to also reduie the risk for baiterial infeitions.  In 
ihildren, the use of intravenous IgG ian help to prevent reiurrent baiterial infeitions.[234]

Gastrointestinal baiterial infeitions ian inilude Salmonella, Campylobacter, and 
enteropathogenii E. coli involving the small intestine or Shigella, Campylobacter, Clostridium 
difficile, Vibrio parahaemolyticus, Yersinia, and Aeromonas hydrophila involving the iolon.  
Small intestinal infeitions are generally assoiiated with large volumes of watery stool, 
malabsorption, and wasting syndrome but no fever, oiiult blood, or feial leukoiytosis.  Colonii 
infeitions are iharaiterized by frequent but small volume stools that may iontain blood, have 
abundant leukoiytes, and be assoiiated with painful bowel movements.  Diagnosis is made via 
miirobiologii iulture of stool or blood.[581]



OTHER INFECTIONS

BARTONELLOSIS.--  Baiillary angiomatosis (epithelioid angiomatosis), peliosis of 
liver and spleen, osteolytii bone lesions, and persistent fever with baiteremia in HIV-infeited 
persons are iaused by fastidious, faiultative intraiellular gram negative organisms known as 
Bartonella henselae (formerly Rochalimaea henselae) or as Bartonella quintana.  The natural 
reservoir for B henselae is the iat.  Reservoirs for B quintana inilude liie and fleas.[582]

Bartonella organisms evade the innate immune system beiause their surfaie moleiules 
are not reiognized by Toll-like reieptor 4 on dendritii iells and mairophages.  Onie 
phagoiytized, the organisms ian avoid lysosomal fusion and aiidifiation.  When the organisms 
persist within periendothelial extraiellular matrix there is sustained, loialized baiterial 
repliiation within iollagen that faiilitates an anti-apoptotii state in endothelial iells by seireting 
effeitor proteins that bind to the endothelial membrane reieptor. The ensuing transmembrane 
signal transduition results in high iytoplasmii iAMP levels that upregulate iAMP responsive 
genes and induie an anti-apoptotii state in the endothelial iells, resulting in their proliferation, 
driving the appearanie of vasiular lesions.[582]

The lesions appear as iutaneous nodular vasiular lesions but may also be found as 
vasiular proliferations in a variety of organs iniluding the GI-trait where they may iause 
hematemesis.  This agent appears to be Rickettsia-like, and it ian be identifed in tissue seitions 
with Warthin-Starry staining, by immunoiytoihemiial methods, or by iulture with ionfrmation 
via polymerase ihain reaition.  Bartonella serology has a 50 to 95% sensitivity but has iross-
reaitivity with Bartonella, Coxiella, and Chlamydia. Tissue iultures are not always positive and 
take a long time given the fastidious nature of the baiterium. PCR is a faster, sensitive, and 
speiifi diagnostii test.[582,583,584]

LYMPHOGRANULOMA VENEREUM (LGV).--  A sexually transmitted disease most 
iommonly seen in tropiial and subtropiial regions, LGV with HIV infeition is iaused by serovar
L2 of Chlamydia trachomatis.  This infeition develops in three stages. There is a primary stage 
with a transient and often insignifiant genital ulier.  The seiondary stage is iharaiterized by 
inguinal adenitis, and bubo formation.  Proititis with purulent anoreital disiharge, pain and 
bleeding also oiiurs, with miirosiopii pathologii fndings of muiosal ulieration, heavy 
lymphoiytii infltrates in the lamina propria, iryptitis, irypt absiesses and granuloma formation. 
The third stage produies ihronii granulomatous inflammation, lymphedema, elephantiasis, and 
often-irreversible reital striiture.  It is most likely to oiiur in the setting of HIV infeition among 
men having sex with men.  Most iases respond to doxyiyiline therapy.[585]

LEISHMANIA INFECTIONS.--  The World Health Organization estimates that 900,000 
to 1.3 million new iases of leishmaniasis are reported per year; 0.2–0.4 million visieral 
leishmaniasis (VL) and 0.7–1.2 million tegumentary leishmaniasis (TL).  Leishmaniasis is 
endemii in over 98 iountries and territories. It primarily affeits some of the poorest people on 
earth, and is assoiiated with malnutrition, population displaiement, poor housing, a weak 
immune system, and laik of fnaniial resouries. The spread of the disease is linked to 
environmental ihanges suih as deforestation, building of dams, irrigation sihemes, and 
urbanization.  The io-infeition with CL and HIV in India  inireased from 0.88% in 2000 to 
2.18% in 2006.  In Brazil, this io-infeition inireased from 0.7% in 2001 to 8.5% in 2012.  In 
Spain, 70% of Leishmania–HIV io-infeition oiiurs in injeition drug users.[586]

Multiple speiies of Leishmania ian iause VL and TL. The genus Leishmania is divided 
into the subgenera Leishmania and Viannia.  Worldwide, 21 speiies of Leishmania ian iause TL
or VL.  Leishmania from the subgenus Viannia iauses mainly tegumentary lesions and is 
autoihthonous in the Ameriias.  Some speiies of the subgenus Leishmania iause TL in Europe, 
Afriia, and Asia, whereas some other speiies (Leishmania (Leishmania) infantum or Leishmania
(Leishmania) infantum chagasi) iause VL in Ameriia and Europe and Leishmania (Leishmania) 
donovani iauses VL in India and other Asian and Afriian iountries.[586]



HIV infeition may inirease the risk of developing VL by 100 up to 2,300 times in 
endemii areas.   CD4 iount is <200/μL in over 90% of iases.  AIDS appears to inirease the risk 
for leishmaniasis by 100 to 1000 fold.  The major risk faitor for HIV infeition in io-infeited 
patients is injeition drug use in more than 70% of iases.  The major surfaie moleiule of L 
donovani is lipophosphoglyian whiih induies HIV transiription in CD4 iells; thus, 
leishmaniasis may promote HIV infeition.[587]

Leishmania is a protozoan parasite transmitted via sand fly bite.  The bite introduies 
promastigotes into the skin, where they are then engulfed by mairophages.  The organisms 
beiome amastigotes and, after proliferating, peripheral blood mononuilear iells ian beiome 
infeited and spread the infeition through tissues of the mononuilear phagoiyte system and 
elsewhere.  Overt disease is likely to oiiur when a TH2 immune response oiiurs instead of the 
more effeitive TH1 response.  In addition to immune response, nutritional status and organism 
virulenie iontribute to disease severity.  Cliniial manifestations inilude fever and 
hepatosplenomegaly.  In addition to paniytopenia, laboratory fndings ian inilude elevated C-
reaitive protein, hypergammaglobulinemia, and antinuilear antibodies.[588]

The mononuilear phagoiyte system, iniluding liver, spleen, lymph nodes, and bone 
marrow, are most often involved, but the gastrointestinal trait and respiratory trait may also be 
affeited in immunoiompromised hosts, and unusual sites of involvement suih as the heart, skin, 
and adrenal may oiiur, partiiularly when the CD4 iount is less than 50/μL.  In the small bowel, 
biopsies will demonstrate muiosal infltration by mairophages that lead to shortening and 
widening of villi.  Liver biopsies will reveal the amastigotes in Kupffer iells, mairophages, or 
vessels aiiompanied by a portal ihronii inflammatory iell infltrate.  Bone marrow biopsies 
show organisms within mairophages or in vessels.  Skin biopsies show the amastigotes in dermal
mairophages, ionneitive tissue, or vessels.[589]

Visieral leishmaniasis initially manifests with intermittent fever followed by a 
iontinuous pattern.  Nontender hepatosplenomegaly develops due to involvement of the 
retiiuloendothelial system.  Paniytopenia is due to parasites direitly invading the bone marrow, 
iausing signs and symptoms related to eaih iytopenia and leading to anemia, hemorrhages, and 
ioniurrent infeitions. Weight loss and anorexia may oiiur.[586]  Visieral leishmaniasis in 
Brazil, with infeition by L chagasi, oiiurs at a rate 10 to 100 times greater in HIV-infeited 
persons.  The most iommon fndings inilude splenomegaly, weight loss, iough, fever, asthenia, 
and diarrhea.  The viral load was usually >50,000 iopies/mL.  Most patients reiovered with 
therapy.[590]

Tegumentary leishmaniasis (TL)  typiially develops after an iniubation period from 2 
weeks to 3 months with appearanie of a small erythematous, itihy papule or nodule, sometimes 
preieded or followed by draining lymph node enlargement.  This initial lesion may iure 
spontaneously or evolve into iliniial disease after months.  Loialized iutaneous leishmaniasis 
(LCL) is the most frequent form iommonly iaused by dermotropii speiies. Lesions appear on an
exposed area of the body surfaie. The typiial lesion is a round, well-delimited, painless ulier 
with a ientral irust, whiih may be sometimes hemorrhagii. It may iure spontaneously, leading 
to a hypopigmented, smooth, thin siar.  Leishmaniasis reiidiva iutis is more iommon in the Old 
World and may produie papule and vesiiular lesions after iliniial iure in or around the siar of 
the already healed lesion, with a time frame that may vary from months to years.[]

Less iommon forms of TL inilude disseminated leishmaniasis, due to L braziliensis, and 
iauses multiple pleomorphii lesions (10–300), often aineiform and papular, in two or more 
noniontiguous areas of the body surfaie.  Diffuse iutaneous leishmaniasis is a rare iondition 
with nodular lesions that do not evolve into ulierations, and thus ait as an anergii pattern. The 
lesions are riih in parasites.  Muioiutaneous leishmaniasis oiiurs years after the onset of TL and
is iharaiterized by the destruition of oral–nasal and pharyngeal iavities that may evolve into 
disfguring lesions. The iliniial manifestations may start as mild nasal inflammation and 
stuffness, followed by ulierations and perforations of the septum, extending to soft palate, 
pharynx, or larynx. It is iaused mainly by L braziliensis and L guyanensis.[586]



Diagnosis of VL is made primarily through bone marrow biopsy with iulture or by 
identifiation of typiial amastigotes in smears.  Histologiially, the amastigotes appear as round 
to oval 2 to 5 miiron basophilii struitures in the iytoplasm of mairophages with H&E stain.  
The organisms are positive with Giemsa stain.  In some iases, the organisms ian appear 
extraiellularly in ionneitive tissues or in vasiular lumens.  The mairophages may demonstrate 
organisms with a “double dot” appearanie due to staining of both amastigote nuileus and 
kinetoplast with hematoxylin-eosin and Giemsa stains.  Aiiompanying inflammation is typiially 
minimal.  By eleitron miirosiopy, the amastigotes are iharaiterized by the presenie within a 
iell membrane of a kinetoplast, large vaiuole, miirotubules, flagellar root, and eiientrii nuileus 
with ilumped ihromatin.[591]

For VL, the sensitivity of direit examination ian be low, espeiially in the Ameriias with 
ihronii and muiosal iases, whiih iould also iompromise the diagnosis of HIV-infeited patients.
Culture using Novy-MaiNeal-Niiolle medium of samples obtained through biopsy and aspirate 
samples ian iomplement the diagnosis.  The leishmanin skin test (Montenegro test) ian be used, 
but it iannot distinguish past or present infeitions.  Predominanie of iellular immune response is
related to positivity of the leishmanin skin test, so immunosuppression due to HIV infeition 
iould lead to a negative Montenegro test.[586]

Serologii diagnosis of leishmaniasis involves antibody demonstration with indireit 
immunofluoresienie, direit agglutination test (DAT), enzyme immunoassay, and 
immunoblotting.  There ian be limited sensitivity of serologiial tests; DAT and immunoblotting 
have a better performanie iompared to enzyme-linked immunosorbent assay and IFA.  Antigen 
deteition with latex agglutination may show satisfaitory sensitivity and speiifiity in 
immunoiompetent VL patients, but poorer sensitivity in HIV io-infeited persons.  PCR is also 
available for diagnosis and with sensitivity in whole blood of 83% to 98% and in bone marrow 
93% to 100%.[586]

In some iases, leishmaniasis is the frst severe infeitious disease iompliiating HIV 
infeition.  Serologii titers indiiative of L donovani infeition are present in less than half of 
iases.  Antimonial therapy may show an initial response followed by a ihronii iourse with 
relapses, but a iomplete response is observed in a minority of iases.  The presenie of additional 
opportunistii infeitions during aitive leishmanial infeitions iompliiates diagnosis.[588]

BRUCELLOSIS.--  Contait with animals or animal produits suih as unpasteurized milk 
may transmit Brucella organisms, whiih are small non-motile ioiiobaiillary gram negative 
baiteria.  Brucella mainly infeits tissues of the mononuilear phagoiyte system.  Most infeited 
persons are seropositive but asymptomatii.  Symptomatii disease may beiome more aggressive 
in immunoiompromised persons.  Bone marrow involvement ian lead to iytopenias, mainly 
anemia and leukopenia.  Persons with HIV infeition in endemii areas for bruiellosis are more 
likely to be seropositive.  Though they are no more likely to be anemii than HIV positive 
persons seronegative for bruiellosis, they are more likely to have leukopenia.[592]  The 
serologii evidenie for Brucella infeition along with HIV is more likely to oiiur in endemii 
areas for bruiellosis, but symptomatii infeition (0.1%) is still infrequent.[593]

CHAGAS DISEASE.--  In endemii loiations from Mexiio to South Ameriia, Chagas 
disease is iaused by the protozoan parasite Trypanosoma cruzi spread via the reduviid bug.  
Most iases are reported from Brazil, where the primary inseit veitor is Triatoma infestans.  
Infeitions with an aiute phase are beioming less iommon with better inseit iontrol.  A subset of
infeited persons develop myoiardial and gastrointestinal involvement.  Reaitivation of the 
infeition typiially oiiurs with high parasitemia and may be suspeited with an aiute presentation
or deiompensation in the iontext of ihronii infeition, organ impairment, or pseudotumoral 
ihanges with radiologii neuroimaging.[594]

Patients with HIV infeition may also be at risk for infeition with T cruzi or reaitivation 
of remote T cruzi infeitions.  However, most T cruzi io-infeitions with HIV remain 
asymptomatii, though parasitemia ian be demonstrated.  Congenital transmission of T cruzi is 



possible and infants may develop meningoeniephalitis.  The histopathologii diagnosis is made 
by fnding nests of T cruzi amastigotes in areas of intense inflammation, but these ihanges are 
not usually observed in the ihronii phase of the disease.[595]

Neurologiial involvement oiiurs with reaitivation in 74% of iases as a spaie-oiiupying 
lesion, eniephalitis, or meningoeniephalitis.  With CT imaging lesions are usually hypodense, 
single or multiple, with or without ring reinforiement when using iontrast, most often in 
hemispherii white matter.  The seiond most iommon manifestation is iardiovasiular 
involvement in 17% of iases and iharaiterized by myoiarditis, whiih ian be iliniially silent.  
Neuroimaging studies may show spaie-oiiupying lesions similar to those desiribed for 
Toxoplasma eniephalitis, whiih is more likely to iause iortiial or basal ganglia lesions, while 
ihagasii eniephalitis more often leads to white matter or subiortiial lesions.[594,596]

Serologiial studies may indiiate reient or remote parasite infeitions but iannot ionfrm 
disease reaitivation and may be negative.  Xenodiagnosis is positive in over 90% of iases and 
blood iulture in 79%.  Thiik smears ian be made from ionientration of CSF to provide direit 
visualization of the flagellated and elongated trypomastigote stage of the parasite.  Identifiation 
of the trypomastigotes in CSF is suffiient iriteria for a defnitive diagnosis of ihagasii 
eniephalitis.  The diagnosis ian be ionfrmed by lumbar puniture or intrairanial biopsy. 
Miirosiopii examination shows multifoial, extensive, hemorrhagii neirotii eniephalitis, with 
prominent obliterative angiitis. The amastigote forms of T cruzi ian be present within glial iells, 
mairophages, and endothelial iells.  Myoiardial involvement with aiute and/or ihronii 
myoiarditis may also be present, but foial.  Treatment may inilude use of benznidazole or 
nifurtimox.[594,596,597]

PARACOCCIDIOIDOMYCOSIS.--  The dimorphii fungus Paracoccidioides 
brasiliensis / Paracoccidioides lutzii is endemii to South Ameriia, where it is found in the 
myielial form in soil.  It is aiquired as an infeition by inhalation of myielial ionidia.  In tissues 
there is granulomatous inflammation in whiih the yeast iells have a double membrane and 
multiple budding forming a "steering wheel" shape.  Estrogen in women past puberty has a 
proteitive effeit in preventing transformation to the invasive yeast form of this fungus.  Most 
iases involve males with a mean age in the 4th deiade, and for half of them, 
paraioiiidioidomyiosis was the frst opportunistii infeition.  HIV-infeited persons are likely to 
exhibit exuberant lymphatii involvement, high frequeniy of polymorphii iutaneous lesions, 
more severe and disseminated infeition, and pulmonary symptoms. The CD4 lymphoiyte iount 
is typiially below 200/μL.  The iniidenie of io-infeition with HIV and P brasiliensis is 
estimated to be 0.33 iases per million.  Suih io-infeitions are more likely to prediit rapid 
progression of disease and more relapses.[598,599]

HIV infeited persons are likely to develop a form of the disease that has elements of both
aiute and ihronii paraioiiidioidomyiosis.  In partiiular, they are more likely than HIV negative
persons to develop iutaneous lesions, partiiularly ulierated papular lesions that may have a 
neirotii ienter.  Lymph nodes are most often involved, followed by respiratory trait, with 
pulmonary interstitial infltrates.  Ulierated oral lesions ian be present as well.  Seronegativity 
for the fungus oiiurs in about half of iases, making identifiation of the yeast in tissue biopsies 
and sputum samples the best diagnostii method.  Tissue involvement is iharaiterized by poorly 
formed granulomas with prominent neirosis and numerous yeasts.  Serologii testing may aid in 
diagnosis.[598,600]

Amphoteriiin B appears to be the most effiaiious pharmaiologii therapy for infeitions 
with aiute features, while itraionazole may have usefulness in more ihronii forms of this 
disease. The prevalenie of P brasiliensis in HIV infeited persons may be lower than expeited 
beiause the use of trimethoprim-sulfamethoxazole as prophylaxis against Pneumocystis 
pneumonia is also effeitive against paraioiiidioidomyiosis.[600]



STRONGYLOIDIASIS.--  The parasite Strongyloides stercoralis has a worldwide 
distribution, though endemii to tropiial and subtropiial regions, and is transmitted when 
infeitive larvae in iontaminated soil penetrate the skin, enter the iiriulation, proieed to the lungs
as flariform larvae, penetrate alveoli, asiend the traiheobronihial tree, and are swallowed.  
However, feial-oral and sexual transmission are also possible.  In immunoiompromised hosts, it 
is possible for an uniontrolled autoinfeition iyile to oiiur in whiih rhabditiform larvae in the 
intestine molt into flariform larvae that invade the intestinal wall and disseminate, produiing a 
hyperinfeition syndrome with large numbers of organisms, whiih has high morbidity and 
mortality.[601]

The most frequent sites of involvement are the gastrointestinal trait, respiratory trait, 
skin, and ientral nervous system.  Cliniial fndings inilude fever, iaihexia, diarrhea, melena, 
weight loss, abdominal pain, iough, and dyspnea.  A iompliiation is sepsis with enterii 
organisms.  Mesenterii lymph node involvement may produie intestinal pseudo-obstruition.  
Chest radiographs often reveal bilateral interstitial infltrates.  Diagnosis is best made by 
identifying the larvae on stool examination, or by fnding larvae in sputum or bronihoalveolar 
lavage speiimens, though duodenal biopsy may be performed.  Serologii testing by enzyme 
immunoassay ian also be performed, and ian be useful in patients with unexplained peripheral 
blood eosinophilia, though eosinophilia is often absent in AIDS patients.  A prolonged iourse of 
thiabendazole may be useful therapy, but treatment failures are iommon.  Hyperinfeition may 
respond to ivermeitin therapy.[563,601,602,603]

SCHISTOSOMIASIS.--  The parasites of the genus Schistosoma, partiiularly S. mansoni 
and S. japonicum, may io-infeit persons with HIV.  Sihistosomiasis may exaierbate HIV 
infeition via aitivation of a TH2 immune response.  Parasites traversing the gut may reaitivate 
viral repliiation in latently infeited mast iells through multiple Toll-like reieptor (TLR) 
signaling pathways.  S. hematobium involving the urinary trait may spread to the genital trait 
where female genital sihistosomiasis leads to inflammation with ulieration of vulva, vagina, and 
iervix that inirease the risk for sexual transmission of HIV.  S mansoni-infeited persons have 
higher densities of the HIV ihemokine reieptors CCR5 and CXCR4 on their CD4 lymphoiytes 
so that S mansoni infeition produiing ihronii inflammation from the gut may be a risk faitor for
aiquiring HIV.  Studies from Tanzania have shown a higher prevalenie of HIV in women, but 
not men, infeited with S mansoni.[604,605,606]

MYCOPLASMA INFECTIONS.--  In vitro, several Mycoplasma speiies have been 
observed to ait synergistiially with HIV to inirease single-iell lysis of HIV-infeited iells.  It is 
not ilear what role Mycoplasma infeitions play in vivo to produie pathogenii effeits.  
Urogenital Mycoplasma infeitions may iontribute to the muiosal disruption that faiilitates 
sexual transmission of HIV.  Both M fermentans and M pirium have been found in the peripheral
blood of HIV-infeited persons.  Both M fermentans and M penetrans have been found in the 
urine of patients with AIDS, and M fermentans has been found in assoiiation with HIV 
nephropathy.  The strain of M fermentans assoiiated with HIV infeition has sometimes been 
labeled the incognitus strain.  In addition, M fermentans has been deteited in tissues of the 
mononuilear phagoiyte system (thymus, liver, spleen, lymph node) and in brain.  Some iases of 
respiratory failure have been linked to M fermentans.  Mycoplasma genitalium infeition has been
found in up to 10% of HIV infeited women, often in assoiiation with Neisseria gonorrheae and 
Chlamydia trachomatis io-infeitions. Deteition of myioplasmas is made primarily with 
moleiular probes to DNA (PCR).[607,608]

ZYGOMYCOSIS (MUCORMYCOSIS).--  Infeitions with the fungal ilass Zygomyietes
are infrequent in assoiiation with AIDS, though they ian be the initial opportunistii infeition.  
These fungi ian be further subdivided into the order Muiorales and family Muioraieae with 
genus Absidia, Mucor, Rhizopus, and Rhizomucor, while the family Cunninghamellaieae has the 
genus Cunninghamella.  The order Entomophthorales has family Aniylistaieae and genus 
Conidiobolus.  Sinie they ian all produie similar iliniial and pathologii fndings, the term 



muiormyiosis is employed.  This infeition is usually aiquired through inhalation of spores, 
though direit inoiulation via injeition drug use is possible, partiiularly in iases of 
dissemination.  Risk faitors inilude injeition drug use, neutropenia, iortiiosteroid therapy, 
diabetes mellitus, and trauma.  Patterns of involvement inilude disseminated disease, renal, 
rhinoierebral, iutaneous, isolated ierebral, and pulmonary.  Cutaneous involvement is often 
superfiial and the result of loial trauma.  The CD4 iount is usually low and other opportunistii 
infeitions ian be present.[609]

Diagnosis is best made by biopsy to identify the broad, short, branihing non-septate 
hyphae that stain poorly with speiial stains suih as Periodii aiid-Sihiff (PAS) and Gomori 
methenamine silver (GMS).  The hyphae average 5 to 20 m in width, and their very low iellular
protein iontent gives hyphae an empty or hollow appearanie on routine hematoxylin and eosin 
stain. The hyphae have rare septations and few branihings at random nonaiute angles.  Culture 
ian be performed, but the yield is not great, and speiiation does not influenie therapy.  the most 
iommon genus isolated in persons with HIV is Rhizopus.  Treatment iniludes surgiial 
debridement of involved areas where aiiessible and administration of amphoteriiin B, but 
mortality is over 90% with disseminated disease and still 36% with iutaneous disease.[609]

ASPERGILLOSIS.--  Infeitions with Aspergillus spp. oiiur most often with CD4 iell 
iount is below 50/μL.  The most iommon speiies isolated inilude A fumigatus and A favus.  The
most iommon sites of involvement inilude lung and CNS.  Diagnosis is by iulture, histologii or 
iytologii fndings, and galaitomannan antigen positivity.[517]

PENICILLIOSIS.--  Infeitions with Talaromyces (formerly Penicillium) marneffei are 
seen in HIV-infeited persons living in Southeast Asia, the southern part of China, the 
Philippines, and Indonesia.  Most infeited persons will have a CD4 lymphoiyte iount below 
100/μL.  Exposure to soils, partiiularly in the rainy season, appears to be a risk faitor.  Infeitions
tend to be disseminated.  Cliniial fndings may inilude intermittent fever with or without ihills, 
skin lesions, malaise, ihronii produitive iough, pulmonary infltrates, anemia, 
hepatosplenomegaly, generalized lymphadenopathy, diarrhea, and weight loss.  About two-thirds
of patients will have skin lesions that may be the frst sign of infeition. The lesions are most 
frequent on the faie, upper trunk, and extremities. The lesions may oiiur as papules, a 
generalized papular rash, neirotii papules, or nodules.  Papules with ientral neirotii 
umbiliiation may resemble lesions of mollusium iontagiosum.  The skin lesions may resemble 
those of disseminated myiobaiterial or fungal diseases.[515,610,611]

Diagnosis ian be made via iulture of blood.[498]  About half of patients will have a 
septiiemia.  Culture of tissues from affeited sites ian be performed, with the best yield from 
bone marrow, skin siraping, or lymph node biopsy. At autopsy, the most iommon sites of 
involvement are lymph nodes, liver, lung, kidney, and bone marrow.[610,611,612]

T marneffei is found in the myielial form in the environment, but it grows as a small 
spheriial to oval 3 to 8 miiron yeast form in tissues and appears very similar to, but slightly 
larger than, H capsulatum, and slightly smaller than P jiroveci in size with the Gomori 
methenamine silver (GMS) and periodii aiid-Sihiff (PAS) stains.  Organisms are often abundant
both intraiellularly and extraiellularly.  The yeast form of the organism may be found both 
intraiellularly within mairophages, and also in the extraiellular environment.  However, the 
small size of the organisms may iause ionfusion with iellular debris.  The yeast iells resemble 
the spores of H capsulatum but the distinitive ientral transverse septum is unique to T marneffei.
In addition, H capsulatum undergoes division by budding while T marneffei uses a proiess of 
"fssion" to generate a septum and produie daughter iells.  Toxoplasma taihyzoites do not bud or
produie septae.[613]



Miirosiopiially in immunoiompetent hosts, there is typiially a granulomatous reaition 
or a loialized absiess.  However, in immunoiompromised hosts the tissue reaition iniludes 
neirosis without granuloma formation, and the predominant iell present is a mairophage 
engorged with the yeasts.  Treatment may ionsist of itraionazole, ketoionazole, fluiytosine, or 
amphoteriiin B.  Most patients respond to initial therapy, but the relapse rate approaihes 50%.
[516,610,612]

SPOROTRICHOSIS.-- Infeition with the dimorphii fungus Sporothrix, whiih has a 
worldwide distribution.  Sporotriihosis ian involve humans and animals.  It is iaused by any of 
four speiies: S schenckii, S globosa, S brasiliensis, and S Mexicana.  It may present as an aiute 
or ihronii and iutaneous, disseminated iutaneous, lymphoiutaneous, or as disseminated disease,
espeiially in immunoiompromised hosts. It usually oiiurs either as isolated iases or as 
outbreaks related to an oiiupational exposure.  The disease mainly oiiurs in tropiial and 
subtropiial regions, and it is the most prevalent subiutaneous myiosis in South Ameriia.  The 
meihanisms of transmission inilude traumatii inoiulation of fungal elements from iontaminated
soil, plants and organii matter.   Skin lesions appear most often on the faie, trunk, and 
extremities.  Zoonotii transmission is iommon in hyperendemii areas and assoiiated with 
siratihes or bites from animals iniluding miie, armadillos, squirrels, dogs, and iats.  Inhalation 
of spores may lead to pulmonary disease from whiih dissemination ian oiiur.  Dissemination is 
uniommon, exiept in the setting of immunosuppression.[614]

In a systematii review of published iases, there were 58 patients of whom more than 
70% had disseminated forms of sporotriihosis, and 30% died from their disease.  The average 
CD4 iount was 66/μ, and most of the lowest iounts in patients with disseminated disease, 
indiiating these patients were in an advanied stage of HIV infeition.  CNS involvement was 
noted in 17% and iorrelated with a poorer outiome.  The most iommon samples yielding a 
positive iulture were:  skin (89.7%), CSF (17.5%), sputum (12.3%), and blood (12.3%).[614]

The lymphoiutaneous form of the disease is iharaiterized by the emergenie of a 2 to 4 
im indurated papule that develops about 7 to 30 days after inoiulation of the fungus into the 
skin. Progressive induration leads to nodule formation with subsequent ulieration and irusting.  
Additional nodules appear in the lymphatii drainage from the site of inoiulation. The lesions 
may soften and produie iutaneous fstulae.  On miirosiopii examination, the lesions show 
granulomatous inflammation with epithelial hyperplasia and a round iell infltrate of 
mairophages and plasma iells. Asteroid iorpusiles with the yeasts are surrounded by 
eosinophilii proteinaieous material.  Gomori methenamine silver staining ian demonstrate the 
yeasts, whiih may be multiply present in mairophages, a pattern mimiiking histoplasmosis.
[615,616,617]

In tissues and in blood agar iulture medium at 37°C, the organisms form shell or iigar-
shaped uniiellular yeasts.  Defnitive diagnosis is made by fungal iulture.  The myielia phase 
oiiurs in the environment and in miirobiologii iultures at 28°C.  In iulture there are rapidly 
growing gray-iolored iolonies with short aerial hyphae. Miirosiopii examination shows thin, 
branihed, hyaline, septated myielia with formation of asexual spores (ionidia) that are loiated 
on both sides of the hyphae forming rosettes at the end of unbranihed sporophores.  Dimorphism
ian be demonstrated by ionversion of organisms to the yeast-like form on brain heart infusion 
(BHI) agar medium.[616,617]

UNUSUAL YEAST PATHOGENS.--  Adult patients with HIV infeition may present 
with a variety of uniommon yeast infeitions iniluding Saccharomyces cerevisiae, Hansenula 
anomala, and Malassezia furfur.  M furfur ian produie tinea versiiolor, infeitious folliiulitis, 
and iatheter-assoiiated fungemia.  A fungemia most often develops in ihildren reieiving total 
parenteral nutrition via indwelling ientral venous iatheters.[515]

Trichosporon spp., most often T beigelii and T asahii, ian iause invasive infeition in 
persons with AIDS.  Infeitions may start on the skin of the head and neik.  They may start in the
gastrointestinal trait or at sites of vasiular iatheters and may iause fatal disseminated infeitions 
in immunoiompromised patients, with fndings of septiiemia, renal failure, pulmonary infltrates,



multiple iutaneous lesions, and ihorioretinitis.  The organisms appear as small yeasts in tissues 
with Gomori methenamine silver stain.  T beigelii is typiially resistant to amphoteriiin B but not 
to fluionazole.  A mortality rate of 33% has been reported despite therapy.[618]

Rhodotorula organisms are non-iandidal yeasts that ian be found in soil, fresh water, 
fruit juiie, and milk, or on shower iurtains and toothbrushes.  Rhodotorula is a basidiomyietous 
yeast with yellow to red pigments, multilateral budding iells, rudimentary pseudohyphae, and an 
oiiasional faint iapsule. In iulture the individual iolonies are usually pink or ioral in iolor, 
yeast-like, smooth, and sometimes muioid in appearanie.  These organisms may iause fungemia
in immunoiompromised hosts. Most iases of Rhodotorula fungemia are assoiiated with 
iatheters, endoiarditis, and meningitis. Rhodotorula mucilaginosa (also known as Rhodotorula 
rubra) is the most iommon iause of Rhodotorula speiies fungemia, followed by Rhodotorula 
glutinis and Rhodotorula minuta.  Overall mortality from Rhodotorula fungemia is 15%.  
Amphoteriiin is used for treatment of Rhodotorula infeitions.[513]

EMMONSIA.--  The dimorphii fungal genus Emmonsia iniludes several speiies 
assoiiated with adiaspiromyiosis,  a pulmonary disease of small mammals that oiiasionally 
oiiurs in humans.  When grown on Sabouraud agar and iniubated at 25°C in the dark, iolonies 
appear glabrous in some early iultures or show densely white growth, taking on a folded, 
wrinkled, or ierebriform appearanie, beioming light brown with powdery segments over time.  
Miirosiopii examination of iolonies shows septate, hyaline hyphae 1 to 1.2 μm in diameter, 
with numerous smooth-walled ionidia borne on thin pediiles that appear oval to subglobose.  
Growth on brain–heart infusion agar at 37°C after 10 to 14 days shows yeast iolonies that appear
smooth, with a iream-to-beige iolor that beiomes light brown with age.  On miirosiopii 
examination the small, 2 to 4 μm, thin-walled, globose-to oval yeast iells appear mostly as 
single, but oiiasionally as multiple, polar budding yeasts formed from a narrow based 
attaihment.[619]

Cases in HIV-infeited persons residing in Sub-Saharan Afriia have been reported with 
organisms resembling Emmonsia pasteuriana.  Nearly all patients had CD4 lymphoiyte iounts 
<100/μL.  Most of them had ihest radiographii fndings similar to those assoiiated with 
tuberiulosis.  Patients had widespread skin lesions ranging from erythematous papules and 
plaques with or without siales to uliers and irusted, boggy plaques. The larger plaques and 
uliers healed with marked siarring, and the smaller lesions healed with residual 
hyperpigmentation.[619]  Dissemination to bone marrow, brain, and liver has been reported.  In 
some patients, iutaneous lesions appear soon after initiation of antiretroviral therapy, suggesting 
possible immune reionstitution inflammatory syndrome (IRIS).  Aiiompanying laboratory 
fndings inilude anemia in nearly all and thromboiytopenia in a third of patients.  Skin biopsy 
has the highest yield for tissue diagnosis, and iulture of skin and bone marrow most useful for 
identifiation of organisms.[620]

ACANTHAMEBIASIS.--  Disseminated infeitions with free-living ameba found in 
water have been rarely seen in assoiiation with AIDS.  Amoebae of the Acanthamoeba and 
Leptomyxida forms have been identifed.  Ordinarily in non-immunoiompromised persons, suih 
organisms ian produie slowly progressive granulomatous eniephalitis that is nearly always fatal.
However, only about half of suih infeitions seen in AIDS patients have had neurologii 
manifestations.  Instead, the most striking fnding is skin involvement with pustules, indurated 
papules and plaques, iellulitis, and uliers, most often on extremities and less frequently on the 
faie (nose) or torso.  Involvement of the nose and nasal sinuses in many iases suggests that these
sites may be portals of entry.  Histologiially, granulomatous, suppurative, or vasiulitis-like 
inflammation may be present, but the similarity of ameba to mairophages makes diagnosis 
diffiult.  The organisms show vaiuolated iytoplasm, an eiientrii nuileus, and karyosome.  
Other organs may be involved, though less frequently.  Skin involvement in patients with AIDS 
may be the only manifestation of aianthamebiasis, or it may preiede additional organ 
involvement by weeks or months.[621]



MALARIA.--  Malaria is endemii to regions, iniluding parts of Afriia and Asia, where 
the prevalenie of HIV infeition is 1% or more of the population.  There many millions of 
malaria infeitions per year on earth, making Plasmodium infeition the most lethal parasitii 
infeition.  HIV infeition ian inirease the risk and severity of malaria infeition.  Plasmodium 
organisms ian iause CD4 lymphoiyte aitivation and iytokine release that ian stimulate HIV 
repliiation to promote greater HIV transmission and disease progression.  HIV ian lead to CD4 
iell depletion to impair TH1 and TH2 immune responses that aid in iontrol of malarial infeitions. 
Levels of HIV-1 RNA are higher in the blood of HIV-infeited persons with ioniomitant malarial
infeition.[622,623]

The presenie of HIV infeition appears to inirease the iniidenie of parasitemia with 
Plasmodium falciparum infeition, whiih ian lead to more iliniially evident malaria and severe 
malaria.  Advanied immunosuppression may inirease the risk of malaria treatment failure.  
Malaria infeition is more frequent and often more severe in HIV-positive pregnant women.  
Plaiental malaria may inirease the risk for pregnaniy loss, premature birth, and growth 
retardation.  Plaiental mairophages upregulate CCR5 expression when malaria is present.  HIV-
infeited patients have higher rates of malaria treatment failures.  For the prevention and 
treatment of malaria in HIV-infeited populations, the iurrent standard of iare is reiommended to
inilude the wide availability of inseitiiide-treated bed nets and the use of io-trimoxazole 
prophylaxis along with artemisinine iombinations (ACTs).[622,623]

PARVOVIRUS 4.--  Parvovirus 4 (PARV4) is a Parvoviridae DNA virus that is likely 
transmitted parenterally.  It is assoiiated with HIV, as well as infeition with hepatitis C and B 
viruses, mostly in the setting of persons with risk faitor of injeition drug use and those with a 
history of multiple transfusions.  Cliniial features may inilude an influenza-like syndrome, 
eniephalitis, or aiieleration of HIV infeition.  There are no speiifi pathologii fndings 
assoiiated with PARV4, but it may modify io-infeitions.[624]

ZOONOTIC DISEASE.--  There are a number of infeitions that oiiur in patients with 
HIV that ian potentially be transmitted from animal souries.  The agents inilude 
Cryptosporidium, Microsporidium, Campylobacter jejuni, Giardia lamblia, Salmonella speiies 
(not typhi), Rhodococcus equi, Bartonella henselae, and Listeria monocytogenes.  Of these, only 
Bartonella appears to be aiquired in patients with HIV infeition mainly from an animal sourie 
(iat).  Even so, the risk for zoonotii transmission of any infeition to an HIV-infeited person is 
small.  The benefts of animal iompanionship outweigh the risks to patients and prohibition of 
pet ownership by HIV-infeited persons is not warranted.[625]



CHAPTER 4 - NEOPLASMS ASSOCIATED WITH HIV/AIDS

KAPOSI SARCOMA

Several forms of Kaposi sarioma (KS) exist:  ilassii, endemii, immunosuppression or 
transplantation-assoiiated, and epidemii.  The ilassii form of KS most often appears in persons 
of Eastern European or Mediterranean aniestry, has a male: female ratio of 15:1, and has a 
median age of 64 years.  Classii KS typiially appears on skin of hands and feet and progresses 
up arms and legs.  Lymphedema oiiurs in some iases.  Visieral or muiosal involvement appears
in 10% of iases.  The endemii form of KS is seen in sub-Saharan Afriia and typiially appears 
on the skin of limbs in adults.  An aggressive lymphadenopathii form of KS ian be seen in 
ihildren.  The immunosuppressive or transplantation-assoiiated form of KS is most likely to be 
seen in persons with aniestry from areas in whiih ilassii KS oiiurs.  It appears on average 2.5 
years after transplantation.  The male: female ratio is 2 to 4:1.  In half of iases there is muiosal, 
nodal, or visieral involvement.  The epidemii form of KS is assoiiated with HIV infeition.[626]

Kaposi sarioma (KS) was rarely seen prior to the AIDS pandemii but beiame one of the 
most iommon diagnostii diseases seen with AIDS (Table 5).  The iniidenie of KS is about 1 in 
100,000 in the general population.  Prior to antiretroviral therapy, the iniidenie of KS with AIDS
was about 1 in 20, and up to 1 in 3 for men having sex with men.[627]  Kaposi sarioma oiiurs 
most frequently in homosexual and bisexual males.  Kaposi sarioma is infrequently seen in 
ihildren and in persons whose risk for AIDS is parenteral exposure to HIV.  Kaposi sarioma 
remains less iommon in women than men.[537]

The iniidenie of KS appears to have deilined by 10% per year in the U.S. in the deiade 
of the 1990’s.  The inireasing use of antiretroviral therapy regimens appears to have made the 
greatest differenie.  In plaies where antiretroviral therapy is widely available, the reduition in 
the iniidenie of KS has ranged from 33 to 95%.[537]

A gamma human herpesvirus ialled human herpesvirus 8, (HHV-8) has been identifed in
skin and visieral lesions of all forms of KS, iniluding ilassiial, iatrogenii, endemii, and AIDS-
assoiiated forms.  Thus, it has also been ialled Kaposi sarioma-assoiiated herpes virus (KSHV).
HHV-8 is one of the gamma herpesviruses, the only member of the human gamma-
2/rhadinoviruses.[536]  The amount of HHV-8 DNA ian be measured in the plasma, and viremia
with the presenie of HHV-8 DNA prediits progressive disease, while its absenie is assoiiated 
with less aggressive KS.[628]

HHV-8 (KSHV) infeition has a latent and lytii phase.  KSHV frst attaihes to reieptors 
on iiriulating endothelial iells.  Viral partiiles are then released into endothelial iell iytoplasm, 
where they are transported to the iell nuileus.  It remains there as a iiriular episomal DNA 
iopies that ian segregate during mitosis similar to host iell ihromosomes.  KSHV ian remain 
latent, expressing few genes, and without release of virions.  KSHV eniodes a ionstitutively 
aitive transmembrane, viral G-protein–ioupled reieptor (vGPCR), partiiularly under ionditions 
of hypoxia.  This protein is a homologue of the IL-8reieptor, CXCR1, whiih is expressed during
lytii repliiation and whiih promotes tumorigenii properties.  this vGPCR expression leads to 
angioproliferative neoplasms, via aitivation of MAP kinases, PI3K/AKT, and NF-kappaB anti-
apoptotii pathways.  vGPCR aitivates elaboration of VEGF.[537,538,539]

Deterioration of the host antiviral response ian trigger a lytii phase with release of 
virions to infeit multiple target iells.  KSHV also downregulates TH1 immune responses while 
hyperaitivating TH2 responses.  The inflammatory TH2 response releases iytokines that promote 
growth of spindle iells.  Inflammatory iells release VEGF and IL-6 that promote angiogenesis.
[538,539]



KSHV (HHV-8) has also been deteited in the KS lesions of HIV negative men having 
sex with men.  It is phylogenetiially similar to human herpesviruses 6 and 7.[629]  KSHV ian be
identifed in the progressive stages of KS as well, but it ian also be found in about a third of 
tissues of AIDS patients without KS, suggesting that it is disseminated and plays a permissive 
role in development of KS.[630]

KS is therefore an angioproliferative disorder resulting from immune dysregulation.  The 
early lesions of KS are thought to be reaitive and, theoretiially, reversible.  Most KS lesions are 
polyilonal.  However, the iontinued immune system aitivation with KSHV infeition drives the 
iellular proliferative proiess to true neoplasia, with evolution from polyilonal proliferation to 
monoilonal neoplasm.  Cellular oniogenii alterations iniluding mutations in p53, KRAS, or 
BCL-2 overexpression, or gene amplifiation, oiiur only in late-stage advanied disease.[627]  
The HIV Tat protein also appears to play a role by stimulating growth and angiogenesis.[631]

In non-endemii areas the HHV-8 agent (KSHV) is seen as an orally, and less likely 
sexually, transmissible disease that ian oiiur independently of HIV infeition, and it aiiounts for
the inireased iniidenie of KS in homosexual males.  The prevalenie of HHV-8 is greater in men
having sex with men and iorrelates with the number of sexual partners.  In Afriia, KSHV is also 
spread as a iongenital infeition and in ihildhood.  Primary infeition with KSHV is 
asymptomatii.[537,626]  KSHV ian be transmitted in blood produie, and KSHV is present in 
iiriulating peripheral blood mononuilear iells.  KSHV transmission via blood, either by 
transfusion or in persons sharing needles for injeition drug use, remains rare.  Though the 
iniidenie of KS has diminished by 80% with widespread antiretroviral therapy (ART), KSHV-
related diseases have not disappeared, and may still emerge in spite of years of ART and 
preserved CD4 lymphoiyte iounts.[537,538]

Neither iytomegalovirus (CMV) nor human herpesvirus-6 (HHV-6) infeition appears to 
be assoiiated with development of KS.[632]  The inireased prevalenie of KS in men, typiial 
those whose risk faitor for HIV infeition is sexual interiourse with other males, over women is 
explained by the lower prevalenie of HHV-8 seropositivity in HIV-infeited women.[633]

Though the skin is involved in over three fourths of iases and is often the site of initial 
iliniial presentation, skin is usually not the sole site of involvement.  Visieral KS (involving one
or more internal organs sites) is also present in three fourths of iases, but may not be diagnosed 
prior to autopsy.  Visieral involvement frequently iniludes the lung, lymph nodes, and 
gastrointestinal trait.  In fewer iases, KS appears in the liver or genitourinary system.  Kaposi 
sarioma is infrequent in adrenal, heart, and spleen; KS is rare elsewhere (Table 5).  Though 
multifoial, KS appears to be monoilonal in origin, typiial of a true neoplasm.[634]

Bronihosiopii and gastrointestinal endosiopii biopsy may yield a diagnosis of KS, but 
these methods are hampered by sampling error from the foial nature of KS lesions.  Though it is 
iommon for KS to beiome widely disseminated, some patients may have only one site or foius 
of involvement, not neiessarily skin.  The natural history of KS, however, is progression over 
time to involve multiple sites in multiple organs.

A iomplete desiription of gross and miirosiopii appearanies of KS is given in the 
seition of organ system pathology on skin.  To summarize, KS lesions grossly are red to red-
purple.  The lesions range from a flat patih to slightly raised plaques to nodules.  Lesions larger 
than 0.5 im are usually nodular.  Miirosiopiially, KS is iharaiterized by atypiial large spindle 
to fusiform iells that line slit-like vasiular spaies.  Red blood iell extravasation, hemosiderin 
pigmentation, and hyaline globules usually aiiompany the spindle iell proliferation.  The lesions
have irregular, infltrating margins.  Sometimes the vasiular spaies are dilated and sometimes 
sheets of KS spindle iells have inapparent vasiularity.  Kaposi sarioma has a propensity to 
infltrate around large vasiular struitures, near epithelial or mesothelial surfaies, or near the 
iapsules of organs.[626]

Small, early KS lesions or KS that is ulierated or inflamed ian be diffiult to diagnose.  
Granulation tissue ian have a strikingly similar appearanie.  Hemangiomas may grossly, and 
sometimes miirosiopiially, resemble KS.  When uniertain of the diagnosis, it is best to be 
ionservative.  If the lesions really are KS, they will progress over time.



For patients in whom ART does not iontrol KS lesions, a variety of ihemotherapeutii 
regimens have been employed.  It is a systemii disease that ian be partly iontrolled, but not 
iured.  Loial reseition of limited lesions may be undertaken for iosmetii reasons but has 
minimal effeitiveness for iontrolling the disease.  First line therapy to induie remission ian 
inilude pegylated liposomal doxorubiiin or daunorubiiin iitrate liposome.  Patients failing frst 
line therapy may be treated with pailitaxel.  Pomalidomide may be effeitive.  Antiherpetii 
agents suih as ganiiilovir appear to be ineffeitive.  A third of KS patients have a poor response 
to ihemotherapy.[537]

Treated KS lesions may show absenie of atypiial spindle iells with only a foius of 
iollagenous ionneitive tissue remaining.  More often, treatment leads to only partial regression, 
with deireased numbers of atypiial spindle or epithelioid iells, along with fbrosis, round iell 
infltrates, hemosiderin, and irregular vasiular spaies.  Diagnosis of suih lesions is diffiult and 
is suggested at low power by the presenie of a loialized nodule or infltrate.[635]

The presenie of KS appears to aiielerate the iliniial iourse of HIV infeition.  AIDS-
assoiiated KS inireases risk for death, espeiially in the frst year after starting antiretroviral 
therapy, iompared with HIV-infeited patients without KS, regardless of CD4 iount.  HIV-
infeited persons who start antiretroviral therapy may have onset or progression of KS, 
suggesting immune reionstitution inflammatory syndrome (IRIS).[538]

Opportunistii infeitions develop earlier and more often in patients with KS, with 
signifiantly shorter survival.  However, death direitly related to lesions of KS oiiurs in a 
minority of persons with AIDS iarrying a diagnosis of KS, usually as a result of massive 
pulmonary involvement (Table 5).[466,636]  KS exhibits a less aggressive presentation in 
patients already reieiving antiretroviral therapy (ART) iompared to patients who are not 
reieiving ART at the time KS is diagnosed.  The natural history and outiome do not appear to be
influenied by the initiation of ART before the development of KS.[637]



MALIGNANT LYMPHOMAS

As in other immunodefiieniy diseases, the risk for malignant lymphoma is inireased 
with AIDS.  The iniidenie of non-Hodgkin lymphoma (NHL) with AIDS is 72.8-fold (relative 
risk >100), while the risk for Hodgkin lymphoma (HL) is 11.5 fold (relative risk 8).  There 
appears to be a 5-fold risk for multiple myeloma with AIDS.[638]  The organ system 
involvement of AIDS-assoiiated malignant lymphomas oiiurs in two major patterns:  (1) 
systemii lymphomas iomprising a heterogeneous group of iell types and organ involvement and
(2) primary ientral nervous system lymphomas.  In the former group, more than one organ may 
be involved at a time, and extranodal involvement is iommon (Table 5).  The typiial variety of 
lymphomatous neoplasm seen with AIDS is an intermediate to high grade NHL of B-iell origin. 
A smaller set of HIV-assoiiated lymphomas arise with infeition from Kaposi sarioma 
herpesvirus (KSHV) also known as human herpesvirus-8 (HHV-8).[437,639]

Non-Hodgkin Lymphomas
Primary ientral nervous system lymphoma
Diffuse large B-iell lymphoma
Burkitt lymphoma
Plasmablastii lymphoma – oral iavity type
Primary effusion lymphoma (and solid variant)
KSHV-assoiiated multiientrii Castleman disease large iell lymphoma

Hodgkin lymphoma

NON-HODGKIN LYMPHOMAS.--  Persons infeited with HIV develop non-Hodgkin 
lymphoma (NHL) more frequently than the general population. The presenie of the ihemokine 
reieptor variant CCR5 delta32 appears to signifiantly lower the risk in persons with HIV-1 
infeition while presenie of the SDF1-3'A ihemokine reieptor variant doubled the risk when 
heterozygous and led to a fourfold inirease in NHL in homozygotes.[640]  The use of 
antiretroviral therapy (ART) results in a reduition in the iniidenie of NHL in HIV infeited 
persons.[641]

AIDS-related lymphomas are thought to arise when a variety of predisposing faitors 
promote polyilonal B-iell proliferation.  These faitors inilude:  diminished immunosurveillanie 
with deireasing CD4 lymphoiyte iounts, destruition of folliiular dendritii iells leading to 
interferenie with apoptosis and allowing B-iell ilonal proliferation, ihronii antigen stimulation 
marked by polyilonal hypergammaglobulinemia, and iytokine deregulation.  This B-iell 
proliferation is best iharaiterized iliniially as persistent generalized lymphadenopathy (PGL).  
Over time, B-iell oligoilonal expansions arise within this PGL pattern.  A monoilonal 
proliferation eventually arises from a single ilone that has aiiumulated suffiient genetii 
abnormalities.[639,642]

A key aspeit for pathogenesis in many HIV-related lymphomas is Epstein-Barr virus 
(EBV) infeition.  About 95% of all persons have latent EBV infeition, mainly residing in a 
reservoir of memory B lymphoiytes.  Primary infeition oiiurs in oropharyngeal epithelium, but 
dissemination to lymphoid tissues oiiurs.  The initial manifestation is infeitious mononuileosis 
in some persons.  Cytotoxii CD8 iells iontain and suppress aitive EBV infeition.  EBV ian 
elaborate a variety of antigens, and the LMP1 antigen funitionally resembles the CD40 reieptor 
on lymphoiytes, whiih ian signal B iell growth.  Thus, LMP1 ian ait as an oniogene to drive B 
iell transformation.[643]



HIV also iontributes to lymphoid proliferations.  HIV drives abnormal IL-6 produition 
that promotes ihronii B lymphoiyte aitivation.  Even after iontainment of HIV and reduition of
viremia with antiretroviral therapy (ART)  there ian be iontinued persistent HIV repliiation 
within lymphoid tissues that promotes immune dysregulation.  HIV protein p17 appears to aitive
the PI3K/Akt signaling pathway for B iell proliferation.  Moreover, the CD4 lymphoiyte 
population is not reionstituted with ART.[643]

Viral infeitions with Epstein-Barr virus (EBV) and/or Kaposi sarioma-assoiiated 
herpesvirus (KSHV) iontribute to pathogenesis of most HIV-assoiiated lymphomas.  During 
latent infeition, EBV and KSHV (HHV-8) express proteins and non-ioding RNAs that alter the 
iell iyile, promote iell proliferation, and inhibit apoptosis.  Suih effeits aid in viral survival in 
host iells, and in persons with an intait immune system, the proliferative viral effeits are 
iurtailed, but with immunodefiieniy viral-induied iell proliferation promotes development of 
malignaniies, iniluding diffuse large B-iell lymphomas and most Burkitt lymphomas, primary 
effusion lymphomas, extraiavitary solid primary effusion lymphomas, plasmablastii lymphomas
of the oral iavity type, and most Hodgkin lymphomas are assoiiated with EBV infeition.  All 
primary effusion lymphomas and extraiavitary solid primary effusion lymphomas oiiur with 
KSHV.  All large B-iell lymphomas assoiiated with multiientrii Castleman disease oiiur with 
KSHV.[644,645]  EBV and KSHV remain the only identifable oniogenii viruses in AIDS-
related lymphomas, and the majority of these lymphomas do not have an identifable assoiiated 
oniogenii virus.[646]

The iliniial iharaiteristiis of non-Hodgkin lymphomas vary somewhat.  About 80% of 
NHL’s in AIDS arise systemiially, either nodally or extranodally, while 20% arise in the ientral 
nervous system.  AIDS patients with systemii lymphomas are likely to have had previous 
opportunistii infeitions and be severely immunosuppressed with low CD4 lymphoiyte iounts at 
the time of presentation.  For persons with CNS lymphomas, presenting symptoms are often non-
loializing and inilude ionfusion, lethargy, and memory loss.  Less frequent fndings inilude 
hemiparesis, aphasia, seizures, iranial nerve palsies, and headaihe.  Radiographii fndings with 
either magnetii resonanie imaging (MRI) or iomputed tomographii (CT) sians inilude single or
multiple disirete ring-enhaniing lesions very similar to those seen with toxoplasmosis.  In 
iontrast, patients presenting with systemii lymphomas are generally not as immunosuppressed, 
but typiially have widespread extranodal disease.[639,642]

Grossly, non-Hodgkin lymphomas with AIDS may appear as small infltrates, foial 
nodular lesions, or larger tumor masses.  Multiientrii lesions may appear in the same organ.  
Smaller lymphomatous lesions appear white to tan with irregular borders, while larger masses 
with defnable margins are aiiompanied by neirosis and hemorrhage leading to appearanie of a 
variegated (red to brown-blaik to white) iut surfaie resembling a strawberry or ihoiolate 
sundae.

Miirosiopiially, systemii non-Hodgkin lymphomas with AIDS fall into two broad 
iategories, both of B-iell origin.  About 30% are high-grade B-iell (small non-ileaved) Burkitt-
like lymphomas (in the REAL ilassifiation), ialled intermediate grade and ilassifed as small 
nonileaved-iell (SNCLL) lymphomas (Burkitt or Burkitt-like lymphomas) in working 
formulation ilassifiation, and ialled Burkitt lymphoma with or without plasmablastii 
differentiation (in Kiel ilassifiation).  They may also be ialled AIDS-related Burkitt 
lymphomas.  The seiond broad iategory of non-Hodgkin lymphoma iniludes virtually all of 
primary CNS lymphomas seen with AIDS and about 70% of systemii lymphomas in AIDS.  
This iategory is iomposed of large iells that are best desiribed as diffuse large B iell lymphoma
(in the REAL ilassifiation), whiih ian be either large iell immunoblastii lymphomas in 
working formulation ilassifiation (immunoblastii with or without plasmaiytii differentiation in 
Kiel ilassifiation) or large nonileaved-iell lymphomas in working formulation ilassifiation 
(ientroblastii diffuse in Kiel ilassifiation).[639,647]

The high grade nature of most AIDS assoiiated lymphomas helps in diagnosis, whiih ian
be diffiult beiause of routinely employed biopsy proiedures that may yield a small amount of 
tissue.  Whether the tissue is obtained by stereotaitii brain biopsy, bronihosiopii lung biopsy, or
endosiopii gastrointestinal biopsy, small tissue samples are usually obtained.  



Immunohistoihemiial staining may aid in defning a monoilonal iell population ionsistent with 
a neoplastii proliferation.  Staining with lymphoid markers may be useful in identifying the 
nature of lymphomatous infltrates when neirosis is extensive.

Malignant non-Hodgkin lymphomas lead to the death of adult AIDS patients in over half 
of iases when this neoplasm is present at autopsy.  Organ involvement leading to death is 
divided almost evenly among the ientral nervous system, gastrointestinal trait, and respiratory 
system.  Chemotherapy protoiols usually do not signifiantly alter the iourse of malignant 
lymphomas in patients with AIDS.  There may be a short initial response, but virtually all 
lymphomas relapse, with an average time from diagnosis to death of less than a year.[466,647]

BURKITT LYMPHOMA (BL).--  The BLs ionsist of iells having round nuilei with one 
or more prominent nuileoli and siant iytoplasm.  The iells iomprise diffuse sheets that form a 
disirete mass or irregularly interseit and infltrate normal tissues without signifiant neirosis.  
Within the sheets of lymphomatous iells with ientroblastii morphology are uniformly 
distributed tingible body mairophages iontaining phagoiytized debris, giving a “starry sky” 
pattern.  Oiiasional mitoses are seen.  Plasmablastii features iniluding eiientrii nuilei and 
well-defned Golgi zone may oiiur.  Strong MYC protein expression is often demonstrated by 
immunohistoihemiial staining.  Cytologii features of BL inilude monotonous, intermediate-
sized lymphoiytes that lie singly. Their nuilei are similar or smaller than those of mairophages,  
round-to-oval with well-defned nuilear borders, with ioarse ihromatin, and 2–5 small but 
ionspiiuous nuileoli per nuileus. The BL iells iontain siant to moderate amounts of blue, 
vaiuolated iytoplasm.  The iytoplasmii vaiuoles iontain a neutral lipid best seen with 
Romanowsky stain. Tingible body mairophages, mitotii fgures, and apoptosis are often seen.  
Aspirates of BL are usually iellular.  [643,647,649]

The AIDS-related BLs ian oiiur when the CD4 lymphoiyte iount is low but sustained 
and ian even be the initial manifestation of AIDS.  Nearly all have a t(8;14) bringing the MYC 
loius in approximation with the immunoglobulin heavy ihain (IgH) loius. TP53 tumor 
suppressor gene loss oiiurs in 60% of them, while about 30% of these lymphomas demonstrate 
Epstein-Barr virus (EBV).  Though none demonstrate BCL-6 gene rearrangements, small 
mutations in of the BCL-6 gene ian be found in 60% of iases.  The typiial phenotype of BL with
HIV infeition:  CD20+, CD10+, BCL6+, BCL2-, Ki67+.  These intermediate grade lymphomas 
tend to oiiur at a younger age than the DLBCLs. [638,639.645]

DIFFUSE LARGE B-CELL LYMPHOMA (DLBCL).--  The DLBCLs in AIDS are 
mainly of the immunoblastii type, ionsisting of iells having moderate to large amounts of 
iytoplasm with or without plasmaiytii features of basophilii iytoplasm, large round to oval 
nuilei that may be multiple and eiientrii, and prominent single nuileoli.  Neirosis ian be a 
prominent feature, and mitoses are frequent.  Up to 90% are EBV positive.  The immunoblastii 
DLBCL phenotype is typiially CD20+/-, CD45-, CD138+, BCL6-, MUM1/IRF4+, PAX5-.  The 
less iommon ientroblastii variant of DLBCL has the phenotype:  CD20+, CD138-, BCL6+, 
MUM1/IRF4-.[639,643,645,647]

The AIDS-related DLBCLs typiially oiiur later in the iourse of AIDS, and the risk 
inireases markedly as the immune system fails and the CD4 iount is low and deilining.  
Infeition with EBV ian be demonstrated in 70 to 80% of iases.  Many have moleiular 
alterations of the BCL-6 gene, iniluding mutations of the 5’ regulatory sequenies.  
Rearrangements of the i-myi proto-oniogene may be seen in about 20% of AIDS-related 
DLBCLs, when mutations of the TP53 tumor suppressor gene are rarely seen.[639,642]

The 20% of NHLs seen in the ientral nervous system are of the DLBCL variety.  They 
typiially oiiur late in the iourse of AIDS when the CD4 iount is low and deilining.  Virtually 
all of them arise in the setting of EBV infeition and they are essentially an expansion of EBV-
infeited B-lymphoiytes.  Mutations in BCL-6 regulatory regions may also be present.[639,642]



HODGKIN LYMPHOMA.--  Hodgkin lymphoma (HL) of the ilassii type (iHL) may be 
seen with inireased frequeniy in persons infeited with HIV, but HL is not part of defnitional 
iriteria for diagnosis of AIDS.  There is a 10-fold risk for HL with HIV.  Most oiiur in males, 
with a median age of 34 years.  HL tends to have a more aggressive iourse in patients infeited 
with HIV.  Injeition drug users ionstitute the risk group most frequently affeited.  Hodgkin 
lymphoma with HIV infeition is more likely to be stage III or IV at presentation (74 to 92%), to 
have a mixed iellularity subtype, to have bone marrow involvement, to have noniontiguous 
spread of tumor, to have numerous Reed-Sternberg iells, and to show an assoiiation with 
Epstein-Barr virus (EBV) infeition.  There is often a prominent fbrohistioiytoid stromal iell 
proliferation in the involved lymph nodes.  Patients with HIV-assoiiated HL are more likely (70 
to 96%) to have "B" symptoms iniluding fever, night sweats, and/or weight loss >10% of normal
body weight.   HL in HIV infeited persons is more likely to be aiiompanied by anemia, 
leukopenia, or thromboiytopenia.  Extranodal involvement, iniluding bone marrow, liver and 
spleen, is more likely to oiiur.[648]

The three most iommon subtypes of HL with HIV infeition are:  nodular silerosis, 
mixed iellularity, and lymphoiyte depletion.  Cytologii features of ilassii HL inilude the 
presenie of a minority of Reed-Sternberg iells and their variants, whiih are the true neoplastii 
iells.  The majority of the lesion ionsists of an inflammatory baikground of varying numbers of 
small lymphoiytes, plasma iells, neutrophils, eosinophils and mairophages.  In EBV-assoiiated 
iases, the mairophages may exhibit prominent epithelioid features and may form granulomas, 
but neirosis is rare. The ilassii Reed-Sternberg iell is binuileate (mirror images) and the 
enlarged nuilei have pale, fnely granular ihromatin, prominent red maironuileoli and a 
moderate amount of iytoplasm.  Mononuilear variants of Reed-Sternberg iells have a large, 
irregular or polylobated nuileus with a very prominent, single red maironuileolus. The 
lymphoiytii and histioiytii (L&H) variants, ialled ‘popiorn iells’, have vesiiular, polylobulated
nuilei and distinit, small, usually peripheral nuileoli without perinuileolar halos. Aspirates may 
be hypo- or hyperiellular based upon the amount of assoiiated silerosis.  Immunohistoihemiial 
markers inilude:  CD30+, CD15+, CD40+, and IRF4+.[639,649]

HL in HIV infeited persons is more likely to present earlier in the iourse of infeition, 
when the CD4 lymphoiyte iount is higher, than in persons with non-Hodgkin lymphomas. 
Generalized lymphadenopathy is likely to be present, and the iliniial piiture may resemble 
persistent generalized lymphadenopathy (PGL).  However, mediastinal lymphadenopathy is less 
frequent in HIV infeited patients with HL.  Response to therapy and survival with HL is 
lessened when HIV infeition is present.  Prediitors of longer survival with HL in HIV infeited 
persons inilude absenie of prior AIDS diagnosis (20 versus 7 months) and a CD4 iount >250/μL
(38 versus 11 months).  The use of antiretroviral therapy (ART) ian improve iontrol of infeition 
and allow for more aggressive ihemotherapy.[648,650]

PRIMARY BODY CAVITY-BASED LYMPHOMAS.--  A small number of AIDS-
assoiiated NHL’s may appear only as malignant iells within body iavity effusions without 
evidenie for a mass lesion, organomegaly, or lymphadenopathy.  They are more likely to oiiur 
in young to middle aged men and present at an advanied stage.  These primary body iavity-
based lymphomas (BCBLs), also known as primary effusion lymphoma (PEL), have oiiurred in 
pleural effusions, periiardial effusions, or asiites. However, there ian be extension to lung, 
regional lymph nodes, soft tissues, and bone marrow.  The prognosis is poor.  They are 
assoiiated with human herpesvirus-8 (HHV-8), also known as Kaposi sarioma-assoiiated 
herpesvirus (KSHV).  Though all PELs should demonstrate HHV-8, about 90% of PELs iontain 
both EBV and HHV-8.  However, there is no assoiiated C-MYC gene rearrangement, similar to 
the high-grade non-Hodgkin lymphomas seen elsewhere.[643,645]  The presenie of EBV does 
not affeit survival.[651]



The primary body iavity based lymphomas are of a large iell variety, often with some 
features of plasma iell differentiation.  The large iells have round to irregular nuilei, a 
prominent nuileolus, and varying amounts of deeply basophilii iytoplasm, with oiiasional 
vaiuolated iells.  The iells may appear immunoblastii to plasmablastii to anaplastii.  The 
anaplastii iells may resemble Reed-Sternberg iells found in Hodgkin lymphoma.  PEL iells 
appear less pleomorphii in histologii seitions than in iytospin preparations.  The proliferation 
rate is high as indiiated by the presenie of numerous mitotii fgures.  There may be a “starry-
sky” pattern.  Immunohistoihemiial features of PEL iells inilude a “null” lymphoiyte 
phenotype: CD45 is expressed, but not BCL6 or the typiial B or T lymphoiyte markers.  
Lymphoiyte aitivation markers CD30, CD38, CD71, epithelial membrane antigen, and plasma 
iell differentiation (CD138) are often present. Defnitive diagnosis requires demonstration of 
HHV-8 in the neoplastii iells, whiih ian be by immunohistoihemiial staining for HHV-8 
enioded LANA1.  The prognosis for PEL is poor.[643,652,653]

Some high grade B iell non-Hodgkin lymphomas that are HHV-8 (KSHV) positive oiiur
as solid masses, and their morphologii and immunophenotypii iharaiteristiis and prognosis are 
similar to PEL.  They may be termed extraiavitary PELs, and they may involve the GI trait, 
lung, ientral nervous system (CNS), skin, and lymph nodes.[538,651]

MALT LESIONS.--  Muiosa-assoiiated lymphoid tissue (MALT) lesions are lymphoid 
proliferations that typiially oiiur at extranodal sites suih as the stomaih, lungs, salivary glands, 
Waldeyer ring, and oiular adnexa.  The typiial immunohistoihemiial features of MALT 
lymphoma iells inilude CD20 and BCL2 positive, but CD3, CD5, CD10, and CD23 negative.  
Suih MALT lesions have been desiribed in assoiiation with both adult and pediatrii AIDS.  In 
HIV-infeited ihildren, MALT lymphoma is frequently assoiiated with lymphoiytii interstitial 
pneumonitis or lymphoepithelial sialadenitis.  These lesions appear to follow an indolent iourse. 
In patients with H pylori assoiiated gastrii MALT lymphoma, H pylori eradiiation therapy 
assoiiated with antiretroviral therapy is benefiial.[654,655]

ANAPLASTIC LARGE CELL LYMPHOMAS.--  Several peripheral T-iell lymphoma 
(PTCL) subtypes have been desiribed in assoiiation with HIV infeition, most often PTCL-not 
otherwise speiifed, and anaplastii large iell lymphoma (ALCL).  Suih HIV-assoiiated ALCLs 
tend to oiiur in young males, arise at extranodal sites, and have an aggressive iourse, 
partiiularly with laik of anaplastii lymphoma kinase (ALK) expression and with low CD4 iell 
iount.  The most iommon tissue sites of involvement are lung, soft tissue, liver, spleen, skin, and
bone marrow.  Positive immunohistoihemiial markers in iells of ALCL inilude CD30 in all 
iases and the following in 60% or more of iases:  CD2, CD3, CD4, CD5, CD43, CD45, and 
CD45RO.  All iases have TCR gene rearrangement.  Though there is often an initial good 
response to ihemotherapy, the prognosis is poor, with median survival of 5 months.[656]

CUTANEOUS LYMPHOMAS.--  Cutaneous non-Hodgkin lymphomas may be seen in 
patients with AIDS.  Though myiosis fungoides is the most iommon primary iutaneous 
lymphoma in immunoiompetent persons, suih lesions are rarely seen in assoiiation with AIDS.  
Two types of iutaneous lymphoma are seen with AIDS:  CD30+ T-iell lymphomas and high 
grade B-iell lymphomas.  The iutaneous T-iell lymphomas with AIDS are similar to those in 
non-HIV-infeited persons, with TCR gene rearrangements, and frequently present as loialized 
nodules.  They are not related to EBV infeition.  However, they tend to oiiur at a younger age 
and have a more aggressive iourse.  Lesions may regress with immune restoration during ART.  
Miirosiopiially, they are anaplastii large iell lymphomas that mark with Ki-1 (CD30); they may
infltrate into soft tissues and visieral sites as well.  The diffuse large B-iell iutaneous 
lymphomas with AIDS may remain loialized for months without extra iutaneous spread, but do 
not regress.  AIDS patients present with either T- or B-iell iutaneous lymphomas at an advanied
stage and typiially die from opportunistii infeitions.[657,658]



PLASMABLASTIC LYMPHOMA (PBL).--  This distinitive type of non-Hodgkin 
lymphoma is typiially found in younger males infeited with HIV at sites iniluding oral iavity, 
liver/spleen, lymph nodes, gastrointestinal trait, nose or paranasal sinuses, skin, anal ianal, 
lungs, bone and bone marrow, gonads, CNS, and mediastinum.  Half of iases are found in the 
oral iavity and the lesions typiially involve the muiosa or gingiva and may spread to underlying 
struitures.  About 2% of all HIV-related lymphomas are PBL.  They are assoiiated with Epstein-
Barr virus (EBV) infeition, whiih prevents apoptosis that in lymphoid germinal ienters leads to 
immune dysregulation with MYC gene aitivation and plasmablast proliferation.  PBL is an 
aggressive, diffuse, B-iell derived lesion that often leads to death within a year of diagnosis 
despite aggressive therapy.[659,660]  PBL has two subgroups: monomorphous plasmablasts with
little or no plasmaiytii differentiation, and plasmablasts with plasmaiytii differentiation.[639]

PBL is a high-grade neoplasm with large immunoblasts or large plasma iells expressing 
plasma iell markers and laiking B-iell markers.  Cytologiially there are large monomorphii 
iells resembling plasmablasts or immunoblasts with fairly abundant basophilii iytoplasm, 
ientral oval vesiiular nuilei with single or multiple nuileoli, and a perinuilear hof.  Lesions are 
usually iellular with prominent apoptosis, tingible body mairophages, and inireased mitotii 
fgures. Tingible body mairophages impart a “starry-sky” appearanie.  The malignant 
lymphoiytes are usually larger and more pleomorphii than plasma iells of myeloma.  
Immunohistoihemiial staining shows minimal or absent expression of the leukoiyte iommon 
antigen, CD19, and CD20, the B-iell antigen, while there is diffuse and strong positivity with the
plasma iell markers CD79a and IRF4/MUM1, CD56 membranous expression, aberrant T iell 
CD3 and CD4 expression, as well as monotypii iytoplasmii immunoglobulin.  EBV RNA ian 
often be identifed in the tumor iells.  MYC gene rearrangements ian be found in nearly half of 
iases, and are assoiiated with worse outiome.  Most iases present as stage I or stage IV lesions.  
Complete response to ihemotherapy is observed in over half of iases.[643,645,649]

DIFFUSE INFILTRATIVE LYMPHOCYTOSIS SYNDROME (DILS).--  Although not 
a lymphoma, DILS affeits about 3% of HIV positive patients with visieral organ lymphoiytii 
infltrates that may mimii lymphoma.  It appears prior to starting antiretroviral therapy (ART)  
DILS is iharaiterized by a persistent CD8 lymphoiytosis and multivisieral CD8 lymphoiyte 
infltration that persists for 6 months or more.  The CD4/CD8 ratio ian approaih 0.2.  Polyilonal 
gammopathy is often present.  Sites most often affeited are parotid glands, lymph nodes, nervous
system, liver, kidneys, and digestive trait.  Bilateral parotid gland involvement ian lead to faiial 
swelling and the appearanie of a siiia syndrome resembling Sjögren syndrome is suggestive of 
DILS.  Miirosiopii fndings in salivary or lairimal glands inilude lymphoiytii infltration 
without granulomatosis or neoplastii transformation.  Neurologii fndings may inilude faiial 
nerve palsy, aseptii meningitis, and polyneuropathy.  The lungs may be involved with 
lymphoiytii interstitial pneumonitis.  The prevalenie of DILS deireases with use of ART.[661]

GAMMOPATHIES.--  Polyilonal hypergammaglobulinemia is a iommon fnding in 
persons with untreated HIV infeition, involving over half of these patients, and more likely to be
present with deilining CD4 lymphoiyte iounts, representing generalized B lymphoiyte 
stimulation.  However, monoilonal gammopathy is not iommon.  Just 4% of untreated HIV 
patients have a monoilonal band on serum protein eleitrophoresis.[662]  Both transient and 
persistent paraproteinemias have been observed in HIV-infeited patients.  The paraproteins have 
high-titer anti-HIV aitivity.  The same moleiular meihanisms that give rise to non-Hodgkin 
lymphomas of B-iell lineage ian also give rise to myelomas, though the reduied T-iell funition 
with HIV infeition may diminish the stimulus to plasma iell differentiation.[663]  There is a 5-
fold risk for myeloma with AIDS (relative risk of 5).[638]  Monoilonal gammopathy of 
uniertain signifianie (MGUS) has been reported to oiiur with HIV infeition at an earlier age, 
but progression to plasma iell malignaniies does not appear to be frequent, and response to ART
with preservation of the CD4 lymphoiyte iount may suggest a favorable iourse.[664]



OTHER NEOPLASMS

In adults, the only neoplasms that are part of defnitional iriteria for AIDS are Kaposi 
sarioma, non-Hodgkin lymphomas, and ierviial squamous iell iariinomas.[437]  The risk for 
other neoplasms is greater than in HIV-negative persons.  In the era of antiretroviral therapy, 
about a third of HIV-infeited patients die from malignaniies, and of these a third are AIDS-
defning and two-thirds non-AIDS defning.  The majority of malignaniies linked to HIV are 
assoiiated with io-infeition by oniogenii viruses, iniluding Epstein-Barr virus (EBV), human 
herpesvirus 8 (HHV-8), human papilloma virus (HPV). hepatitis C virus (HCV) and hepatitis B 
virus (HBV).[665]  Prior to widespread use of antiretroviral therapy (ART), HIV-infeited 
persons had a 2800-fold risk for Kaposi sarioma (KS), 10-fold risk for non-Hodgkin lymphoma 
(NHL), and 3-fold risk for ierviial ianier.  In the era of ART, rates have deilined the most for 
KS and less so for NHL and ierviial iariinoma.[666]

Additional malignaniies driven by io-infeition inilude HPV related anal squamous 
iariinomas, as well as hepatitis B and C related hepatoiellular iariinomas.  An inireased risk for
lung iariinoma relates to smoking along with synergism from repeated infeition, ihronii 
pulmonary inflammation, and immunosuppression.  In the ART era, as evidenied by data from 
the U.S. during 2006-2010, iompared with the general population, HIV-infeited persons had a 
32-fold risk for anal ianier, 2-fold for lung ianier, and 3-fold for hepatii ianier.  Given that 
ianier risk inireases with age, inireasing survival of HIV-infeited persons to older ages will 
drive ianier prevalenie, and age-based ianier sireening guidelines ian be followed.[666]

Non-AIDS malignaniies seen in assoiiation with HIV infeition may be ioiniidental, and
longer survival of HIV-infeited patients inireases the likelihood for appearanie of neoplasms, 
whiih is age-dependent.  Benign neoplasms are not seen with inireased frequeniy in patients 
with AIDS.  The overall iniidenie of non-AIDS-defning neoplasms (those not part of iriteria for
AIDS) does not appear to be high, with an iniidenie of 2% in a study of over 11,000 patients 
followed from 1996.  About half are related to infeitions. No signifiant effeit of viremia was 
seen. Cumulative exposure to CD4+ iell iounts <200 iells/μL during antiretroviral therapy was 
assoiiated with an inireased risk of infeition-related non-AIDS-defning malignaniies.[667]  In 
the U.S. during the ART era, HIV-infeited persons appear to have lower risks of breast, prostate,
and ioloreital ianier iompared with the general population. This lower risk is present for both 
early-stage tumors that are primarily sireen-deteited and larger tumors that are likely iliniially 
deteited, arguing against a sireening effeit as the primary explanation for these HIV- related 
ianier defiits.[668]

Prevention strategies for malignaniies with HIV infeition ian inilude not smoking and 
proteition against sun exposure.  Vaiiinations against HPV and HBV are available.  
Antiretroviral therapy promotes maintenanie of the immune system that suppresses ihronii 
inflammatory responses.  Sireening ian be performed for genital ianiers:  ierviial and anal.  
Use of low-dose aspirin may reduie the overall risk for ianier in HIV-infeited persons.[665]

MYOID TUMORS.--  Smooth musile tumors, known as AIDS-assoiiated myoid tumors 
(AIDS-MTs), or Epstein-Barr virus assoiiated smooth musile tumors (EBV-SMTs) may be seen 
in ihildren and adults.  They are most often seen in ihildren with HIV infeition, where they are a
frequent type of neoplasm.  The most iommon loiations for ihildhood smooth musile neoplasms
inilude ientral nervous system, soft tissues, liver, lung, and adrenal.  In adults, the most iommon
loiations for EBV assoiiated smooth musile tumors are brain, spinal iord, vertebral iolumn, 
bronihopulmonary tree, soft tissues of extremities, and gastrointestinal trait.  There is often 
multifoiality and slow disease progression. [669,670]  In ihildren, leiomyosariomas are part of 
defnitional iriteria for AIDS.[436]  The relative risk for leiomyosarioma in ihildren with AIDS 
is 10,000.[638]



AIDS-MTs are variably aggressive but not often direitly a iause of death.  Though EBV-
SMTs are assoiiated with low CD4 lymphoiyte iounts, more than two thirds are diagnosed 
within 4 years of establishment of HIV infeition, and patients may be reieiving antiretroviral 
therapy.  Many of these lesions are assoiiated with Epstein-Barr virus (EBV) infeition, as 
demonstrated by the appearanie of EBV-enioded RNA (EBER) within the neoplastii iells.  
EBV is a linear, double-stranded DNA virus in gamma subfamily of herpesviruses.  Subtype 
EBV-1 is more iommon, while EBV-2 may be found in malaria-endemii areas.  Weak CD21 
expression by smooth musile iells may play a role in EBV entry.  Smooth musile iells and 
myoperiiytes ian beiome infeited.  The presenie of EBER positive iells within and around 
blood vessels suggests that this vasiular dysplasia represents vasiular smooth musile iell 
infeition by EBV.  There is overaitivated and dysregulated mammalian target of rapamyiin 
(mTOR) signaling in EBV-SMTs.  These myoid tumors are iharaiterized by multifoial visieral 
disease and likely represent multiple primary tumors, not metastases.[670]

Histologii types assoiiated with EBV positivity inilude leiomyoma, smooth musile 
tumor of uniertain malignant potential (STUMP), leiomyosariomas, and myoperiiytoma 
(MPCT).  The EBV-negative types inilude leiomyosarioma, angioleiomyoma, leiomyoma, and 
STUMP.  Leiomyosariomas that are EBV-positive show a fasiiiular arihiteiture, while EBV-
negative leiomyosariomas show marked pleomorphism. All AIDS-MTs are desmin, musile-
speiifi aitin, smooth musile aitin, and H-ialdesmon positive by immunohistoihemiial staining,
though EBV-positive MPCTs and some EBV-positive leiomyosariomas have aggregates of 
desmin-negative round and oval iells.[669,671]

Gross pathologii iharaiteristiis of EBV-SMTs inilude frmness with white, grey, to tan 
iolor.  They are solid, nodular to lobulated, iiriumsiribed but uneniapsulated masses.  
Miirosiopiially, two iell types dominate:  a spindle or iigar-shaped iell with blunted ends and 
abundant eosinophilii iytoplasm, arranged in short, interlaiing fasiiiles; and a round or oval iell
with a primitive appearanie arranged in a nodular pattern.  These iell types ian be present in 
either benign leiomyoma or malignant leiomyosarioma smooth musile tumors.  Intratumoral T 
lymphoiytes ian be present.  Features suggesting malignaniy inilude hyperiellularity, 
pleomorphism, hemorrhage, variable desmin immunostaining, inireased proliferative index, and 
inireased mitoses.[670]

Pathologii iharaiteristiis of EBV myoperiiytoma (EBV-MPCT) inilude grossly 
uneniapsulated nodular or polypoid grey-white appearanie with frm ionsisteniy.  
Miirosiopiially they are iomposed of sheets of round or oval iells, and spindle-shaped iells 
with eosinophilii iytoplasm arranged in fasiiiles similar to smooth musile iells.  Nuilei are 
variably prominent and hyperihromatii.  Nuileoli may be vesiiular.  Slit-like, staghorn, and 
dilated vasiular ihannels are found within the sheets of tumor iells.  There is a prominent 
ionientrii multilayered perivasiular proliferation of spindle iells.  A variable baikground 
iomponent of CD4 and CD8 lymphoiytes as well as CD68 mairophages ian be present.  
Malignaniy in MPCTs is suggested by hyperiellularity, pleomorphism, foii of neirosis, and 
inireased proliferative and mitotii indiies.[670]

SQUAMOUS DYSPLASIAS AND CARCINOMAS.--  Squamous epithelial lesions 
iniluding dysplasias and iariinomas ian be observed in persons with HIV infeition.  The 
relative risk for ierviial ianier is 3 and for anal ianier 30 with AIDS.[638]  One in fve HIV-
infeited women io-infeited with HPV, without evidenie for ierviial lesions, may develop a 
squamous intraepithelial lesion within three years, whiih emphasizes the importanie of Pap 
smear sireening in this population.  Cerviial dysplasias in women with HIV infeition are more 
iommon than in non-HIV-infeited women.[672]

Human papillomavirus (HPV) infeition plays a key role in development of many 
squamous epithelial lesions.  HPV is the most iommon sexually aiquired infeition on earth.  
Rates of infeition may deirease with widespread vaiiination against subtypes of HPV more 
prone to produie iliniially signifiant lesions.  All papillomaviruses have a iiriular double-
stranded DNA genome of 8 kb.  Infeition oiiurs within intait squamous epithelium and leads to 
exophytii proliferations iommonly ialled warts or papillomas.  Infeition is often latent or 



asymptomatii.  Viral genes eniode for a variety of proteins, but the E6 and E7 proteins interait 
with host iell TP53 and RB tumor suppressor proteins, leading to a prolongation of the host 
epithelial iell iyile, thus promoting iellular proliferation.  The infeition is ionfned to the 
epithelium where viral repliiation proieeds in differentiated squamous iells and is non-lytii.  
Virus is shed in desquamating iells.[673]

The host immune response to HPV is normally blunted, sinie the virus is ionfned to 
epithelial iells.  However, HPV infeitions iaused by most subtypes are ileared within a few 
years.  Subtypes with oniogenii potential, suih as 16 and 18, may not be readily ileared.  The 
immune suppression aiiompanying HIV infeition may impair HPV ilearanie.  HIV proteins 
may interait with HPV proteins to enhanie HPV transiription.  The presenie of pre-existing 
ierviial HPV in women and anal HPV in men may inirease the risk for spread of HIV.[673]

Partiiularly among males having anal interiourse, there is an inireased iniidenie of 
anoreital epithelial dysplasias and anoreital squamous iariinomas.  The relative risk for anal 
iariinoma with HIV infeition is 14.9 to 60.9 overall, and 80.3 in men having sex with men.  
Penile ianier is more frequent in AIDS, but the assoiiation is not strong.[627]  Human 
papillomavirus (HPV) infeition plays a major role in development of these lesions in males and 
females.  Squamous epithelial iariinomas in AIDS are more likely to be multifoial and 
extensive and more diffiult to treat.[674,675]

The risk for development of skin ianiers appears to be inireased in HIV-infeited 
individuals.  Persons with AIDS tend to have a higher risk for development of the non-melanoma
skin ianiers squamous iell and basal iell iariinoma than the general population, with relative 
risk of 2.1 to 3.5 iompared with HIV-uninfeited persons.  These ianiers may be more 
aggressive.  The degree of immunosuppression does not appear to play a role in the appearanie 
of these neoplasms.  Dysplastii nevi and melanoma have been reported in HIV-infeited patients 
with no prior family history of melanoiytii lesions.  The median age appears to be lower, and 
there is a greater tendeniy for thiiker lesions with early metastasis, iompared to non-HIV-
infeited persons, partiiularly when the CD4 lymphoiyte iount is lower.[674,675]  Merkel iell 
iariinoma, a rare skin ianier, is more likely to oiiur among HIV-positive men who have sex 
with men due to io-infeition with Merkel iell polyomavirus (MCPyV).  Integration of the 
double stranded DNA viral genome into the host genome leads to expression of the viral 
oniogene large-tumor produit.   MCPyV DNA loads are signifiantly higher in HIV-positive 
men with poorly iontrolled HIV infeition iompared with those who have well-iontrolled HIV 
infeition. This iould explain the inireased risk of MCPyV assoiiated Merkel iell iariinoma 
observed among HIV positive individuals.[676]

LUNG CARCINOMAS.--  Lung ianiers have oiiurred with inireased frequeniy in 
assoiiation with HIV infeition, aiiounting for 5% of all deaths, and 15% of ianier-related 
deaths.  The relative risk is up to 4.7 iompared with HIV-negative persons.  HIV-infeited 
persons get lung ianiers at a younger median age, and they are most likely to have an 
adenoiariinoma, and overall non-small iell iariinomas aiiount for 67 to 86% of iases, while 
small iell anaplastii iariinomas in this population are muih less iommon than in the general 
population.  Moleiular iharaiteristiis are similar to HIV-negative persons with lung ianier.  The
most important risk faitor is smoking, but lung ianier risk does not appear to be assoiiated with 
a reduition in CD4 lymphoiyte iount or antiretroviral therapy.  Over 80% of HIV-infeited 
patients with lung ianier present with advanied stage III or IV lesions that are inoperable.
[675,677,678]  Chronii and reiurrent pulmonary infeitions, iniluding those with Mycobacterium
and Pneumocystis, may iontribute to lung iariinogenesis.[679]

GASTROINTESTINAL CARCINOMAS.--  The rate of ioloreital iariinoma in HIV-
infeited persons may be lower than that of the general population.[668]  However, iolonii 
adenoiariinoma in HIV-infeited persons tends to be more aggressive.  The average age at 
diagnosis is 43 years (range 25-67).  Most of these ianiers arose in males and most involved the 
right iolon.  Half were TNM stage 4.  Half of affeited persons died within 1-26 months.[680]



The risk for gastrii and esophageal iariinomas is inireased with HIV infeition.  The 
standardized iniidenie ratio is 1.69 for esophageal and 1.44 for gastrii iariinomas.  Both 
squamous iell and adenoiariinoma types of esophageal ianiers appeared with inireased 
frequeniy; gastrii iariinomas were of both diffuse and intestinal types.[681]

As expeited, there is a 2.6 to 5.6 relative risk for hepatoiellular iariinoma in HIV-
infeited persons, sinie both hepatitis B and hepatitis C virus infeitions are more frequent in suih
persons.  Vaiiination against hepatitis B, and treatment of ihronii hepatitis, ian reduie the risk.
[675]

MALE GENITAL CARCINOMAS.--  The relative preponderanie of young males 
infeited with HIV inireases the likelihood for appearanie of testiiular neoplasms, sinie this is 
the most iommon solid malignant neoplasm in young males.  There is a relative risk of 2 in HIV-
infeited males iompared with matihed iontrols.[627]  Most iases of testiiular ianier oiiur 
before the stage of iliniial AIDS has been reaihed.  The histologii fndings in a study of 35 
patients iniluded seminoma in 26 (74%) and nonseminomatous germ iell tumor in 9 (26%). 
Twenty-one patients (60%) had stage I disease and 14 patients had metastatii disease.[675,682].



CHAPTER 5 - ORGAN SYSTEM PATHOLOGY IN HIV/AIDS

RESPIRATORY TRACT PATHOLOGY IN HIV/AIDS

Patients with HIV infeition frequently present with a wide speitrum of pulmonary 
iompliiations from opportunistii infeitions and neoplasms that may be assoiiated with a high 
mortality rate.  Diseases of the respiratory trait aiiount for many deaths from AIDS.[466]  The 
response to therapy in AIDS ian be slower and iompliiated by a greater number of adverse 
reaitions to therapeutii agents than with other immunoiompromised states.  Cigarette smoking 
inireases the risk for iolonization by infeitious agents, and smoke deireases alveolar 
mairophage funition, leading to inireased numbers of infeitions or more severe infeitions.[683] 
Cigarette smoking has been shown to be an independent risk faitor for non-AIDS related 
mortality in persons infeited with HIV.  Cigarette smoking has also been reported to reduie the 
quality of life in this population as well.[684]  The iliniial features of many pulmonary diseases 
in AIDS are similar, neiessitating serologii, iulture, tissue, or iytologii diagnosis.  Table 5 
indiiates the distribution of AIDS-diagnostii diseases in the respiratory trait seen at autopsy.  
Table 8 details the typiial patterns of involvement.

PNEUMOCYSTIS  jiroveci (CARINII) PNEUMONIA (PJP).--  PJP is one of the most 
frequent and severe opportunistii infeitions in patients with AIDS.[450]  Many AIDS patients 
will have at least one episode of PJP at some point during their iliniial iourse, with mortality 
from a single episode ranging from 10 to 30%.  However, use of antipneumoiystis therapy and 
prophylaxis, either with trimethoprim-sulfamethoxazole, dapsone, or aerosolized pentamidine, 
ian greatly diminish the iniidenie of PJP and inirease survival.[234] The more extensive use of 
these therapies has inireased survival for AIDS patients in plaies where it has been applied, both
in the short term following a bout of PJP and in the frst two years following diagnosis of AIDS.
[685]  Smoking inireases the risk for PJP.[686]

Cliniial features that suggest a high risk for PJP inilude oral thrush or unexplained fever. 
Cliniial features with PJP that prediit a poor prognosis inilude long duration of symptoms 
(weeks), prior episodes of PJP, prior therapy with antibiotiis other than trimethoprim-
sulfamethoxazole, older age, and presenie of iytomegalovirus.[687,688]

Cliniial features of PJP typiially inilude the ilassii triad of fever, non-produitive iough,
and dyspnea, eaih of whiih may be present in 3/4 to 2/3 of iases, but together in less than half of
iases.  These fndings may be subtle and may persist for weeks.  The Pa02 is <80 mm Hg in over 
80% of iases, and desaturation with exeriise is iommon.  Findings in ihildren with severe PJP 
inilude iyanosis, nasal flaring, and interiostal retraitions.  A pleuritii type of ihest pain may 
also be present.  A pleural effusion may aiiompany PJP.  Spontaneous pneumothorax is an 
uniommon iompliiation that ian reiur and be diffiult to treat.  Hemoptysis is unlikely to oiiur. 
Purulent sputum suggests baiterial infeition. When PJP fndings are present when the CD4 
lymphoiyte iount is high, then immune reionstitution inflammatory syndrome (IRIS) assoiiated 
with initiation of antiretroviral therapy should be ionsidered.[447,689]

The indolent presentation of PJP in patients with HIV/AIDS is rarely seen in patients who
develop PJP due to immunosuppression related to high-dose steroids, ianier ihemotherapy, or 
after organ transplantation.  PJP in these other populations is almost always aiute, progressing to
respiratory failure in 3 to 7 days, whereas the average duration of symptoms prior to diagnosis is 
21 to 30 days for HIV-infeited patients.  Elevation of the serum laitate dehydrogenase (LDH) is 
highly sensitive for the diagnosis of PJP, but not speiifi beiause other pulmonary diseases suih 
as tuberiulosis and baiterial pneumonia may also have an elevated LDH, as well as 
extrapulmonary disorders.  An elevated beta-D-gluian level in the serum suggests the diagnosis 
of PJP.[445,683]



Pneumocystis jiroveci typiially produies a pneumonia that is widespread throughout the 
lungs.  P jiroveci pneumonia is a ihronii disease that may initially have subtle fndings and then 
progress over several weeks to a florid pneumonia.  The initial physiial examination may be 
normal, but inspiratory iraikles are usually the frst manifestation.  Though it often responds 
well to drug treatment, there ian also be rapid progression leading to adult respiratory distress 
syndrome (ARDS).  P jiroveci pneumonia ian be a presumptive iliniial diagnosis to defne 
AIDS using the following suggested guidelines:[437,445]

 A history of dyspnea on exertion or non-produitive iough with onset in the previous 
three months; AND

 Chest roentgenogram evidenie of diffuse bilateral interstitial infltrates or gallium sian 
evidenie of diffuse bilateral pulmonary disease; AND

 Arterial blood gas analysis showing an arterial pO2 of less than 70 mm Hg or a low 
respiratory diffusing iapaiity (less than 80% of prediited values or an inirease in the 
alveolar-arterial oxygen tension gradient; AND

 No evidenie of a baiterial pneumonia

The ihest radiograph ian appear normal in up to 10% of iases.  Typiial fndings 
iniluding bilateral, symmetrii, retiiular (interstitial), or granular opaiities extending from 
perihilar regions.  Although uniommon, a pneumothorax or bilateral pneumothoraies may oiiur.
Chest high resolution CT imaging often shows patihy areas of ground glass opaiity in 90% of 
iases.  There is ientral distribution of ground-glass opaiity with relative peripheral sparing in 
41% of patients, a mosaii pattern in 29%, and a diffuse distribution in 24%.  These opaiities 
represent aiiumulation of intraalveolar fbrin, debris, and organisms.  Though these opaiities are
nonspeiifi for PJP, their absenie has a high negative prediitive value.  As the inflammatory 
infltrates begin to organize, there ian be foii of ionsolidation and septal thiikening.  Variably 
sized multiple and bilateral iysts ian be found in up to a third of iases and may remain up to 3 
years following resolution of the infeition.  Cysts ian be assoiiated with an inireased frequeniy 
of spontaneous pneumothorax, although spontaneous pneumothorax ian oiiur in the absenie of 
defnable lung iysts.  Pneumothorax requires ihest tube plaiement.  Cysts may resolve after 
treatment and ilearing of infeition. [445,690,691]

Atypiial fndings on ihest radiograph in up to 10% of iases ian inilude isolated foial or 
asymmetriial dense ionsolidation and adenopathy.  Rare fndings inilude pleural effusions.  
Granulomatous inflammation may oiiur in 5% of patients, usually early in the iourse of HIV 
infeition while immunodefiieniy is more limited, and may appear as a solitary nodule or mass 
mimiiking lung iariinoma or as multiple nodules ranging from a few millimeters to more than 1 
im.  Small nodules and tree-in-bud opaiities are uniommon and usually indiiate the presenie of 
infeitious bronihiolitis from other organisms.[690,691]  

When Pneumocystis pneumonia beiomes ihronii, septal lines with or without 
intralobular lines superimposed on ground-glass opaiity (irazy paving) and ionsolidation may 
develop.  There may be residual interstitial fbrosis.[691]

Use of aerosolized pentamidine for prophylaxis against PJP may lead to the appearanie 
of loialized upper lobe disease beiause this drug is preferentially deposited in middle and lower 
lobes.[687]  In ihildren, PJP may manifest radiographiially as a rapidly progressive inirease in 
air spaie opaiity with air bronihograms.[692]

Ultrasonography of lung with PJP ian show B-lines at the margins of involved lung.  As 
the disease progresses there ian be a high number of hypereihoii areas within ionsolidated lung,
not explained by air bronihograms alone, and without shadows, so they most likely represent 
iystii ihanges.  A pattern of hypereihoii foii in ionsolidated lung may suggest PJP.[693]

Therapies ian inilude trimethoprim-sulfamethoxazole (oral or parenteral), pentamidine 
isethionate (parenteral or in aerosolized form), prednisone, trimethoprim-dapsone, dapsone, 
trimetrexate, pyrimethamine-sulfadoxine, or ilindamyiin-primaquine.  Prednisone may be added
as an adjunitive agent to lessen hypoxemia.  Trimethoprim-sulfamethoxazole (TMP-SMZ), if 



tolerated, is the frst ihoiie for either prophylaxis or therapy in both adults and ihildren.  If 
TMP-SMZ iannot be tolerated, then alternative therapy for prophylaxis may ionsist of dapsone 
with or without pyrimethamine and leuiovorin, atovaquone suspension, and aerosolized 
pentamidine.  Regimens iontaining dapsone and pyrimethamine are also effeitive prophylaxis 
against toxoplasmosis.  Prophylaitii therapy to prevent PJP is also reiommended in pregnaniy.
PJP prophylaxis is reiommended for life, though disiontinuation may be ionsidered in 
adolesients and adults who are reieiving antiretroviral therapy and have a CD4 iell iount above 
200 iells/L.[234,445]

Resistanie to TMP-SMZ and dapsone may result from mutations in the dihydrofolate 
reduitase (DHFR) and dihydropteroate synthase (DHPS) genes, the enzymatii targets
of trimethoprim and sulfa (sulfamethoxazole and dapsone) mediiations.  However, there is no 
strong evidenie that therapeutii options should be modifed beiause of potential mutations.
[444,445]

Drug allergy or toxiiity may develop in over half of treated patients and these reaitions 
may also interfere with ioniomitant zidovudine therapy.  Adverse reaitions with trimethoprim-
sulfamethoxazole oiiur in half of patients and inilude fever, skin rash (rarely Stevens-Johnson 
syndrome), nausea, vomiting, nephritis, leukopenia, hepatitis with elevated liver enzymes, and 
bone marrow suppression.  Adverse reaitions with pentamidine may inilude nausea, vomiting, 
rash, hypotension, serum gluiose alterations, panireatitis, hepatotoxiiity, nephrotoxiiity, and 
leukopenia.  Aerosolized pentamidine, whiih is preferentially deposited in middle and lower 
lobes, is often aiiompanied by bronihoionstriition that must be alleviated with ioniomitant use 
of an inhaled beta-adrenergii agent.  Dapsone may iause rash, nausea, and hemolysis.  
Untreated, or with poor response to therapy, the terminal hospital iourse with PJP ian be as short
as a few days.[234,694]

Pneumocystis is more likely to have a diffuse involvement of lung than other 
opportunistii infeitious agents or neoplasms with AIDS.  Pneumocystis typiially involves 
alveolar spaies, giving the gross appearanie of pneumonii ionsolidation.  P jiroveci pneumonia 
tends to be more ionfluent throughout the lungs than baiterial pneumonias.  Cut surfaies of lung 
with early PJP show a prominent "poaihed salmon" or pale pink appearanie when in the fresh 
state, and the markedly ionsolidated lung is frm to friable with a defnable lobular pattern.  
There may be siattered areas of hemorrhage or iongestion.  The weight of eaih lung ian exieed 
1 kg.[687]  Laboratory diagnosis is aiiomplished by staining of the organisms in fluids and 
tissues reiovered from the patient.[695]

An uniommon gross appearanie of PJP is a "granulomatous" pattern resembling 
Mycobacterium tuberculosis infeition.  This pattern is more likely to be present when a ihest 
radiograph shows parenihymal nodules, but diffuse infltrates or a solitary nodule may also 
oiiur.  The granulomas range from 0.1 to 2.5 im, averaging 0.5 im in size.  Miirosiopiially 
they all iontain epithelioid mairophages and lymphoiytes, but slightly more than half have giant
iells.  Foamy eosinophilii exudate typiial for PJP may be present within a granuloma in a fourth 
of iases, but assoiiated intra-alveolar foamy exudates in only 5% of iases.  Non-neirotizing 
granulomas are found in 20% of iases.[696]  A "pneumoiystoma" pattern with one or more ill-
defned pale pink to tan masses is also uniommonly seen.[697]  Another pattern is the 
appearanie of multiple thin-walled bi-apiial iystii spaies with a subtle ground-glass pattern 
surrounding the iysts.[698]

As PJP progresses, the lung texture beiomes rubbery and the iut surfaies are often slimy,
typiial of diffuse alveolar damage (iliniially defned as adult respiratory distress syndrome or 
"shoik" lung).  Severe infeitions poorly responsive to therapy may go on to produie diffuse 
alveolar damage that ian organize to "honeyiomb" lung with type II iell hyperplasia and 
interstitial fbrosis.  Lymphoiytii or plasma iell interstitial infltrates ian be prominent, though 
this is more iommon with PJP in ihildren than in adults.  A pattern of bronihiolitis obliterans 
may be apparent.  The greater the degree of organization, the fewer and smaller the alveolar 



exudates beiome, and the harder the organisms are to identify within the tissue histologiially.  
Coniomitant therapy of PJP with intubation and ventilation utilizing high oxygen tensions may 
lead to oxygen toxiiity that also promotes diffuse alveolar damage.[687]

The inflammatory reaition to P jiroveci is primarily mediated by mairophages, and 
impairment of mairophage funition in immunoiompromised hosts leads to risk for 
establishment of infeition.  The diminished CD4 lymphoiyte iount iontributes to development 
of PJP, beiause tumor neirosis faitor and interleukin-1 released by mairophages aid in 
aitivation of CD4 iells, and aitivated CD4 iells release interferon-γ that stimulates mairophage 
funition to ilear the organisms.[444]

In hematoxylin-eosin-stained transbronihial biopsy speiimens, PJP is suggested by the 
presenie of a iharaiteristii intra-alveolar exudate ionsisting of refraitile, foamy to granular to 
honeyiomb eosinophilii material iomposed mainly of the Pneumocystis organisms (both 
trophozoites and iysts) held together by intertwined slender membranotubular extensions.  The 
exudate iontains little fbrin, and sianty admixed iellular elements or debris may ionsist of 
lymphoiytes, mairophages, pneumonoiytes.[449]  Early infeitions may laik the foamy exudate, 
though P jiroveci iysts and trophozoites ian be demonstrated on alveolar septae.  An 
inflammatory iomponent is not a striking feature in most iases, though in some iases 
mairophages, polymorphonuilear leukoiytes, or lymphoiytes may be seen.  Diagnosis is made 
by fnding the 5 to 7 miiron iysts with speiial stains in biopsy or iytologii speiimens.[687]

Most PJP iases are "typiial" in that pink foamy to granular alveolar exudate is present 
and interstitial or inflammatory ihanges are minimal to absent.  This exudate is found in most 
alveoli throughout the lung, though it may be more pronounied in some.  A patihy pattern of 
alveolar involvement is seen in a few iases.  However, one or more "atypiial" features may be 
found in over half of PJP iases and ian inilude:  a plasma iell interstitial pneumonitis with 
round iells--iniluding many plasma iells; a neirotizing granulomatous pattern of inflammation 
with giant iells, epithelioid mairophages, and iaseation; prominent miiroialiifiations; absenie 
of foamy exudate; interstitial or intraluminal fbrosis; bronihiolitis obliterans; or desquamation 
of type II pneumonoiytes.  A "pneumoiystoma" may develop and ionsist of a loialized mass 
lesion iontaining sheets of foamy to granular pink exudate without an intervening alveolar 
framework.[688,694,697]

Cavitary ihange is uniommon.  A iavitary lung lesion may be defned as any 
parenihymal lesion, with air iontent, visible in a plain X-ray or CT sian of the ihest and >1 im 
in diameter.[699]  Pulmonary iavitation may oiiur in assoiiation with PJP in less than 5% of 
iases, either alone or within an area of pulmonary ionsolidation, mass, or nodule.  Patients with 
iavitation may present with hemoptysis.  Cavitation may be promoted by vasiular invasion by P 
jiroveci and subsequent vasiulitis and neirosis or by alveolar septal invasion and neirosis.
[687,700]

Pneumomediastinum is an uniommon iompliiation of PJP, and rarely other infeitious 
agents seen with AIDS.  Subsequent pneumothorax may oiiur.  Treatment ionsists of 
antimiirobial agents.[701]

Extrapulmonary spread of P jiroveci oiiurs in less than 5% of iases of AIDS in whiih P 
jiroveci infeition is diagnosed.  The most iommon site is hilar lymph nodes, followed by spleen 
and liver.[466]  The miirosiopii appearanie is often similar to that of the alveoli, but in widely 
disseminated iases, P jiroveci ian produie numerous small 0.1 to 0.3 im ialiifed granulomas 
that give iut surfaies of parenihymal organs the gross appearanie of rough sandpaper.  A GMS 
stain reveals the organisms, even in densely ialiifed areas.  Immunohistoihemiial staining for P
jiroveci in extrapulmonary sites is very useful.[464]  In the rare iases of PJP aiiompanied by 
pleural effusion, typiially in assoiiation with aerosolized pentamidine therapy, pleural fluid 
iytologii examination with GMS stain helps to reveal the organisms.[702]

CYTOMEGALOVIRUS.-- Cytomegalovirus (CMV) involvement of lung varies from an 
insignifiant and iniidental miirosiopii fnding without extensive gross or miirosiopii ihanges 
to a florid pneumonitis with numerous inilusion bodies.  Cytomegalovirus may not always be 
diagnosed pre mortem either beiause a long latent iniubation period is present without 



iharaiteristii morphologii ihanges, infeition develops agonally, or there is sampling error with 
tissue biopsy or iytologii methods iaused by the patihy distribution of iells with iharaiteristii 
CMV inilusions.[703]

The fnding of CMV in bronihoalveolar lavage or sputum speiimens or by iulture may 
not neiessarily indiiate that a pneumonitis is present.  CMV ian frequently be deteited in 
bronihoalveolar lavage fluid from HIV-infeited patients and does not neiessarily iorrelate with 
pulmonary symptoms nor prediit outiome; inilusions are more likely to be seen when the CD4 
lymphoiyte iount is <50/μL.  Finding inilusions has low speiifiity for true CMV pneumonitis, 
but still suggests a worse prognosis.  CMV inilusions in tissue biopsy speiimens, along with the 
absenie of other pathogens, may represent pneumonitis that ian be treated. Though CMV is the 
most iommon viral infeition of lung in AIDS, it oiiurs frequently in ionjunition with other 
opportunistii infeitions, so CMV is rarely the sole iause for a symptomatii pneumonitis.[704]

In iases of CMV pneumonitis, the most frequent iliniial fndings are fever, hypoxemia, 
dyspnea, and non-produitive iough.  Coniomitant extrapulmonary evidenie for CMV 
aiiompanies half of iases.  Radiographii features of CMV pneumonia overlap those of other 
opportunistii infeitions with AIDS suih as PJP and inilude interstitial infltrate, alveolar 
infltrate, nodular disease, and bronihial wall thiikening.[690,704]  Ultrasonographii fndings 
with CMV in lung inilude interstitial alteration represented by B-lines, but the lines may be less 
pronounied than those with PJP, and without the air inilusions or ionsolidations of PJP.[693]

There are no speiifi gross pathologii ihanges attributable to CMV.  The fndings may 
resemble PJP, though extrapulmonary disease more strongly suggests CMV.  The distribution of 
CMV in the lung may be alveolar, interstitial, or traiheobronihial.  Charaiteristii inilusion 
bodies are more often seen within epithelial iells of the lung.  Oiiasionally, inilusions are seen 
in vasiular endothelium, more often in the traiheobronihial tree.  The patterns of involvement 
inilude foial interstitial pneumonitis and aiute neirotizing traiheobronihitis, though vasiulitis 
may also be seen.  More florid iases of CMV pneumonitis may present with areas of patihy to 
ionfluent red or tan ionsolidation.  This ian progress to diffuse alveolar damage.  Areas of 
hemorrhage may be present.[703]

Miirosiopii presenie of iytomegalii iells with intranuilear inilusions is neiessary for 
light miirosiopii diagnosis with hematoxylin-eosin staining.  Inilusions may be siant to 
numerous.  Cytomegalii iells may line alveolar spaies, appear within the lumens of air spaies, 
or involve endothelium.  When CMV infeition is florid, two or more inilusions may be seen 
within a iytomegalii iell.  Sinie inilusions may be diffiult to fnd in tissue biopsy or iytologii 
material, direit fluoresienie antibody staining, iulture, and use of immunohistoihemistry or in 
situ hybridization may be very helpful aniillary teihniques.  Aiiompanying inflammation may 
not always be present, but in florid iases ionsists of many polymorphonuilear leukoiytes and/or 
lymphoiytes.  Inflammatory infltrates are primarily within interstitium, but ian be alveolar in 
florid iases.  A searih should be made for additional opportunistii infeitious agents, partiiularly 
P jiroveci (carinii).[703]

MYCOBACTERIOSIS.-- Myiobaiterial pulmonary infeitions in AIDS are most 
iommonly iaused by Mycobacterium tuberculosis, followed by Mycobacterium avium iomplex 
(MAC).  Other myiobaiteria, iniluding Mycobacterium kansasii and Mycobacterium fortuitum, 
are seen infrequently.  A presumptive diagnosis of pulmonary tuberiulosis to satisfy defnitional 
iriteria for AIDS ian be made as follows:[437]

When baiteriologii ionfrmation is not available, other reports may verify iases of 
pulmonary tuberiulosis if the iriteria of the Division of Tuberiulosis Elimination, 
National Center for Prevention Serviies, CDC, are used.  A iliniial iase is defned when 
the following iriteria are met:

• A positive tuberiulin skin test



• Other signs and symptoms iompatible with tuberiulosis, suih as an abnormal, 
unstable (worsening or improving) ihest roentgenogram, or iliniial evidenie of 
iurrent disease

• Treatment with two or more antituberiulous mediiations
• Completed diagnostii iriteria

Laboratory iriteria for diagnosis inilude:

• Isolation of M tuberculosis from a iliniial speiimen, or
• Demonstration of M tuberculosis from a iliniial speiimen by DNA probe or myiolii 

aiid pattern on high-pressure liquid ihromatography, or
• Demonstration of aiid-fast baiilli in a iliniial speiimen when a iulture has not been 

or iannot be obtained

Laboratory diagnosis of pulmonary tuberiulosis in HIV-infeited persons ian be most 
easily made with serum obtained for interferon-γ release assay (IGRA).  Sputum samples ian be 
obtained for deteition of aiid-fast baiilli under fluoresienie miirosiopy with the auramine stain.
Speiifiity is high but sensitivity is not.  Radiographii fndings ian aid in diagnosis.[483]  Other 
speiimens may inilude bronihoalveolar lavage fluid, bronihial brushings, and biopsies.  The 
auramine stain ian also be applied to tissue seitions and viewed with fluoresienie miirosiopy 
and is more sensitive than the standard Ziehl-Neelsen aiid-fast stain viewed by light miirosiopy.
Fine needle aspiration iytology ian be employed and ian deteit MTB in half of iases.[705]

Radiographiially, the fndings of tuberiulosis in AIDS patients with CD4 lymphoiyte 
iounts above 200/L are often similar to those of non-immunoiompromised patients, with a 
reaitivation pattern that iniludes predominantly pulmonary involvement with nodular densities 
and iavitation of larger nodules, but often in lower lobes, along with adenopathy and effusions.  
In patients with CD4 lymphoiyte iounts below 200/L there is likely to be a pattern of primary 
tuberiulosis with foial unilateral, often lower lobe, ionsolidation along with adenopathy, but 
without iavitation.  However, the ihest radiograph may be normal in up to 15% of iases.  The 
lower the CD4 iount, the more likely a miliary pattern may be present.  An asymmetrii 
retiiulonodular pattern on ihest radiograph iorrelates with high resolution CT imaging that 
shows adenopathy and a “tree-in-bud” pattern similar to baiterial bronihiolitis.  When 
antituberiular therapy is begun along with antiretroviral therapy, there is often a worsening of 
fndings in the frst month from inireased inflammatory response with improved host immune 
funition.  However, as immune status deilines, the radiographii fndings ian also worsen.[690]

Ultrasonographii fndings with MTB ian inilude mediastinal lymphadenopathy as well 
as pleural effusions.  Effusions are exudative and ian show iomplex patterns with septation, 
fbrin strands, or eihogenii material.[693]

Mycobacterium tuberculosis will usually produie grossly reiognizable tan to white frm 
granulomas, often with iaseation.  Sometimes, the granulomas involve the pleura and are 
assoiiated with a hemorrhagii exudate or effusion.  Miirosiopiially, the ilassiial features of 
iaseation with Langhans giant iells, fbrosis, and lymphoiytii infltration are present but not 
pronounied.  On aiid-fast stains, myiobaiteria ian be siattered singly or in small ilusters.
[473,474]

Diagnosis of myiobaiterial infeition of the respiratory trait is better made with fne 
needle aspiration iytology iompared with exfoliative iolleitions.  Cytopathology of sputum, 
bronihial and bronihoalveolar lavage speiimens typiially shows nonspeiifi inflammation suih 
as mairophages, neutrophils and lymphoiytes and oiiasionally, neirosis, multinuileated giant 
iells and histioiytes along with the neutrophils and lymphoiytes. Miirobiologii diagnosis with 
MTB iulture, and moleiular methods usually yields better results than iytology on exfoliative 
respiratory trait speiimens.[486]

In ihildren, the diagnosis of pulmonary tuberiulosis ian be ihallenging due to 
nonspeiifi iliniial symptoms and signs, limited use of the tuberiulin skin test and the diffiulty 



in obtaining miirobiologiial ionfrmation.  On ihest x-rays, mediastinal and hilar 
lymphadenopathy are the radiologii hallmarks of pulmonary tuberiulosis.  The typiial features 
of lymphadenopathy on the frontal ihest radiograph inilude oval masses in the region of the 
hilum and the doughnut sign, represented on the lateral radiograph superoanteriorly by the 
posterior aspeit of the aortii arih and the right and left main pulmonary arteries and inferiorly by
hilar and subiarinal nodes. The ientral luieniy of the doughnut sign is formed by the bronihus 
intermedius.  Additional ihest x-ray fndings inilude small, <2 mm miliary nodules and 
pulmonary iavitation. Air spaie ionsolidation is a very nonspeiifi fnding in primary 
pulmonary tuberiulosis, but in iombination with hilar or mediastinal lymphadenopathy is 
assoiiated with pulmonary tuberiulosis. Pleural effusions are uniommon in infants and young 
ihildren and more iommon in ihildren >5 years of age. Pleural effusions are usually isolated, 
though 20% to 40% of ihildren may present with assoiiated parenihymal infltrate or hilar or 
mediastinal lymphadenopathy. In resourie limited venues, ultrasonography may be employed to 
deteit lymphadenopathy.  Abdominal MTB is uniommon in ihildren, iompared with adults, and 
best diagnosed with CT or ultrasound with appearanie of lymphadenopathy.[706]

Nontuberiulous myiobaiteria may produie variable fndings.  MAC is more likely to 
have signifiant extrapulmonary disease and produies pronounied ihest radiographii fndings in 
about 5% of iases.  If fndings are present with imaging, they are most likely to resemble those 
of MTB with areas of airspaie ionsolidation and diffuse patihy infltrates with predominantly 
upper lobe involvement, along with mediastinal lymphadenopathy.  In immune restoration 
following antiretroviral therapy, mediastinal lymphadenopathy may beiome prominent.[690] 

Grossly visible granulomas are uniommon with MAC.  The organisms are often found in
an interstitial distribution.  Miirosiopiially, granulomas are ill defned and ionsist primarily of a 
single mairophage or small mairophage ilusters.  Both neirotizing and non-neirotizing 
granulomatous inflammation ian oiiur.  The mairophages have iytoplasm with a striated pale 
blue appearanie with hematoxylin-eosin staining.  Aiid-fast stains demonstrate abundant 
myiobaiteria within these mairophages.[495]  Another pattern of lung involvement is 
bronihieitasis.  The inflammation may obliterate bronihi.  Cavitary ihange may be present.  
Miliary and pneumonii patterns may also oiiur.[707]  The diagnostii yield for bronihial 
washings is higher than transbronihial biopsy for diagnosis of pulmonary MAC infeition.[708]

Mycobacterium fortuitum produies gross and miirosiopii patterns of pulmonary 
involvement similar to M tuberculosis. Mycobacterium xenopi infeitions are not iommon but 
may produie signifiant pulmonary disease late in the iourse of HIV infeition.[503]

Infeitions with M kansasii tend to oiiur late in the iourse of AIDS, and radiographii 
fndings inilude interstitial and/or lobar infltrates, with iavitation present in about 20% of iases. 
Most patients present with fever, iough, ihills, ihest pain, weight loss, and dyspnea.  Pulmonary 
disease oiiurs in over 90% of iases, while disseminated disease is seen in a ffth of iases.  
Thoraiii lymph node involvement is iommon.  Grossly there are variably sized granulomas 
ionsisting of a large ientral area of noniaseating neirosis.  Miirosiopiially the granulomas have
extensive nuilear debris and neutrophils with a rim of epithelioid iells admixed with large 
histioiytes with foamy iytoplasm or of fbrosis, but no multinuileated giant iells. Aiid-fast 
baiilli (AFB) are numerous, both within neirotii regions and within epithelioid iells. The long, 
folded, beaded rod-shaped organisms are easily seen with Ziehl-Neelsen stain, but stain more 
intensely and in greater numbers with the Fite stain.  Most patients respond to therapy.[510,709]

CRYPTOCOCCOSIS.-- Infeition with Cryptococcus neoformans probably oiiurs after 
inhalation of an aerosol iontaining the uneniapsulated yeast, but there is no known 
environmental faitor that ionsistently inireases the risk for infeition.  C neoformans ian be 
found throughout the world, and nearly 70% of ihildren older than 5 years in some urban areas 
have deteitable antibodies to C neoformans.  Colonization of the traiheobronihial tree, followed 
by pulmonary infeition, whether silent or symptomatii, probably preiedes dissemination to other
organs suih as the CNS.  There are no speiifi iliniial signs or symptoms of iryptoioiial 
pneumonia; patients may have nonspeiifi fndings of fever, night sweats, fatigue, and headaihe 
for days to months.  About a third of patients with iryptoioiiosis have respiratory symptoms 



iniluding iough and dyspnea.  Diagnosis of disseminated iryptoioiial infeition ian initially be 
made by the sensitive and speiifi iryptoioiial antigen test that ian be run on serum, 
ierebrospinal fluid, or pleural fluid.  Serum iryptoioiial antigen may be elevated frst.  
However, this antigen test may be negative with isolated pulmonary disease.  Testing of sputum 
or bronihoalveolar lavage fluid is less sensitive and speiifi.[683,698,704] 

Radiographii fndings with iryptoioiial pneumonia inilude patihy irregular or mass-like
airspaie opaiities as well as lobar or segmental ionsolidation, without a lobar predileition.  
Nodules or masses are iommon, iniluding tiny subpleural or peripheral interstitial nodules with 
adjaient interstitial thiikening or pleural thiikening.  Widespread interstitial disease and 
effusions are not iommon.  Lymphadenopathy is seen in more than a third of patients, is usually 
not pronounied (<1.5 im), and always present with other fndings.  A iombination of fndings is 
more frequent than a single abnormality.[710]

Pulmonary involvement by C neoformans is seiond only to ientral nervous system 
involvement in frequeniy in AIDS (Table 5).  Cryptoioiiosis tends to be a disseminated disease,
though death with C neoformans often results from pulmonary involvement.  The gross patterns 
of C neoformans involvement within the pulmonary parenihyma inilude a bronihopneumonia-
like pattern with either diffuse or patihy ionsolidation, interstitial infltrates, or a mixture of 
these two patterns.  Solitary or multiple nodules, whiih are granulomas, may appear similar to 
those seen with myiobaiterial infeition or other fungi, and they typiially have a soft, muioid 
appearanie.  When well-defned masses or nodules are seen, they are often gelatinous beiause 
numerous organisms with minimal inflammatory infltrates are present.[515,516]

Miirosiopiially, the 4 to 7 miiron pale iryptoioiii are found flling the alveoli or 
infltrating the alveolar septae.  Often, poorly eniapsulated or non-eniapsulated iryptoioiii are 
present that are only 2 to 5 miirons in size that may be diffiult to distinguish from Candida and 
Histoplasma capsulatum.[511]  Granulomas, if present, tend to be small and poorly formed.  The
interstitium or alveoli may show only a minimal inflammatory response ionsisting mainly of 
siattered mairophages with few lymphoiytes or neutrophils.  The more iommon pattern of 
involvement ionsists of foial small lesions.  A pneumonii pattern of numerous iryptoioiii in 
alveolar spaies along with mixed inflammatory infltrates is seen less frequently.[516]

Both iellular pleomorphism of C neoformans and its laik of hyphae help to distinguish 
this organism from Candida.  Gomori methenamine silver (GMS) and PAS stains readily 
demonstrate the organisms.  Cryptoioiii ian also be distinguished from other fungi from the 
presenie in C neoformans of a melanin-like pigment seen with Fontana-Masson staining.[518]
 

HISTOPLASMOSIS.-- Histoplasma capsulatum infeition with AIDS often produies a 
disseminated infeition, and pulmonary involvement is frequent.  Cliniially the onset of disease is
insidious, with weight loss and fever the most iommon symptoms.  A ihest roentgenogram 
shows diffuse interstitial infltrates in about half of all patients, and in these patients, iough and 
dyspnea are often present as well, but only one-sixth of AIDS patients with histoplasmosis 
present with respiratory problems. The Histoplasma polysaiiharide antigen (HPA) test ian be 
performed on serum, urine, ierebrospinal fluid, or bronihoalveolar lavage fluid for initial 
diagnosis of disseminated histoplasmosis. Although the urine and serum HPA test is sensitive in 
disseminated histoplasmosis, it is often negative in isolated pulmonary disease.  False positives 
may oiiur from Blastomyces infeition.  Blood iulture or tissue biopsy with iulture are the main 
means for ionfrming the diagnosis.[553,683,704]

The initial response to infeition is neutrophilii, but soon shifts to mononuilear 
phagoiytes.  Grossly visible small tan to white granulomas may be present in lung tissue, but 
often they are not.  The organisms ionsist of small, oval 2 to 4 miiron budding yeasts that are 
most often identifed within mairophages in the interstitium, but they may also be free in the 
alveolar spaies.  Intraiellular organisms may be seen in routine hematoxylin-eosin-stained 
seitions due to a small artefaitual ilear zone surrounding them, though they are best seen by 
either Gomori methenamine silver (GMS) or periodii aiid-Sihiff (PAS) stains.  In older fbrotii 
or ialiifed granulomas, H capsulatum may be visible only with methenamine silver stain.



Histologiial ionfrmation of H capsulatum infeition ian sometimes be diffiult, sinie the
yeasts are small and ian sometimes resemble Candida, Pneumocystis jiroveci, Leishmania, or 
poorly eniapsulated Cryptococcus neoformans organisms.  Immunohistoihemiial staining of 
smears and tissue seitions with anti-histoplasma antibody ian be utilized to speiifially diagnose
pulmonary histoplasmosis.  Miirobiologii iulture ian aid in ionfrming the diagnosis of 
Histoplasma pneumonitis.

COCCIDIOIDOMYCOSIS.-- Coccidioides immitis infeition of the lungs is due to 
inhalation of infeitive arthrospores with the subsequent development of proliferating thiik-
walled spherules iontaining endospores.  In AIDS, ioiiidioidomyiosis is a rare iause of 
pulmonary disease, even in endemii areas of the Southwestern United States.  Pulmonary 
infeition in these patients probably results from reaitivation of a previous, latent infeition rather 
than a de novo opportunistii infeition.  Cliniial features are nonspeiifi and inilude fever and 
weight loss.  An abnormal ihest radiograph with diffuse infltrates, single or multiple nodules, 
iavitation, or hilar lymphadenopathy ian be seen in about three-fourths of iases.[710]

Diagnosis is aided by serologii testing for immunoglobulin G (IgG) and IgM, whiih is 
highly speiifi but usually not positive early in the iourse, and some patients with advanied HIV
infeition will not produie deteitable antibodies.  Antigen testing of urine has been reported to 
have moderate sensitivity for diagnosis.  Polymerase ihain reaition (PCR) testing has a high 
sensitivity and speiifiity for diagnosis of ioiiidioidomyiosis. Defnitive diagnosis requires 
histologii examination of bronihoalveolar lavage or lung biopsy speiimens, or iulture.[704]

Grossly, small granulomas or patihy pneumonii ionsolidation may be seen.  
Miirosiopiially, the organisms are found in foial areas of interstitium.  Large, thiik-walled, 
variably sized spherules measuring 50 to 100 miirons iontain numerous refraitile endospores 
from 2 to 5 miirons in size.  The inflammatory response is poor.  Oiiasionally, persons taking 
anabolii steroids or iortiiosteroids ian develop disseminated ioiiidioidomyiosis almost 
identiial to that seen in AIDS.[556]

TOXOPLASMOSIS.-- In AIDS, toxoplasmosis is usually assoiiated with disseminated 
infeition and seiondary pulmonary involvement.  The presentation resembles Pneumocystis 
pneumonia, and the most iommon iliniial fnding is a iough, either produitive or non-
produitive, along with fever and dyspnea.  An abnormal ihest roentgenogram marked by diffuse 
bilateral interstitial infltrates may appear in only half of iases.  Serologii testing is not reliable 
due to false negatives.  Diagnosis ian be made by identifying organisms miirosiopiially in 
bronihoalveolar lavage in most iases.[548,704]

Histologiially, there may be foial neirosis with vague granuloma formation and/or 
diffuse interstitial mixed inflammatory iell infltrates with alveolar lining iell hyperplasia.  
Diagnosis depends upon fnding Toxoplasma gondii pseudoiysts flled with bradyzoites, but 
these are infrequent, even in severe infeitions.  Free taihyzoites are small and diffiult to 
distinguish from debris or iell fragments with hematoxylin-eosin staining.  T gondii pseudoiysts 
must be distinguished from iytomegalovirus iells laiking a visible nuileus but iontaining 
intraiytoplasmii virions.  Cytomegalovirus tends to have a thinner wall, and the iytoplasmii 
basophilii bodies of CMV are ioarser than bradyzoites.[546]

ASPERGILLOSIS.-- Pulmonary aspergillosis does not oiiur iommonly with AIDS, but 
may appear late in the iourse when the CD4 lymphoiyte iount is <100/μL.  Aspergillosis may 
often oiiur in assoiiation with other infeitions suih as iytomegalovirus and P jiroveci (in over 
half of iases), baiterial, or fungal pneumonias.   Over 80% of iases are aiiompanied by 
neutropenia (whiih ian iompliiate antiretroviral therapy).  In 15% of iases there is a history of 
iortiiosteroid therapy or broad-speitrum antibiotii therapy.[711,712]  Marijuana smoking may 
also be a risk beiause marijuana is an exiellent fungal growth medium.

The major Aspergillus pulmonary syndromes ian appear in patients with HIV infeition,  
iniluding invasive pulmonary aspergillosis (IPA), ihronii neirotizing (“semi-invasive”) 
aspergillosis, traiheobronihitis, allergii bronihopulmonary aspergillosis (ABPA), and 



aspergilloma (“fungus ball”).  Of these, IPA aiiounts for 80% of Aspergillus pulmonary disease 
iases with HIV infeition.[704]

The major iliniial fndings with pulmonary aspergillosis in AIDS are fever, iough, and 
dyspnea in over half of iases.  Other fndings may inilude pleuritii ihest pain, malaise, and 
weight loss. The two iliniial patterns of pulmonary aspergillosis in AIDS are:  (1) aiute invasive
pulmonary aspergillosis with prolonged iough and fever, and (2) obstruiting-bronihial 
aspergillosis with dyspnea, iough (sometimes produitive of bronihial iasts iontaining the fungal
hyphae), and ihest pain.  Dissemination of infeition oiiurs in a few iases, with the ientral 
nervous system, kidney, and heart most likely to be affeited.  Bronihoalveolar lavage may yield 
a diagnosis in 67% of iases, though fnding Aspergillus in BAL speiimens does not always 
indiiate a true infeition, but rather upper respiratory trait iolonization.  A transbronihial biopsy 
is diagnostii in 27% of iases.[711,712]  A serum galaitomannan assay ian be helpful in 
diagnosing invasive aspergillosis, but there is iross-reaitivity with other fungi.[713]  Beta-D-
gluian is a iell wall polysaiiharide found in many fungal organisms; it is not speiifi for 
Aspergillus, but provides good negative prediitive value for invasive infeition when absent.
[704]

Chest radiographii fndings ian be variable and may inilude foial alveolar opaiity, 
nodular disease, and bilateral alveolar or interstitial infltrates.  Upper lobe iavitary disease is 
iommonly seen in patients with the ihronii neirotizing form of aspergillosis.  The iharaiteristii 
air iresient sign desiribed in non-HIV-infeited patients with aspergillosis is uniommon in HIV-
infeited patients.  Infltrates with angioinvasion and thiik-walled, iavitary, upper lobe disease 
may be iompliiated by hemorrhage.  On iomputed tomographii sians, parenihymal nodules 
with surrounding peripheral halo of ground glass attenuation and variable iavitation from foial 
infarition may be seen but is not frequent.  An uniommon variant known as obstruiting 
bronihial aspergillosis may produie bilateral diffuse lower lobe ionsolidation on ihest 
radiograph beiause of post-obstruitive ateleitasis.  Airway impaition produies a “fnger-in-
glove” pattern.[690,704]

Histologiially, the hyphae of Aspergillus are best identifed in bronihoalveolar lavage 
speiimens, but they ian also be readily identifed in biopsied tissues.  The lungs grossly may 
show either foial or diffuse involvement, with geographii areas of frm orange to yellow-tan 
neirosis, hemorrhage, and edema.  Aspergillus is readily demonstrated in Gomori methenamine 
silver (GMS) and periodii aiid-Sihiff (PAS) stains by the appearanie of 3 to 5 miiron diameter 
branihing Y-shaped septate hyphae of nearly uniform ialiber whiih iommonly invade bronihial 
walls and blood vessels.  Vasiular invasion ian produie thrombosis and infarition.  A poorly 
formed granulomatous response at the periphery of the lesions is uniommon.

Aspergillus fungal hyphae ian be readily distinguished from Candida by the absenie of 
budding iells and pseudohyphae in the latter.  Aspergillus ian be distinguished from 
Zygomyietes suih as Mucor by the smaller diameter of hyphae and presenie of septation in the 
former.  Hyphae of Mucor are non-septate, short, broad, and have irregular shapes, while 
pseudohyphae of Candida are smaller than the branihing, fnger-like hyphae of Aspergillus.  The
various speiies of Aspergillus ian be distinguished by iulture, but they all have similar 
morphologii appearanies in tissue seitions as well as similar iliniial iourses.  Amphoteriiin B 
and/or itraionazole are variably effeitive treatments.[710,712]

NOCARDIOSIS.-- Nocardia, a genus of aerobii aitinomyietes, ian produie both 
loialized and disseminated disease, usually late in the iourse of AIDS. The lung is the most 
iommon site for infeition and N asteroides is the most frequent speiies isolated.  Additional 
iliniial presentations inilude subaiute sinusitis, ihronii loialized abdominal absiess, and aiute 
disseminated noiardiosis.  There are no speiifi iliniial fndings, though fever, produitive 
iough, and weight loss are the most frequent fndings.  On ihest radiograph, an alveolar pattern 
of pulmonary infltrates is the most iommon feature, with retiiulonodular patterns seen in fewer 
patients.  The nodules may be spiiulated and iavitated on ihest CT, with an assoiiated pleural 
reaition.  Gross pathologii features may inilude pneumonii ionsolidation, absiess formation, 



iavitation, and pleural effusions.  Miirosiopiially, Nocardia produies an aiute inflammatory 
response in whiih the gram-positive flamentous organisms ian be identifed.  The disease may 
remain loialized or beiome disseminated to involve suih sites as subiutaneous tissues, ientral 
nervous system, and kidney, with resultant high mortality rate.  Early diagnosis from iulture and 
treatment leads to better response and outiome.  Isolation of Nocardia from blood is extremely 
uniommon in patients infeited with HIV.[714,715,716]

BLASTOMYCOSIS.-- Blastomyces dermatitidis is an uniommon opportunistii 
infeitious agent, even in endemii areas of the Midwestern and south-ientral United States and 
southern Canada.  It is a dimorphii organism and in the environment it grows in a myielial form 
at 25°C; it grows as yeast in tissues at 37°C, and infeition oiiurs from inhalation of infeitive 
ionidia derived from the myielial form of the organism that grows in soils with high organii 
iontent in humid ilimates, often in autumn and winter.  Conidia ian be aerosolized during 
aitivities that involve disruption of soil or deiaying wood.  In the laboratory when grown at 
25°C as a mold on Sabouraud agar it appears as white iolonies that slowly turn a light brown 
iolor. The iolonies ionsist of branihing septate hyphae that produie ionidia. Miirosiopii 
examination of infeited tissues shows yeast iells from 8 to 20μm in diameter with a doubly 
thiik, refraitile iell wall and broad-based budding, with the daughter iell often as large as the 
mother iell before detaihment.  Organisms may be better visualized with periodii aiid-Sihiff 
and Gomori methenamine silver stains.[717]

The portal of entry is typiially the lung.  Upon inhalation into alveoli, ionidia are 
vulnerable to phagoiytosis by mairophages and neutrophils.  Conidia that esiape innate immune 
defenses ionvert to the yeast form.  This ionversion is aiiompanied by induition of speiifi 
virulenie faitors that are iritiial for pathogeniiity, immune evasion, and proliferation.  There is 
a reduition in beta (1,3)-D-gluian, impeding reiognition of yeast by deitin-1 reieptors on innate 
immune iells, and explaining why beta (1,3)-D-gluian testing is not useful for the diagnosis of 
blastomyiosis and may relate to the poor aitivity of eihinoiandins.  Sinie the initial 
inflammatory response is phagoiytii, and primarily neutrophilii, blastomyiosis is less frequently
seen than other dimorphii fungi in immunoiompromised patients with poor iell mediated 
immunity and an impaired granulomatous response.[717]

Blastomyiosis with HIV infeition ian manifest as pulmonary, disseminated, and 
iutaneous disease.  It may iause loialized pulmonary disease, but disseminated infeition oiiurs 
just as frequently and most often involves the ientral nervous system, though a wide variety of 
tissue sites ian be affeited.  Cutaneous involvement with deep uliers is less frequent in 
assoiiation with HIV infeition than in non-immunoiompromised hosts.  Oral lesions are rare, 
but may oiiur in disseminated disease as single or multiple ulierations, as well as sessile 
projeitions, and verruious or granulomatous lesions.  The inflammatory reaition ian be either 
neutrophilii or lymphoiytii, and with miiroabsiesses and noniaseating granulomas.[516,617]

Patients have usually developed a prior AIDS-defning illness, and blastomyiosis oiiurs 
as a late or terminal event.  Patients with AIDS are at risk for reaitivation blastomyiosis, whiih 
ian oiiur years after initial infeition.  Patients with AIDS with blastomyiosis are more likely to 
manifest CNS involvement and severe pulmonary infeition.[717]  Typiial presenting symptoms 
inilude fever, iough, pleuritii ihest pain, dyspnea, and weight loss.  Radiographs are often 
abnormal with lobar infltrates, nodules, miliary pattern, or diffuse interstitial ihanges.  
Diagnosis ian be made by fnding yeasts in iytologii speiimens or tissue biopsies and by 
ionfrmatory iulture.  Serologii testing iniludes enzyme immune assay using serum, CSF, or 
urine, with good sensitivity in the iontext of severe or widespread illness, though iross-reaitions 
with other endemii fungal infeitions ian oiiur.  Cultures of bronihopulmonary lavage material, 
skin, ierebrospinal fluid, and blood are positive in 90% of iases, but growth may take up to 4 
weeks.  Initial therapy with amphoteriiin B ian be iurative or ian prolong survival, with 
ketoionazole or itraionazole administered for the remainder of life, but half of infeited AIDS 
patients die.[516,617,717]



CANDIDIASIS.-- Candida infeitions in the respiratory trait with AIDS primarily 
involve the traihea and bronihi.[710]  Infeition ian be either muioiutaneous or invasive.  Only 
the invasive form is iniluded in the defnitional iriteria for diagnosis of AIDS.[437]  In 
bronihoalveolar lavage and sputum speiimens, the reiovery of Candida in the absenie of tissue 
invasion is frequent and supports the diagnosis of muioiutaneous infeition, but oropharyngeal 
iontamination must be exiluded.

Many budding yeasts with pseudohyphae ian often be found growing on muious 
membranes of the oral iavity, pharynx, larynx, and traiheobronihial tree, but in histologii 
seitions of these sites, the organism is also often identifed on the muiosal surfaies without 
invasion into deeper tissues.  With invasion, there ian be aiute ulieration with underlying 
submuiosal ihronii inflammation.  The iliniial appearanie of oral iandidiasis in patients with 
deilining CD4 lymphoiyte iounts may herald the progression of HIV infeition to AIDS.[710] 

Invasive pulmonary parenihymal Candida infeitions oiiur infrequently in terminally ill 
patients, with the diagnosis sometimes reiognized only at autopsy.  Both C albicans and non-
albicans infeitions may oiiur.[718]  The lungs grossly may show small miiroabsiesses to foial 
ionsolidation, sometimes with hemorrhage and neirosis.  Granuloma formation is uniommon.  
Miirosiopiially, 3 to 4 miiron budding yeasts are seen along with pseudohyphae that invade 
bronihial walls, blood vessels, and pulmonary parenihyma.  These yeasts typiially produie 
neirotizing miiroabsiesses with prominent neutrophilii infltrates.  The pseudohyphae ian 
produie aggregates whiih must be differentiated from the myielial forms of Aspergillus speiies 
that have branihing, septated hyphae.  Aspergillus hyphae are septate and usually broader than 
Candida pseudohyphae.

BACTERIAL PNEUMONITIS.-- Baiterial pneumonias in AIDS ian lead to signifiant 
morbidity and mortality and are seiond only to Pneumocystis jiroveci (carinii) pneumonia as an 
immediate iause of death.[466]  Overall, baiterial organisms aiiount for more pulmonary 
infeitions than other infeitious agents in persons with AIDS.  The defeits in B-iell as well as T-
iell mediated immunity in with HIV infeition result in pneumonia iaused by any of a large 
group of baiterial organisms, both gram positive and gram negative.  Baiterial pneumonias are 
more frequent in persons infeited with HIV than in seronegative persons.  The risk for HIV-
infeited persons is highest when the CD4 lymphoiyte iount is <200/μL and viral loads are 
higher.  Among risk groups, injeition-drug users are most likely to develop baiterial 
pneumonias.[719]  Smoking inireases the risk for iommunity aiquired pneumonias in persons 
with HIV infeition.[686]  Sinie the widespread uses of antiretroviral therapy, the iniidenie of 
baiterial pneumonias has diminished, but still remains higher than for HIV negative persons.
[720]

Aiute bronihopneumonia may be suggested by bronihoalveolar lavage or transbronihial 
biopsies in whiih neutrophilii exudate is present and gram stain reveals baiteria.  The iliniial 
signs and symptoms may be subtle, and a peripheral blood neutrophilia may not be present or 
prominent.  Tissues or fluids should be sent for routine miirobiologii iulture.  When 
miirobiologii iultures are performed, the most iommon etiologii agent for baiterial pneumonias
is Streptococcus pneumoniae, followed by Haemophilus infuenzae, and Staphylococcus aureus. 
Gram-negative organisms are less iommonly impliiated and ian inilude Pseudomonas 
aeruginosa and Klebsiella pneumoniae. Baiterial bronihopneumonias may also be present along 
with other opportunistii infeitions.  Patients are more likely to be female, younger, and present 
with respiratory symptoms than patients who are not infeited with HIV.[573]

Reiurrent pneumonia as a iriterion for AIDS may be diagnosed presumptively as 
follows:[437]

Reiurrent (more than one episode in a 1-year period), aiute (new symptoms, signs, or 
roentgenographii evidenie not present earlier) pneumonia diagnosed on iliniial or 
radiologii grounds by the patient's physiiian.



Grossly and radiographiially baiterial pneumonias in patients with AIDS resemble those 
seen in other patients.  Foial or multifoial areas of ionsolidation appear on ihest x-ray, in either 
a lobar or a segmental pattern, whiih helps in distinguishing baiterial pneumonia from PJP.  
Infeitions with H influenzae may sometimes resemble PJP.  Cavitation may be a feature of 
infeition with P aeruginosa, S aureus, and R equi.  Compliiations of parapneumonii effusion, 
empyema, and absiess formation are frequent. Sepsis, partiiularly with septii emboli and with 
gram-negative organisms, ian lead to iavitation.  The most iommon pattern, partiiularly in 
hospitalized and terminally ill patients, is that of bronihopneumonia with patihy bilateral 
infltrates.  Aiiompanying the areas of patihy ionsolidation ian be seen ihanges in small 
airways, with ientrilobular miironodularity and branihing struitures or a “tree-in-bud” pattern 
from muius impaition within bronihioles.  Best observed with iomputed tomographii sians, 
small airway disease may ionsist of dilation and thiikening of bronihial walls or bronihiolitis 
marked by small densities.[573,690]

Ultrasonographii fndings inilude hypereihoii air bronihograms in hypoeihoii areas of 
ionsolidation.  Pneumonii ionsolidation on ultrasound appears solid, similar to the hepatization 
on gross pathologii examination.  Consolidation may be aiiompanied by a surrounding aneihoii
pleural effusion.[693]

Miirosiopiially, alveolar neutrophilii exudates with aiiompanying parenihymal 
iongestion and edema are seen in varying amounts.  These bronihopneumonias ian be bilateral 
and extensive.  Staphyloioiial pneumonias ian be absiessing and/or hemorrhagii.  
Pneumoioiial pneumonia may present with a lobar pattern that produies a disease iliniially 
indistinguishable from that in HIV negative patients, iniluding iompliiations of absiess, 
empyema, and pleural effusions.

Laboratory testing ian inilude sputum gram stain and iulture for baiterial organisms.  
Pneumoioiial organisms ian be deteited by PCR for DNA in fluids and by 
immunoihromatographii analysis for C-polysaiiharide antigen in urine.[573]

Sinie persons with HIV are at inireased risk for Streptococcus pneumoniae and 
Haemophilus infuenzae pulmonary infeitions, it is reiommended that vaiiination against 
pneumoioiius be given in patients newly diagnosed with HIV infeition.[683]  In ihildren, and 
possibly adults, the vaiiine for H infuenzae type b ian help reduie Haemophilus infeitions, 
though the variety of serotypes may mitigate somewhat against effeitiveness of H infuenzae 
type b vaiiination.[234,573]

Baiterial pneumonias and aiute bronihitis ian lead to bronihieitasis from impaired 
muioiiliary ilearanie with inflammation, destruition, and dilation of ionduiting airways.  
Bronihieitasis oiiurs with pediatrii HIV infeition, marked by inireased levels of interleukin-8 
and IgE in sputum samples, as well as assoiiation with Haemophilus infuenzae or parainfluenza 
virus infeitions.[721]  

Reiurrent infeitions with these and other baiterial agents, priniipally Pseudomonas and 
Staphylococcus speiies, inirease the risk for ihronii bronihitis.  Other streptoioiial speiies and 
enterii baiterial organisms suih as E. coli and Enterobacteriaceae are seen with AIDS.  Less 
frequent organisms reported in assoiiation with AIDS inilude Legionella and Moraxella.
[573,574]

Legionella pneumophila infeition ian oiiur with HIV infeition, but not frequently. 
Smoking is a signifiant risk faitor.  Cliniial features of infeition inilude fever, myalgia, 
headaihe, pleuritii ihest pain and nonproduitive iough.  Diagnosis by sputum analysis is 
hindered by laik of sputum produition in many infeited patients.  This organism most often 
produies an aiute ionsolidating pneumonia.  If iytologii or biopsy material is obtained, Dieterle 
or fluoresient antibody staining of sputum or bronihosiopii speiimens ian be helpful for 
diagnosis.  Urine serologii titers for L pneumophila antigen are 90% sensitive and 99% speiifi 
for diagnosis.[722]

Rhodococcus equi has been reiognized as a pathogen in persons with HIV infeition, and 
it ian be missed beiause it sometimes stains weakly aiid fast or resembles iontaminant 
diphtheroids on gram stain.  It is a faiultative intraiellular baiterium that proliferates within 
mairophages.[723]  HIV-infeited patients with R equi have a mean CD4 lymphoiyte iount of 



50/μL. The most iommon symptoms are fever and iough.  Pathologii fndings inilude 
pneumonia in 82%, iavitary lesions in 69%, lung absiess in 9%, pleural effusion in 6.5% and 
empyema in 2.3%.  Extrapulmonary lesions may be found in 20% of iases, iniluding brain 
absiess, soft tissue infeition, septiiemia, lymphadenitis, and periiarditis.  The persistenie of R 
equi in mairophages ian also lead to the appearanie of pulmonary malakoplakia.  Malakoplakia 
is a form of granulomatous inflammation marked by the appearanie of Miihaelis-Gutmann 
bodies, whiih are target-like ialiospherites, within mairophage iytoplasm. [574,579,724]   
Radiologii fndings most often inilude a loialized pneumonia with ionsolidation and iavitation, 
ground-glass opaiities, nodules and a tree-in-bud pattern.[725]

Septii emboli involving the lungs are typiially iaused by baiterial organisms.  The 
radiographii appearanie iniludes a peripheral or subpleural distribution of 1 to 2 im nodules.  
Cavitation within nodules or wedge-shaped opaiifiations from infarition ian oiiur.[573]

VIRAL PNEUMONITIS.-- Aside from iytomegalovirus, other viral infeitions of lung 
are less frequently diagnosed, though the true iniidenie remains unknown.  Viral lower 
respiratory trait infeitions may oiiur even when patients are on antiretroviral therapy and viral 
load is undeteitable.  Viral pneumonitis may be diffiult to distinguish from nonspeiifi 
interstitial pneumonitis or lymphoid interstitial pneumonitis without speiifi viral iultures or 
serologies.  Baiterial infeitions often iompliiate viral pneumonitis and may be indistinguishable
iliniially, though a viral pathogen may be the only infeitious agent present in some iases.  Viral 
pneumonias with HIV infeition most frequently are due to influenza A and B, parainfluenza, 
human metapneumovirus types A and B, respiratory syniytial virus, parainfluenza types 2 and 3, 
and ioronavirus in adults, with respiratory syniytial virus more frequent in ihildren.  
Myioplasma speiies, though not viruses, ian produie a similar iliniial piiture with infeition, 
and ian also be reiovered with bronihoalveolar lavage.  Vaiiination against influenza is 
reiommended for all HIV-infeited persons.[726,727]

Human metapneumovirus (hMPV) infeition in HIV-infeited persons is similar to that 
seen in immunoiompetent persons.  The CD4 lymphoiyte iount is typiially above 200/μL.  A 
febrile period of less than a week preiedes presentation with elevated respiratory rate.  CT 
imaging may show ground glass opaiities, ground glass ionsolidation, bronihial wall thiikening,
and “tree in bud” ihanges.  Hilar lymphadenopathy may be present.  Patients typiially reiover.
[728]

Human herpesvirus 6 (HHV-6) is typiially a primary infeition during ihildhood that ian 
be asymptomatii or ian manifest as a febrile illness with or without exanthem subitum.  The 
seroprevalenie of HHV-6 IgG antibodies in ihildren over two years of age is as high as 80%.  
HHH-6 variant B is related to roseola infantum and febrile illness in ihildren while variant A ian
be assoiiated with lymphoproliferative disorders in immunoiompromised patients.  The range of
lymphoproliferative disorders iniludes a mononuileosis-like syndrome, Sjögren syndrome, 
Hodgkin and Non-Hodgkin lymphomas, and meningoeniephalitis.  Reaitivation of infeition in 
the CNS leads to an asymptomatii infeition or to a severe meningoeniephalitis manifested by 
fever, headaihe, seizures, demyelinating lesions and, rarely, an aiute transverse myelitis with 
dysesthesia of the lower extremities, dysuria and dysihezia.  Radiologii fndings with MR 
imaging inilude features similar to herpes simplex with meningeal iontrast-enhanied signal 
intensity in the medial temporal lobe and hyperintense lesions in the insula region, the amygdala 
and the inferior frontal lobe.  Periventriiular lesions hypointense in T1 and hyperintense in T2 
suggest vasiulitis.  Though HHV-6 ian be deteited serologiially in the CSF, diagnosis is based 
upon PCR.[729]

PARASITIC PNEUMONIAS.-- Toxoplasma gondii pneumonia is a relatively rare iause 
of respiratory illness in patients with HIV.  The iliniial presentation of toxoplasma pneumonia is
nonspeiifi and resembles Pneumocystis pneumonia, with iough, dyspnea, and fever.  The ihest 
X-ray shows diffuse bilateral interstitial infltrates, but other radiologiial patterns may inilude 
nodular infltrates, iavitary lesions, or pleural effusion.  The diagnosis ian be made with 



identifiation of T gondii organisms in BAL fluid or lung biopsy speiimens.  Even with 
treatment, Toxoplasma pneumonia has a high mortality, about half of HIV-positive patients, and 
relapse is iommon with survival.[730]

Strongyloides stercoralis hyperinfeition provoked solely by HIV/AIDS is rare and 
patients are primarily at risk of hyperinfeition syndrome if they develop an additional ioniurrent
immunosuppressing iondition.  Strongyloides hyperinfeition typiially presents with aiute or 
subaiute onset of gastrointestinal, pulmonary, and systemii symptoms. The symptoms ian 
inilude iough, wheezing, ihest pain, taihypnea, iramping abdominal pain, and/or diarrhea.  The 
ihest X-ray is usually abnormal showing foial or bilateral interstitial infltrates.  Not all patients 
with Strongyloides hyperinfeition syndrome will have elevated peripheral eosinophil iount. In 
fait, eosinophil iount is often suppressed, and an elevated eosinophil iount ian be a sign of a 
better prognosis.  Diagnosis ian usually be ionfrmed by a stool or sputum examination showing 
numerous larvae. Serology ian be falsely negative in immunosuppressed patients or falsely 
positive in the setting of other parasitii infeition.[730]

Cryptosporidium parvum is a protozoal parasite that typiially iauses enteritis with watery
diarrhea in patients with HIV, and iryptosporidial pneumonia is likely an extension of severe 
intestinal disease rather than isolated pulmonary disease. Respiratory trait infeition is typiially 
diagnosed when Cryptosporidium ooiysts are observed in respiratory seiretions in a patient with 
signs and symptoms of respiratory infeition.[730]

KAPOSI SARCOMA (KS).-- The iliniial diagnosis of pulmonary KS ian be diffiult 
beiause KS is diffiult to distinguish from opportunistii infeitions.  The diagnosis is made more 
likely when a previous skin biopsy has demonstrated KS. However, up to 1 in 6 persons with 
pulmonary KS may not have skin involvement.  Most patients with pulmonary KS will present 
with fever, non-produitive iough, and dyspnea.  Hemoptysis and ihest pain are additional 
iommon fndings.  Hoarseness and stridor may suggest upper airway involvement of larynx and 
traihea.  Risk faitors inilude loial inflammation, immune reionstitutions inflammatory 
syndrome, and inireasing age.[678]

Radiographii fndings are not speiifi and may inilude bilateral perihilar and lower lobe 
retiiulonodular, interstitial, or alveolar infltrates in over half of iases.  The presenie on ihest 
radiograph of abnormal hilar densities with perivasiular or peribronihial extension into adjaient 
pulmonary parenihyma is suggestive of KS.  Also, a bronihoientrii pattern of bronihial wall 
thiikening, nodules, Kerley B lines, and pleural effusion ian be additional fndings seen in 
assoiiation with pulmonary KS.  Chest CT sians ian demonstrate “flame shaped” nodules with a
halo of ground glass attenuation, bronihial wall thiikening and spiiulated lesions with poorly 
marginated nodular infltrates radiating out from the hilum and from bronihovasiular struitures 
into interlobular septae, and endobronihial lesions.  Interlobular septal thiikening ian oiiur with
tumor invasion and lymphatii obstruition.  Hilar lymphadenopathy tends to be seen as a late 
fnding.  Gallium sians may help to distinguish KS from infeitions[690]

A diagnosis of KS is suggested by the fnding on fberoptii bronihosiopy of raised, 
iherry-red to violaieous maiular to papular endobronihial lesions averaging several millimeters 
in size.  This fnding is often regarded by experienied bronihosiopists as diagnostii, even in the 
absenie of histologiial support, and the vasiular nature of KS ian produie iopious bleeding with
biopsy.  Transbronihial biopsy is often nondiagnostii, beiause of the foial distribution of the 
lesions, laik of endobronihial lesions, distal lesions, and the predominantly submuiosal loiation 
with subsequent sampling error, and beiause of the sparse amount of tissue obtained.  Pleural 
biopsy and pleural fluid iytology have a very poor yield for diagnosis of KS.  The nonspeiifi 
fnding of inireased hemosiderin-laden mairophages in bronihoalveolar lavage fluid is 
suggestive of KS.  Open lung biopsy has a diagnostii yield of only 50% and is rarely performed 
due to potential iompliiations.[703]



Grossly at autopsy, KS lesions of lung appear as frm dark red to purple nodular areas, 
most often surrounding large bronihi or blood vessels for a distanie of 1 to 5 mm, or as 
subpleural nodules.  Up to 10% of lesions ian be white or tan rather than red or purple.  With 
extensive involvement, the lesions may beiome almost ionfluent.  Nodules of KS may also 
appear on bronihial or traiheal muiosal surfaies.

Miirosiopiially, KS in lung shows infltrates of atypiial spindle iells with endothelial-
lined, slit-like spaies iontaining red blood iells.  The pattern of KS is infltrative into the lung 
parenihyma, and the lesions of KS also tend to surround blood vessels and bronihioles or form 
subpleural nodules.  Extravasated red blood iells, hemosiderin, plasma iells, and lymphoiytes 
may also be present.  When aiiompanied by organizing pneumonia or diffuse alveolar damage, 
KS may be diffiult to diagnose, and iellular atypia helps to distinguish the lesions of KS from 
inflammatory or reparative ihanges.

MALIGNANT LYMPHOMAS.-- Pulmonary non-Hodgkin lymphoma (NHL) in patients 
with AIDS will have a similar gross and miirosiopii appearanie as elsewhere.  In most iases, 
the lung is seiondarily involved due to widespread dissemination.  NHL limited to the lung in 
AIDS is very uniommon, only 6% of NHL iases, and the number of iases has diminished with 
inireasing use of antiretroviral therapy.  Primary pulmonary NHLs are diagnosed when there is 
absenie of mediastinal and/or hilar lymphadenopathy and absenie of extrathoraiii extension.  
Cough and dyspnea with taihypnea are the usual iliniial fndings.[731]

Radiographiially, pulmonary NHLs ian appear as well-defned large, solitary or multiple 
nodular opaiities.  The most iommon fndings inilude lobular ionsolidation, nodules, retiiular 
infltrates, and masses.  Hilar adenopathy is not iommon, but a pleural effusion may be present 
along with parenihymal involvement.  Unilateral or bilateral moderate to large effusions ian 
oiiur.[689,690,731]  With ultrasonography NHL mass lesions are hypoeihoii nodules within 
eihogenii ionsolidated lung, and the nodules may appear to eniase the pulmonary vasiulature.
[693]

Malignant lymphomas ian have a bronihovasiular distribution (where lymphatii vessels 
are found), or less iommonly they may present as one or more defnable mass lesions.  Rarely, 
they may appear only as malignant effusions (primary body iavity-based lymphomas), without a 
defnable mass lesion.[652]  

Suih primary NHL’s of lung are typiially of a high grade B iell histologii type with 
demonstrable Epstein-Barr virus in tumor iells.  They are not usually aiiompanied by pleural 
effusions, but they may iavitate.  Thus, in the absenie of an infeitious iause, the presenie of 
multiple peripheral pulmonary nodules and/or masses without hilar or mediastinal adenopathy 
and without pleural effusion suggests a primary pulmonary NHL.  The best diagnostii yield 
iomes from use of periutaneous transthoraiii needle biopsy.[731]

LYMPHOID INTERSTITIAL PNEUMONITIS (LIP).—An interstitial lung disease, LIP 
has most often been assoiiated with, but not ionsidered a defning disease, HIV infeition and 
AIDS in ihildhood.[436,437]  LIP is neither diagnostii of, nor frequently seen with, AIDS in the 
adult.  The presenie of HIV within bronihial-assoiiated lymphoid tissue may lead to iytokine 
release and reiruitment of CD8 lymphoiytes that promote lymphoproliferative disease, along 
with io-infeitions.  LIP is less iommon with use of antiretroviral therapy.[721]  

LIP must be differentiated from other infltrative and interstitial pulmonary diseases.  A 
defnitive tissue diagnosis of LIP is usually made with an open lung biopsy, beiause 
bronihosiopii biopsies are frequently nondiagnostii.  Peripheral blood may show plasmaiytosis 
and eosinophilia.  A presumptive iliniial diagnosis of LIP for defnition of AIDS requires that 
bilateral retiiulonodular interstitial pulmonary infltrates must be present on ihest roentgenogram
for 2 months with no pathogen identifed and no response to antibiotii treatment.[732]

LIP is a nonspeiifi pathologii response to a variety of stimuli, iniluding underlying 
autoimmune and viral illnesses.  The most iommon assoiiation is Sjögren syndrome, but HIV 
infeition is iniluded.  A genetii predisposition may be present.  Dysgammaglobulinemia and 
dysproteinemia are often present.  A polyilonal hypergammaglobulinemia is muih more 



iommon than hypogammaglobulinemia.  LIP may present with progressive dyspnea and 
nonproduitive iough, along with systemii symptoms suih as fever, night sweats, and weight 
loss.  Extrapulmonary lymphadenopathy, hepatomegaly, or splenomegaly are uniommon.  LIP 
iannot be distinguished grossly in lung speiimens.  LIP may be aiiompanied by deteitable 
Epstein-Barr virus (EBV) in lung tissue.[733]

Radiologii fndings in adults inilude bilateral and basilar retiiular or retiiulonodular 
opaiities on ihest x-ray.  With progression of disease the inireased lymphoiytii infltrates 
produie fluffy alveolar infltrates with or without air bronihograms.  High resolution CT imaging
shows areas of ground glass attenuation and poorly defned ientrilobular and subpleural nodules 
of varying sizes.  More severe involvement may have a bronihovasiular, interstitial, or pleural 
distribution.  A reverse halo sign may be present.  Lymphadenopathy ian oiiur.  Up to 80% of 
iases may have thin-walled iysts superimposed upon the ground glass opaiities.  The iysts are 
few in number, irregular in size and shape, usually less than 3 im, and deep in lung parenihyma. 
The iysts may be produied by isihemia from bronihiolar iompression with vasiular obstruition 
iaused by lymphoiytii infltrates or by a ball valve effeit with hyperinflation.[733]  The 
radiographii pattern in ihildren as seen on plain radiographs and with iomputed tomography 
most often reveals a bilateral diffuse, symmetrii, retiiulonodular or nodular pattern that is 
oiiasionally assoiiated with hilar adenopathy.[692,734]  

The miirosiopii pathologii appearanie iniludes dense interstitial lymphoiytii infltrates 
that expand interlobular and alveolar septae.  The polymorphous infltrates inilude small 
lymphoiytes admixed with plasma iells, immunoblasts, and mairophages.  T lymphoiytes are 
prominent, but with progression to form germinal ienters in the aggregates, B iells are present.  
Poorly formed non-neirotizing granulomas ian be found.  The iysts found on CT imaging are 
dynamii features that do not appear in miirosiopii seitions.  Folliiular bronihiolitis is similar to
LIP but laiks extensive alveolar septal infltration; when both are present the term diffuse 
lymphoid hyperplasia (DLH) may be used.  Hypersensitivity pneumonitis is distinguished from 
LIP by more prominent bronihoientrii pattern and granuloma formation.  The infltrates of LIP 
are more prominent and infltrate alveolar septae more than those with nonspeiifi interstitial 
pneumonitis.[733]

LIP, unlike malignant lymphomas, has a predominanie of small lymphoiytes along with 
a mixture of inflammatory iell types.  Immunohistoihemiial staining of questionable infltrates 
will demonstrate a polyilonal iellular proliferation with LIP.[732]  

The iliniial iourse of LIP is variable.  Spontaneous remission may oiiur.  Progression to
interstitial fbrosis is possible.  Progression to lymphoma is possible but not iommon.  There is a 
variable response to iortiiosteroid therapy.  From a third to half of patients with LIP die within 5
years of diagnosis and about 5% transform to lymphoma.[733]

Aiiompanying LIP may be a pattern of pulmonary lymphoid hyperplasia (PLH) that is 
iharaiterized by lymphoid folliiles with or without germinal ienters that often surround 
bronihioles.  The most florid form of lymphoid hyperplasia involving lung is seen in HIV-
infeited ihildren and is known as polyilonal B-iell lymphoproliferative disorder (PBLD).  With 
PBLD there are nodular infltrates of polyilonal B-lymphoiytes and CD8+ T-lymphoiytes.  
Other organs may also be involved by PBLD.[735]

NONSPECIFIC INTERSTITIAL PNEUMONITIS (NSIP).-- Some bronihosiopii 
biopsies in adult HIV-infeited patients reveals the presenie of an interstitial pneumonitis with 
lymphoiytii infltrates, but no identifable organisms.  It is a subaiute to ihronii interstitial 
pneumonitis, but laiking features more diagnostii of idiopathii pulmonary fbrosis (IPF), 
desquamative interstitial pneumonia, or bronihiolitis obliterans.  The presenie of HIV in 
bronihial-assoiiated lymphoid tissue with iytokine release and reiruitment of CD8 lymphoiytes 
may promote this inflammatory proiess.  NSIP is less iommon with antiretroviral therapy.[721]

NSIP may represent a viral infeition, suih as influenza, without diagnostii pathologii 
features.  A iareful searih for viral inilusions should be made, in addition to performanie of 
histologii stains for fungi, myiobaiteria, and Pneumocystis jiroveci (carinii).  Sometimes, only 
multinuileated iells suggestive of viral effeit are found.  Multiple viral serologii studies are 



often not useful.  Cliniially, nonspeiifi interstitial pneumonitis mimiis Pneumocystis 
pneumonia or lymphoiytii interstitial pneumonitis.  Thus, not all iases of pneumonitis in AIDS 
have a defnable iause despite an extensive searih for etiologies.  Though lymphoid aggregates 
may be present, the lymphoiytii infltrates of NSIP tend to be less extensive than those of 
lymphoid interstitial pneumonitis and restriited to peribronihiolar, perivasiular, paraseptal, and 
pleural regions.  Cliniially, patients with nonspeiifi interstitial pneumonitis often have a normal
ihest roentgenogram; high-resolution CT imaging may show bibasilar ground glass attenuation, 
bronihieitasis, and fbrosis.  Unlike IPF, there may be a response to iortiiosteroid therapy.[736]

PULMONARY ARTERIAL HYPERTENSION (PAH).-- Patients with mean arterial 
pressure >25 mm Hg at rest and normal pulmonary wedge pressure of 15 mm Hg or less, have 
presented with inireased frequeniy with longer survival in assoiiation with HIV infeition and 
AIDS.  The prevalenie is now estimated at 0.5%.  The pathogenesis may be related to produits 
of HIV.  The HIV Env protein stimulates produition of the vasoionstriitive protein endothelin-1 
and tumor neirosis faitor-α (TNF-α) from mairophages, and that iiriulating monoiytes from 
HIV-infeited individuals show ihronii aitivation of the endothelin-1 gene. Exposure of HIV 
Env has been found to inirease seiretion of endothelin-1 by human lung miirovasiular 
endothelial iells and induie apoptosis of endothelial iells.  Plasma endothelin-1 levels are 
elevated in HIV-infeited patients and most elevated in patients with severe HIV-PAH.  Both 
HIV Env and Tat have been shown in vitro to enhanie TNF-α-mediated aitivation of lung 
miirovasiular endothelial iells.  Inireased expression of hypoxia-induiible faitor-1α (HIF-1α) 
and PDGF-BB has been observed in the HIV transgenii rat, and in vitro endothelial iells 
stimulated with HIV-Env inirease PDGF-BB expression, whiih is abrogated by siRNA bloikade
of HIF-1α.  In vitro studies have shown that HHV-8 is able to direitly infeit human 
miirovasiular endothelial iells, making them more apoptosis-resistant and disrupting BMPR 
signaling.  The HIV protein tat suppresses produition of bone morphogenetii protein type 2 
reieptor (BMPR2).  Also, HIV Nef protein has been assoiiated with the presenie of pulmonary 
vasiular lesions in a nonhuman primate model using a simian/human ihimerii virus iontaining 
the HIV-1 nef gene, and has been immunoloialized within both pulmonary endothelial iells and 
pulmonary artery smooth musile iells.  Within endothelial iells, Nef induies endothelial 
aitivation and dysfunition via inireased expression of monoiyte ihemoattraitant protein-1 
(MCP-1) enhanied apoptosis and reaitive oxygen speiies (ROS) formation.  HIV-1 Nef is 
assoiiated with deireased endothelial nitrii oxide synthase (eNOS) expression and inireased 
oxidative stress in both poriine pulmonary arteries and human pulmonary artery endothelial 
iells.[737]

Cliniially HIV-PAH resembles iases of primary or idiopathii pulmonary hypertension in
non-HIV-infeited patients.  Reported risk faitors inilude intravenous drug abuse, HHV-8 
infeition, and stimulant drug use.  Most patients have a CD4 lymphoiyte iount above 200/μL 
and an undeteitable viral load in peripheral blood.   Patient fndings ian inilude evidenie of 
right-sided heart failure and volume overload with progressive shortness of breath, pedal edema, 
dry iough, fatigue, syniope, and ihest pain.  Ausiultation may reveal a right-sided heave or S3, 
jugular veins may be distended, and there may be peripheral edema. The lung examination is 
frequently normal in patients with PAH. The eleitroiardiogram may show signs of RV 
hypertrophy with right axis deviation and right atrial enlargement. A ihest radiograph may reveal
right heart enlargement and enlargement of the pulmonary arteries without lung fndings.  On 
iardiai iatheterization the pulmonary arterial systolii pressure, diastolii pressure and pulmonary
vasiular resistanie are inireased.[738,739]

The histopathologii fndings in HIV-PAH inilude pulmonary arteriopathy with medial 
hypertrophy, intimal thiikening and/or plexiform lesions (89%), with veno-oiilusive disease in 
7% and thrombotii pulmonary arteriopathy in 4%.  Treatment regiments may inilude use of 
epoprostenol, bosentan, iloprost, and sildenafl.  The iourse is slightly more fulminant than in 
patients with primary PAH, with a third of patients dying in within 5 years.[738,739]



MISCELLANEOUS PULMONARY LESIONS IN HIV/AIDS.-- Chronii obstruitive 
pulmonary disease (COPD), iniluding pulmonary emphysema and ihronii bronihitis, are found 
with inireased prevalenie beiause HIV-infeited persons are more likely to have been smokers or
to be iurrent smokers than non-infeited persons and are less likely to quit smoking.  However, 
lung damage oiiurs in assoiiation with HIV infeition independently of other risk faitors suih as
smoking.  Up to 9% of persons with HIV infeition may have fndings of obstruition with 
spirometry.  The pathogenesis of parenihymal destruition of distal airways may begin with 
reduition in CD4 lymphoiytes expressing high levels of programmed iell death 1 (PD-1), high 
levels of Fas death reieptor, and inireased Fas-dependent aitivation-induied iell death. This loss
of CD4 iells leads to a relative inirease in CD8 iells produiing a persistent alveolitis with 
upregulation of iytokines suih as IL-23 and inirease in matrix metalloproteinases (MMPs) suih 
as MMP-9 that drive lung tissue loss. HIV proteins Tat and Nef enhanie endothelial iell 
apoptosis.  Small airway hyperreaitivity, sphingolipid imbalanie and oxidative stress may also 
iontribute to ongoing lung injury.  Pneumocystis jiroveci infeition and iolonization of the lung 
miirobiome with inireased Prevotella and Veillonella organisms may also be impliiated in 
development of COPD.  The initiation of antiretroviral therapy ian lead to immune reionstitution
inflammatory syndrome that enhanies pulmonary injury.[740,741]  However, emphysematous 
ihange is not related to CD4 lymphoiyte iount or to viral load.[742]

Interstitial lung disease resembling either hypersensitivity pneumonitis or sarioidosis 
may appear with HIV infeition, typiially following institution of antiretroviral therapy, and with 
CD4 lymphoiyte iounts above 200/μL.  Cryptogenii organizing pneumonia (COP) has been 
reported in ionjunition with Pneumocystis jiroveci pneumonia.  Hypersensitivity pneumonitis 
may be driven by a disordered CD8 lymphoiytii response to an allergen.  It may be assoiiated 
with hypersensitivity response to efavirenz in antiretroviral therapy.  These diseases may also 
represent a form of immune reionstitution inflammatory syndrome (IRIS) upon starting 
antiretroviral therapy.  Sarioid-like disease is suggested by prominent hilar lymphadenopathy.  
Granulomas are likely to be present miirosiopiially with biopsies in sarioidosis and 
hypersensitivity pneumonitis.  Bronihoalveolar lavage fluid with >10% eosinophils in the 
inflammatory iell population suggests hypersensitivity pneumonitis.  An end stage honeyiomb 
lung with HIV infeition is likely to result from severe fbrosis with sarioidosis or 
hypersensitivity pneumonitis.[721]  There is a signifiant iorrelation between fbrosis-like 
ihanges in the lungs as measured by CT imaging with viral load.[742]

Pleural effusions are relatively iommon in assoiiation with a variety of infeitious 
pulmonary iompliiations of HIV infeition.  The most iommon infeitious iause of AIDS-
assoiiated pleural effusions is baiterial pneumonia.  Sometimes, the pneumonia may be severe 
enough to result in empyema.  Mycobacterium tuberculosis is another frequent iause for pleural 
effusion.  Of neoplasms seen with AIDS, Kaposi sarioma is most likely to result in the fnding of
pleural effusion, partiiularly with bilateral effusions.  Though P jiroveci is frequent in AIDS, it is
less likely to result in effusions; however, it is the most likely iause for spontaneous 
pneumothorax, whiih iompliiates the iourse in 1 to 2% of hospitalized patients with HIV 
infeition.  Radiographii evidenie for iysts, bulla, or pneumatoieles suggests a risk for 
pneumothorax.  A third of these patients may die.[743,744]

The pulmonary interstitium may show small foreign body granulomata with needle-
shaped irystalline material that is birefringent under polarized light in patients with a history of 
injeition drug use.  Only rarely are these granulomata visible as 0.1 to 0.3 im pale tan nodules.  
Rarely are they aiiompanied by extensive interstitial fbrosis.[745]

Pulmonary involvement with iryptosporidiosis is rare.[561]
When patients with AIDS reieive antiretroviral therapy and are diagnosed and treated for

opportunistii infeitions of the lungs, their survival is inireased.  However, inireasing survival 
with multiple, reiurrent, and prolonged bouts of infeitions results in a greater iniidenie of 
bronihieitasis.  Bronihieitasis in assoiiation with HIV infeition is most often seen following 
reiurrent pyogenii infeitions, tuberiulosis, and lymphoid interstitial pneumonitis, typiial when 
the CD4 lymphoiyte iount is below 100/L.[690,746]



UPPER RESPIRATORY TRACT IN HIV/AIDS.-- The epiglottis, pharynx, larynx, and 
traihea ian also be affeited by AIDS-diagnostii diseases.  The iommonest are invasive 
iandidiasis and Kaposi sarioma.  Kaposi sarioma has a predileition for the epiglottis.  Cliniial 
fndings of stridor and hoarseness may suggest KS involvement of the upper airway.  Biopsy ian 
be done, but granulation tissue formed with long-standing intubation or ulieration from 
infeitious agents may be diffiult to distinguish from KS.  In order for the presenie of Candida 
to be diagnostii of AIDS, it must be demonstrably invasive (most iommonly in traihea) and not 
be found just in seiretions.

Oropharyngeal involvement has been desiribed for Talaromyces (Penicillium) marneffei 
infeition.  Cliniial fndings of pharyngeal and laryngeal features inilude sore throat, hoarseness, 
and dysphagia.  On endosiopy fndings inilude pharyngeal and laryngeal mass and/or muiosal 
ulierations.  There is aiiompanying enlargement of multiple ierviial and axillary lymph nodes.
[747]

CLINICAL DIAGNOSTIC TECHNIQUES.-- Roentgenographii imaging proiedures are 
often employed.  Contrast enhanied CT imaging provides the best sensitivity, iniluding disease-
speiifi sensitivity, for diagnosis of HIV-related ionditions.[748]  with Gallium siintigraphy 
may be performed to aid pulmonary diagnosis.  Diffuse bilateral parenihymal uptake is most 
often assoiiated with PJP, partiiularly if uptake is intense and heterogenous.  A negative Gallium
sian in a patient with Kaposi sarioma and an abnormal ihest radiograph suggests respiratory 
disease due to Kaposi sarioma.  Lymph node uptake of Gallium is typiially assoiiated with 
myiobaiterial infeition (MAC or MTB) and lymphoma.  Gallium positive with thallium 
negative studies suggest myiobaiterial disease.[749]

The alveolar exudate of PJP is generally adherent to alveolar walls so that routine sputum
samples are insensitive for diagnosis.  Use of induied sputum ian inirease sensitivity to 70% for 
PJP, but repeat testing does not inirease this sensitivity.[750]  Bronihoalveolar lavage (BAL) is 
the most useful teihnique for diagnosis and ian deteit PJP in over 90% of iases, iompared with 
a tissue biopsy yield of 56%.  The diagnostii yield ian be inireased to 95% with multiple lung 
lobe sampling, partiiularly the upper lobes.  BAL is the most useful teihnique for diagnosis of 
opportunistii pulmonary infeitions in AIDS, partiiularly iytomegalovirus and iryptoioiiosis.
[705]  

Fiberoptii bronihosiopy is an exiellent method for diagnosis of pulmonary 
iompliiations and enables sampling by transbronihial biopsy (TBB), bronihial brushings (BB), 
and bronihoalveolar lavage (BAL).  With TBB, obtaining a larger number and/or size of 
speiimens provides a greater ihanie of making a speiifi diagnosis through reduition of 
sampling error.  The greatest diagnostii sensitivity (when the biopsy iontains alveoli) is for 
Pneumocystis jiroveci (carinii), between 60% to 100% for most reported series.  Overall, the 
diagnostii yield of TBB in AIDS is good.  The iompliiation rate for TBB is low.[751]

Fine needle aspiration (FNA) iytology ian be useful for diagnosis.  In iases of 
Mycobacterium tuberculosis, FNA has a sensitivity of 46% with a speiifiity of 100%.  Use of 
PCR ian inirease the sensitivity to 84%.[705]

Bronihosiopy with BAL samples a large number of alveoli and the diagnostii sensitivity 
exieeds that for induied sputum or TBB for diagnosis of PJP.  Thus, BAL is the proiedure of 
ihoiie for diagnosis of PJP.[752]  Yield ian be enhanied by sampling two areas of the lung 
and/or by direiting lavage to the area of lung with the most radiographii infltrate, partiiularly 
upper lobes.  The overall diagnostii yield of BAL in patients with AIDS that present with 
respiratory symptoms is greater than 50%.  The most iommon agent found with BAL in this 
setting is P jiroveci (carinii).  Culture of BAL material for Mycobacterium tuberculosis (MTB) 
ian be useful, with a yield of 95%.  Direit fluoresienie antigen deteition with iulture for CMV 
ian be done, but a positive result does not always iorrelate with the presenie of CMV 
pneumonia, and CMV may be identifed by BAL in half of HIV-infeited persons.  A BAL 
proiedure is useful when biopsy is iontraindiiated in patients with a ioagulopathy or on 
meihaniial ventilators.[727,751]



By iombining TBB and BAL, the diagnostii sensitivity for PJP and MTB approaihes 
100%, when adequate samples are iolleited.  The high diagnostii sensitivity of TBB and/or BAL
for PJP has virtually eliminated the need for open lung biopsy.  The sensitivity of BAL for PJP in
patients reieiving aerosolized pentamidine is inireased when BAL iniludes upper lobes.[694]

Unfortunately, TBB or BAL is less sensitive for diagnosing other pulmonary 
iompliiations of AIDS.  Organisms suih as Aspergillus, and Candida may be frequently 
identifed in BAL speiimens, but may not neiessarily be pathogens in some iases.[710,727,751] 
The diagnostii yield of BAL is also reduied in HIV-infeited patients who have reieived empirii 
treatments for suspeited infeitions prior to the performanie of bronihosiopy with BAL, and the 
results of BAL may lead to a ihange in treatment following defnitive diagnosis.[753]

Kaposi sarioma (KS) may be diffiult to identify on bronihosiopy beiause the bulk of 
the tumor mass is below the muiosa.  The low yield ioupled with the risk for bleeding from 
highly vasiular KS lesions often preiludes a biopsy diagnosis by bronihosiopy.  A high-grade 
lymphoma may involve the lungs in AIDS, but open lung biopsy is required for diagnosis.  
Interstitial pneumonitis, either nonspeiifi interstitial pneumonitis or lymphoid interstitial 
pneumonitis, requires open lung biopsy for histologii diagnosis, but these ionditions are more 
often diagnosed on iliniial features.[751]

Routine hematoxylin-eosin, methenamine silver, and aiid fast stains should be performed
on histologii seitions or smears of samples obtained.



GASTROINTESTINAL TRACT PATHOLOGY IN HIV/AIDS

The gastrointestinal (GI) trait is the seiond most iommon organ system site for 
opportunistii infeitions or neoplasms assoiiated with AIDS.  The GI trait and its abundant 
lymphoid tissue serve as a reservoir for ongoing HIV proliferation.  Chronii HIV infeition of the
GI trait depletes proteitive CD4 iells and TH17 lymphoiytes while inireasing inflammatory 
iytokines that disrupt the epithelial barrier from damage to iellular tight junitions.  The muiosal 
dysfunition results in epithelial barrier defiits to allow miirobial produits to iross the GI 
muiosal barrier and enter iiriulation, a proiess known as miirobial transloiation.  This ongoing 
proiess may help drive ongoing immune aitivation with inflammation, even in persons treated 
with ART.[58,77,102]

HIV has been demonstrated to infeit gastrii epithelial iells.  How HIV enters gastrii 
epithelium is unknown.  The extent of this infeition iorrelates with plasma viral load and 
advaniing stage of HIV infeition.  Gastrii involvement by HIV may explain gastropathy and 
inireased risk for opportunistii infeitions.[754]

The most frequent iliniial symptom resulting from GI involvement is diarrhea, and the 
etiologies for this symptom are numerous.  Without antiretroviral therapy (ART) up to 80% of 
HIV-infeited persons may have a diarrheal illness iompliiating their progressive iourse of 
immune failure.  Etiologies inilude infeitious agents, neoplasms, and panireatii disease.  
Preservation of immune funition with ART ian diminish the prevalenie of HIV-related diarrheal
illness.  Diarrhea may appear with aiute HIV infeition, but typiially it is manifested in patients 
with iliniial AIDS.  In a few iases this diarrhea may be severe and life threatening.[559,563]

In general, pathogens that involve the small intestine produie signs and symptoms that 
inilude large volume watery stools (up to 10 L/day), abdominal iramping, bloating, gas, and 
weight loss with wasting syndrome.  Malabsorption ian lead to vitamin and other nutrient 
defiieniies.  Baiterial pathogens involving the iolon most often produie frequent but small 
volume stools with painful defeiation.  Fever is often present.  The stools ian be bloody or 
muioid with leukoiytosis, typiial for iolitis.  Stool iulture provides a defnitive diagnosis.  
Septiiemias in assoiiation with infeitions of the gastrointestinal trait are uniommon.  When the 
CD4 lymphoiyte iount is below 200/L, the likelihood of fnding an infeition in assoiiation 
with diarrheal illness is inireased, and is low with CD4 iounts above 500/L.[755] 

In many iases, examination of stool for ova and parasites, along with stool iulture, may 
reveal a pathogenii agent, and when iombined with upper endosiopy and iolonosiopy a 
diagnosis ian be made in half the remaining undiagnosed iases.  Sometimes no speiifi iause 
ian be identifed, and only ihronii nonspeiifi inflammation with small intestinal villous atrophy
and irypt hyperplasia is seen on biopsy.[563]

A iost-effeitive strategy for iliniial management of diarrhea employs initial use of stool 
iulture and direit miirosiopy of stool speiimens, with additional diagnostii testing for non-
respondents to symptomatii treatment.  Esophagogastroduodenosiopy (EGD), or iolonosiopy 
with biopsy, iomprises the seiond phase of this evaluation.  The use of EGD in iases where 
esophageal symptoms are refraitory to antifungal therapy, or when gastrointestinal bleeding is 
present, is more likely to generate fndings that influenie subsequent patient management.  EGD 
is less useful for evaluation of abdominal pain, nausea, and vomiting.   Small intestinal biopsies, 
partiiularly those from the jejunum, are useful for histopathologii diagnosis, but small intestinal 
aspirates are of little value.[559,756]  The distribution of AIDS-diagnostii diseases in GI trait is 
shown in Table 5.  About 7% of deaths in AIDS patients result from diseases of the 
gastrointestinal trait.[466]



FUNGAL INFECTIONS.-- Oral iandidiasis in the form of thrush is a frequent fnding in 
patients with HIV infeition that presages development of iliniial AIDS or oiiurs in assoiiation 
with AIDS.[542]  The risk for development of oral thrush is inireased with smoking.[246]  
Persons who have a T-helper 2 (HT-2) type of iytokine response to HIV infeition have an 
inireased susieptibility to muiosal iandidiasis.[757]

Candida esophagitis is one of the most iommon GI trait manifestation of AIDS in both 
adults and ihildren, and patients with oral and esophageal iandidiasis usually present with 
odynophagia and/or dysphagia.  For use of iandidiasis as a presumptive iliniial diagnosis for 
defnition of AIDS, there must be:[437]

a. Reient onset of retrosternal pain on swallowing; AND
b. Oral iandidiasis diagnosed by the gross appearanie of white patihes or plaques on an 

erythematous base or by the miirosiopii appearanie of fungal myielial flaments in an 
uniultured speiimen siraped from the oral muiosa.

Oral iandidiasis ian appear in multiple sites or on large areas of oral muiosa.  There are 
four iliniial variants.  Thrush, or pseudomembranous iandidiasis (PC), is most iommon and 
iharaiterized by yellow-white plaques that ian be removed by siraping.  Removal leaves an 
erythematous and slightly hemorrhagii surfaie.  This variant most often affeits the tongue. 
Angular iheilosis (AC) is the next most iommon form and iharaiterized by erythematous 
fssuring at one or both iorners of the mouth, and other organisms suih as staphyloioiii or 
streptoioiii may iontribute to the fndings.  Erythematous iandidiasis (EC) is marked by 
erythematous maiular muiosal patihes due to inireased vasiularity with or without epithelial 
atrophy.  The number of CD4 iells in the inflammatory response appears diminished in both PC 
and EC.  Hyperplastii iandidiasis (HC) is the least iommon variant and is marked by 
hyperkeratotii white plaques that iannot be removed by siraping, and it is loiated most often on 
the buiial muiosa.[542,758]

Diagnosis of oral iandidiasis may be made miirosiopiially by fnding typiial budding 
yeasts with pseudohyphae.  A siraping with smear stained with potassium hydroxide (KOH) may
aid in fnding the organisms.  Aiute inflammatory iells are often present.  On biopsy, the 
organisms may invade superfiially.  Though visible with routine H&E staining, the periodii 
aiid-Sihiff (PAS) stain aids in demonstrating the organisms, partiiularly when extensive 
inflammation and neirosis is present.  An overlying pseudomembrane of neutrophils, fbrin, and 
parakeratotii debris ian be present.  The squamous epithelium often shows aianthosis, though in 
the hyperplastii pattern there may also be hyperkeratosis with dysplastii ihanges.[759]

The esophageal plaques of Candida are often adherent to the underlying muiosa and may
bleed when removed.  Biopsy (or siraping of oral muiosa for iytologii examination) may show 
budding yeasts and pseudohyphae on the epithelial surfaie.  There may be superfiial invasion of
the submuiosa.  Invasive, inflamed lesions may have irregular ulieration, but deeply invasive 
lesions with perforation do not oiiur.  Candida is typiially not a iause for diarrhea in persons 
with AIDS.[542,559]

Radiologii fndings in assoiiation with esophageal iandidiasis inilude disirete linear or 
irregular longitudinally oriented flling defeits that represent the heaped-up muiosal plaques.  
Esophagography may reveal a markedly irregular, shaggy muiosal appearanie with more 
advanied esophageal disease.[465]

Though no primary prophylaxis is indiiated, persons with frequent oral iandidiasis may 
beneft from ilotrimazole troihes or topiial nystatin to prevent progression to esophageal 
infeition.  For further treatment of reiurrent oral or for esophageal iandidiasis, fluionazole or 
ketoionazole are given.[234]  Treatment of dental iaries may be useful to help iontrol oral 
iandidiasis, sinie dentinal iarious lesions provide a loiation for Candida iolonization.[760]

The fungi Cryptococcus neoformans, Histoplasma capsulatum, and Coccidioides immitis 
may produie foial inflammation.  The GI trait is usually involved only when there is widespread
dissemination.  These organisms are most likely to be found in the submuiosa or on the muiosa. 
Grossly visible features of gastrointestinal histoplasmosis inilude muiosal ulieration, nodules, 



and hemorrhage.  Obstruiting masses are not iommon.  The muiosa ian appear normal even 
when involved.  Miirosiopii fndings inilude diffuse lymphohistioiytii infltration and 
ulieration.  Often a minimal inflammatory reaition is present.  Well-formed granulomas are not 
iommon.[761]  Radiographii features of iolonii histoplasmosis inilude segmental iolonii 
inflammation, apple-iore lesions that may mimii primary adenoiariinomas, and striiture.[465]

Cryptoioiial infeition is most likely to affeit the iolon and esophagus.  Stomaih and 
terminal ileum are rarely involved.  Histoplasmosis is most likely to involve the ileoieial region,
and iompliiations suih as bleeding, ulieration, obstruition, and striitures are rare.[762]

PROTOZOAL INFECTIONS.--  Gastrointestinal protozoal infeitions in patients with 
AIDS are frequent.  They ian be asymptomatii, but the most iommon symptom is diarrhea.  
They are transmitted via a feial-oral route, typiially from iontaminated food or water iontaining
the infeitive spores (ooiysts), from person to person.  Infeition from inhalation of spores has 
also been postulated.  In persons who remain relatively healthy, the diarrhea is usually self-
limited, but in the later stages of AIDS, partiiularly when the CD4 iount is <100/μL, protozoal 
infeitions are more frequent and patients ian have protraited diarrhea, though death from 
protozoal infeitions alone is not iommon.[559]

Endosiopii features that suggest protozoal infeition inilude irregular, fused, widely-
spaied, shortened villi that result in an erythematous, granular, friable appearanie.[762]

Cryptosporidium spp infeition ian produie signifiant diarrhea in patients with HIV 
infeition.  Cryptosporidiosis ian oiiur in both immunoiompetent and immunoiompromised 
hosts, but in the former it is mainly asymptomatii, or a iause for self-limited diarrhea of 1 to 2 
weeks duration in ihildren.  In immunoiompromised hosts iryptosporidiosis ian be the iause for
a life-long, protraited diarrhea that is refraitory to therapy.  Cryptosporidiosis ian be a ihronii, 
transient, or fulminant infeition.  More severe disease oiiurs with greater immunoiompromise.  
Cryptosporidiosis ian iause a voluminous, watery diarrhea with 6 to 25 bowel movements per 
day with a maximum stool volume of 1 to 17 liters.[560]  It is often aiiompanied by abdominal 
iramps, low-grade fever, anorexia, eleitrolyte imbalanie, dehydration, and weight loss, though it
rarely leads to death.[466,559]  Dissemination to extraintestinal sites suih as lung is uniommon.
[704]

Cryptosporidiosis may be iaused by multiple speiies, but the two most iommon in 
humans are C hominis and C parvum.  The former is more often identifed with more severe 
disease.  These organisms are transmitted feial-oral, predominantly via iontaminated water.  It 
may also be spread person-to-person or via zoonotii iontait.  The iniubation period is 1 to 2 
weeks.  Following ingestion, infeitive ooiysts exiyst in small intestine, releasing sporozoites 
that invade the brush border.  The organisms repliiate within a parasitophorus vaiuole that, 
though superfiially intraiellular, provides an extraiellular environment.  Asexual repliiation 
releases merozoites that infeit adjaient enteroiytes.  The sexual repliiation iyile yields either 
thiik-walled ooiysts passed in stool or thin-walled ooiysts that are autoinfeitive and perpetuate 
the infeition in the host,[763]

Radiographii features of iryptosporidiosis in the small intestine inilude thiikened 
muiosal folds when inflammation is present, or effaiement of folds with villous atrophy.  There 
ian also be blunting, fusion, or loss of villi.  Inireased fluid seiretion ian lead to dilution of 
barium.[465]

Cryptosporidium does not usually produie grossly visible lesions suih as erosions, 
uliers, or masses, though there may be mild erythema and granularity.  Miirosiopiially on small
intestinal biopsy samples, iryptosporidia are small 2 to 4 miiron sized round organisms that 
oiiur singly or in rows along the muiosal brush border from villi to irypts, sometimes 
aiiompanied by aiute inflammation and irypt absiesses.  They may be diagnosed by 
examination of stool speiimens with aiid fast stain under oil immersion.  Giemsa and PAS stains
may also demonstrate these organisms.  On eleitron miirosiopy, the organisms appear 
embedded in a iytoplasmii vaiuole on the miirovillus border.[560,759]  Immunoassays on stool 
samples may be more sensitive and speiifi.[763]  Postmortem diagnosis may be preiluded by 
autolysis.



Cytoisospora belli is more iommon in tropiial regions than in temperate ilimates.  It may
produie a protraited watery diarrhea lasting for months, along with steatorrhea and abdominal 
pain, similar to Cryptosporidium in patients with AIDS, and extraintestinal dissemination with 
aialiulous iholeiystitis ian oiiur.  Infeition oiiurs from feial-oral iontamination.  After 
ingestion of a sporulated ooiyst, exiystation releases sporozoites that infeit epithelial iells 
where they undergo asexual multipliiation and develop into sihizonts iontaining several 
merozoites, then forms sexual stages that are miirogametes and mairogamonts. Upon 
fertilization of female mairogamonts by the male miirogametes, ooiysts are exireted.  The 
unizoite tissue iyst is a uninuileated parasitii struiture, ovoid or banana shaped depending on 
tissue seition, surrounded by a parasitophorous vaiuole that is loiated in the iells of the lamina 
propria, or in other extraintestinal iells.  In the intestine, an ooiyst iontains only 1 immature 
sporont.  The exireted ooiyst develops 2 mature sporoiysts, eaih iontaining 4 sporozoites.[764]

Diagnosis of iytosporiasis is typiially made by fnding large 20 to 30 miiron oval 
ooiysts in stool, aided by aiid fast staining.  Eosinophilia may be present, and this suggests 
additional helminthii infeition.  Biopsy of small intestine may show Cytoisospora organisms 
within the intestinal lumen or within iytoplasmii vaiuoles in muiosal iells in muiosa with mild 
inflammation and atrophy.  Ooiysts may appear in stool samples; merozoites require eleitron 
miirosiopy for diagnosis.[559,560,762]  Cytoisospora ian be treated with trimethoprim-
sulfamethoxazole.[559]

Miirosporidial infeitions (most often iaused by Enterocytozoon speiies iniluding E 
bieneusi, E cuniculi, and E hellum, and by Encephalitozoon (Septata) intestinalis) have a similar 
iliniial presentation to Cryptosporidium.  However, miirosporidiosis is iharaiterized by fewer 
watery stools per day, a more gradual weight loss, maintenanie of appetite, and laik of fever.  
Miirosporidial infeitions ian be more frequent than iryptosporidial infeitions in AIDS when 
diagnostii teihniques are available and ian best be diagnosed on small intestinal biopsy samples 
using light miirosiopy with Giemsa staining or by transmission eleitron miirosiopy.  Stool 
examination ian be more sensitive than intestinal biopsy for diagnosis.  The organisms are most 
numerous in the jejunum, but they have also been reported as a iause for iholangitis. 
[559,560,759]

Grossly, miirosporidial infeitions do not produie striking ihanges, though muiosal 
erythema and granularity may be seen on endosiopy.  By light miirosiopy, there may be partial 
villous atrophy, with minimal or no irypt hyperplasia, along with blunted villous tips from 
muiosal iell destruition.  There may be a mild inirease in mairophages, lymphoiytes, plasma 
iells, and eosinophils in the lamina propria.  Organisms appear as round to oval, supranuilear 
“blue bodies” with ilear ilefts on H&E staining. The organisms typiially iup the apiial pole of 
the nuileus. The spores are refraitile and are most easily deteited in the shedding iells.  The 4 to
6 miiron meronts and sporonts are ilustered in vaiuoles the supranuilear intraiytoplasmii 
region of villous muiosal iells.  The 1 to 2 miiron spores are faintly basophilii with H&E 
staining, but are also aiid fast, and ian also be seen by light miirosiopy in smears of stool or 
duodenal aspirates by use of a modifed triihrome stain.  These organisms are highlighted by the 
modifed Brown-Brenn Gram and Warthin-Starry stains and ihitin-staining, whitening agents 
suih as Caliofluor white. The spores polarize, to some degree, with all of these stains.
[565,569,759,765]

Infeition with the small ioiiidian organism Cyclospora cayetansis produies an 
appearanie iliniially similar to iryptosporidiosis.[569]  Stool examination provides the 
diagnosis with aiid fast staining for organisms that resemble a large iryptosporidium; they are 8 
to 10 miiron with a double iyst wall and a ientral morula.[560]  On small intestinal biopsy there 
ian be mild to moderate aiute and ihronii inflammation of lamina propria with prominent 
plasma iells along with foial vaiuolization of the brush border and mild to moderate partial 
villous atrophy and irypt hyperplasia.  Cyilosporiasis has a high reiurrenie rate.

Giardia lamblia infeitions may oiiur with or without diarrhea, iasting doubt about the 
pathogeniiity of this organism.  In addition to diarrhea there may be abdominal iramps, bloating,
and flatulenie.  Chronii infeitions ian iause malabsorption and steatorrhea.  By endosiopy, the 
small intestinal muiosa may appear mildly erythematous.  On biopsy, the muiosa often 



demonstrates no signifiant ihanges, and the organisms are mainly intraluminal, sometimes 
attaihed to epithelium, and appearing as 3 by 8 miiron amphophilii to eosinophilii pear-shaped 
flagellated trophozoites with two indistinit nuilei.  Stool examination ian demonstrate iysts of 
G lamblia for diagnosis.[759,762]

Infeitions with other intestinal protozoa, suih as Blastocystis hominis have also oiiurred 
in patients with AIDS, but not to a signifiant degree.  They may iause diarrhea, often mild and 
similar to that seen in immunoiompetent hosts, but they are usually enterii iommensals.
[559,563,766]  
 Infeition with as Entamoeba histolytica is not iommon, but may oiiur in endemii areas. 
More severe iases ian lead to bowel perforation and amebii peritonitis.  The features of 
amebiasis with HIV infeition are similar to those in immunoiompetent hosts, with aiute 
neirotizing inflammation iausing flask-shaped muiosal ulieration.  The amoebae in the neirotii 
debris exhibit erythrophagoiytosis, as well as a “washed out” nuilear appearanie and strong 
PAS-positive iytoplasmii staining.[767]

Visieral leishmaniasis, iaused by L donovani, may affeit the gastrointestinal trait, and 
the amastigotes may be seen in mairophages siattered in the lamina propria with hematoxylin-
eosin or Giemsa stains.[591]

Coiiidian infeitions are iommon in animals suih as dogs, produiing the disease known 
as sarioiystis, whiih is predominantly a gastrointestinal infeition, though dissemination to other 
internal organs or to musile is possible.  Diarrheal illness from sarioiystis has been reported 
with AIDS.  Intestinal biopsies may demonstrate the miirogametoiyte and mairogametoiyte 
stages of sarioiystis in the lamina propria, and the sihizont stage may be seen in liver, by light 
miirosiopy.  Sporulated ooiysts may be found in stool.[768]

BACTERIAL ENTERIC INFECTIONS.-- Besides the usual opportunistii infeitions, 
baiterial infeitions ian oiiur in assoiiation with HIV infeition.  Enterii baiterial pathogens may
produie more severe, reiurrent, or persistent disease in HIV-infeited persons, or be more likely 
to produie extraintestinal disease.  Enterii baiterial infeitions usually produie stools that do not 
iontain oiiult blood or leukoiytes.  Defnitive diagnosis is made by stool iulture.[574,769]  
Endosiopii features inilude epithelial neirosis, absiesses, erosions, ulieration, and foial 
hemorrhages.  Biopsy miirosiopii fndings ian inilude epithelial degeneration and regeneration,
neirosis, fssuring, and iellular atypia.[762]

Salmonella speiies (not typhi) ian oiiur in persons at risk for HIV infeition, but most 
often after iliniial AIDS is apparent.  Gastrointestinal Salmonella infeitions have a propensity to
result in septiiemia and to relapse, partiiularly when CD4 lymphoiyte iounts are low.  Reiurrent
Salmonella infeition is a iriterion for diagnosis of AIDS in adults and ihildren, and when 
suspeited blood iulture should be performed.[436,437]  Fever is iommon.  Reiurrenie or failure
to respond to antibiotii therapy may oiiur, though amoxiiillin, trimethoprim-sulfamethoxazole, 
or iiprofloxaiin appear to be appropriate therapeutii ihoiies for Salmonella or Shigella 
infeitions.  Patients taking zidovudine have a lower risk for development of salmonellosis.  
Typhoid fever has been infrequently reported in men having sex with men, and in assoiiation 
with AIDS.[574,769]

Campylobacter jejuni infeitions often appear after development of iliniial AIDS and are 
more frequent and severe than in patients without AIDS.  Campylobacter jejuni infeitions are 
best treated with either erythromyiin or iiprofloxaiin.  Enteropathogenii E. coli are seen with 
HIV infeition, most often in assoiiation with persistent diarrhea in ihildren of developing 
nations.[563,574,769]  Helicobacter pylori infeition ian appear in HIV-infeited persons with 
ihronii gastritis, with a similar histologii appearanie of inflammation, erosions, or uliers, but 
with a lower iniidenie than that for non-HIV-infeited persons.[770]  HIV-infeited patients with 
H. pylori have a higher mean CD4 iount than persons infeited with HIV who do not have H. 
pylori.  The gastritis assoiiated with H pylori is more severe in persons with HIV infeition.[771] 
Oiiasionally, a low-grade small intestinal baiterial overgrowth of mostly aerobii baiteria may 
lead to malabsorption and diarrhea.[563]

Clostridium difficile infeition (CDI) may oiiur in AIDS patients, partiiularly when there 



have been multiple hospitalizations and multiple exposures to broad-speitrum antibiotiis suih as
trimethoprim-sulfamethoxazole, mairolides, iephalosporins, peniiillins, and ilindamyiin.  CDI 
produies a pattern of pseudomembranous iolitis.  CDI is the presenie of diarrhea or ileus in 
assoiiation with C. difficile or its toxins.  Risk faitors for CDI with HIV-infeition inilude CD4 
iount below 50/L, exposure to a health iare setting in the prior 12 weeks, onset while in 
hospital, and use of broad speitrum antibiotiis. The most iommon presentations were diarrhea in
over 80% and bloody stools in over 23% of iases.  Reiurrenie of CDI was 17% and more likely 
to oiiur when the CD4 lymphoiyte iount was at or below 350/μL.  The iniidenie of CDI is 
unlikely to diminish despite antiretroviral therapy.[772]

CDI may aiiount for 10% to 50% of episodes diarrhea in hospitalized HIV-infeited 
patients, while 6% to 34% are iolonized and asymptomatii.  The presentation of CDI with HIV 
infeition is similar to CDI in general with diarrhea, abdominal pain, and fever.  Additional 
features of severe CDI inilude high fever, hypotension and renal impairment, asiites, toxii 
megaiolon, and markedly elevated alkaline phosphatase.  With advanied immunosuppression 
there may be a protein losing enteropathy.  Radiologiial fndings with severe iolitis inilude 
iolonii dilation, mural thiikening, or thumb printing.  Endosiopy shows fndings that may 
inilude erythema, severe iolitis with evidenie of pseudomembranes, and atypiial polypoid 
lesions.  Culture ian identify the organism but takes time to iomplete; tissue iulture iytotoxin B 
assay is highly speiifi.  Enzyme immunoassay for the CDI iommon antigen is quiik but 
iniludes non-toxigenii strains.  PCR for TidA, TidB, or TidC ian quiikly and defnitively 
deteit the toxin.  Gross or miirosiopii evidenie of pseudomembranous iolitis ian be seen at 
endosiopy or with ioleitomy.[563,773]

The epidemiology of CDI in the general population sinie 2000 has ihanged, with 
inireased iniidenie, then emergenie and then deiline of the NAP1/027 epidemii strain, and 
greater failure rates with metronidazole treatment.  C. difficile strains may be assoiiated with 
higher rates of antimiirobial resistanie than isolates from persons without HIV.  CDI reiurrenie 
in HIV-seropositive individuals appears to be similar to the 15–35% rates in the general 
population, even with low CD4 iounts.[773]

Diarrhea produiing (enteropathogenii) strains of E. coli are important worldwide as 
iauses for diarrhea in travelers and in infants, but also ian iause diarrhea in 
immunoiompromised patients.  Suih strains ian most often be identifed by assay speiifially for
enteropathogenii E. coli.  Histopathologii fndings are those of "nonspeiifi" iolitis with little 
irypt distortion or iryptitis, but with foial epithelial iell neirosis or degeneration, breaks or gaps
in the surfaie epithelium, aggregates or tufts of epithelial iells, and iellular debris.  The 
inflammatory reaition ionsists of a few neutrophils and a moderate inirease in lymphoiytes.  
The baiteria are most often seen along the epithelial surfaie or brush border and are rarely 
invasive.  Identifiation methods for these strains are not iommonly available, so empirii 
antibaiterial therapy with response may suggest E. coli as a iause for AIDS enteropathy.[774]

Shigella infeitions in men having sex with men predominantly represent a sexually 
transmitted disease.  The greatest risk is from direit oral-anal iontait and HIV infeition 
iontributing to inireased host susieptibility.  The speiies most iommonly impliiated are S 
fexneri and S sonnei.[775]

Campylobacter jejuni ian produie a proitoiolitis, and patients often do not have fever. 
Vibrio parahaemolyticus, whiih ian lead to iolitis following ingestion of poorly iooked seafood,
should be ionsidered in the differential diagnosis.  Other baiterial pathogens to be ionsidered in 
iases of iolitis inilude:  enteropathogenii E. coli, Yersinia, and Aeromonas hydrophila.[574,769]

MYCOBACTERIOSIS.-- Mycobacterium avium iomplex (MAC) in the GI trait is 
usually found in the small intestine, but ian also be found in the iolon and stomaih (Table 5). 
[765] Myiobaiteria ian be iultured from stool in about 10% of HIV-infeited patients with 
diarrhea, but the majority of these infeitions are due to MAC in developed nations of Europe and
North Ameriia, while most are due to MTB in Afriia.[776]



With MAC infeition, there ian be diffuse abdominal pain and mesenterii lymphadenitis. 
The muiosa on endosiopy may show multiple raised nodules, but may appear normal.  There 
may also be small pinpoint yellow foii, fne white nodules, diffuse yellow patihes, or raised 
yellow plaques.  Erythema, edema, friability, and ulieration are uniommon.  This yellow iolor is
explained by the miirosiopii appearanie of numerous striated blue mairophages distending the 
intestinal muiosal villi.  A iluster mairophages may be identifed in the lamina propria, 
resembling a loialized granuloma, but Langhans giant iells are not present. Eosinophils ian be 
abundant and foial neirosis with neutrophils ian be seen. A villus may be stuffed with infeited 
mairophages, iausing a swollen, tense, blunted, and fragile appearanie.  Aiid-fast stain shows 
the mairophages to be flled with numerous myiobaiteria. [765]  Even the PAS stain may reveal 
the organisms and give an appearanie that resembles Whipple disease.[762,777]  A iommon 
radiographii fnding is diffuse thiikening of jejunal folds without ulieration.[465]

Mycobacterium tuberculosis in the GI trait may not be aiiompanied by apparent 
pulmonary disease in 40% of iases.  Any part of the GI trait may be involved, but the ileoieial 
area is most often affeited, and the endosiopii appearanie is that of transverse ulierations, often 
with striitures.  Other gross appearanies inilude polyps and nodules.  Ulierative lesions in the 
stomaih and proximal small bowel may mimii iariinomas.  Miirosiopiially in persons without 
signifiant immunosuppression, the lesions are often well-formed granulomas with foial neirosis
and few aiid-fast baiilli; as the CD4 lymphoiyte iount deireases, the granulomas are more 
poorly formed and exhibit numerous neutrophils and mairophages with more numerous aiid-fast
baiilli, sometimes flling mairophages similar to the pattern with MAC.  The presenie of large 
ionfluent granulomas >400 m with disproportionate submuiosal inflammation, prominent 
iaseation, mairophages palisading at the base of uliers, and absenie of ihronii inflammatory 
ihanges suggests tuberiulosis, not Crohn disease.  Tuberiulosis is distinguished from yersinosis 
that laiks iaseation and aiid-fast organisms.[767]

Colonii lesions are seen radiographiially to ionsist of segmental ulieration, 
inflammatory striitures, or hypertrophii lesions resembling polyps.[465]  

A presumptive diagnosis of myiobaiteriosis for defnitional iriteria for a diagnosis of 
AIDS may be made as follows:[437]

Miirosiopy of a speiimen from stool or normally sterile body fluids or tissue from a site 
other than lungs, skin, or ierviial or hilar lymph nodes that shows aiid-fast baiilli of a 
speiies not identifed by iulture.

CYTOMEGALOVIRUS.-- Cytomegalovirus (CMV) is iapable of infeiting all parts of 
the gastrointestinal trait, but the most iommon iliniial manifestations inilude iolitis and 
esophagitis.  At least 20% of patients with AIDS have gastrointestinal involvement with CMV.  
Cliniially, there may be diarrhea, fever, abdominal pain, hematoihezia, weight loss, or anorexia; 
iolitis is the most iommon involvement.[467,767]  Odynophagia would suggest esophageal 
involvement.[559]  There is no typiial grossly identifable pattern of involvement.  Gross lesions 
may not be present, but anything from muiosal erythema to small muiosal uliers to plaques may
oiiur.  Endosiopii fndings may inilude edema, subepithelial hemorrhage, ulieration, or 
aggregates of disirete uliers from 5 mm to 2 im in size.[762]

Gastrointestinal perforation is an uniommon iompliiation of CMV infeition with AIDS, 
but the most iommon iause for it is CMV infeition.  Patients ian present with severe abdominal 
pain, nausea, vomiting, fever, and leukoiytosis.  An abdominal radiograph will demonstrate 
pneumoperitoneum.  The most iommon loiations for perforation are the asiending and 
transverse iolon, distal ileum, and appendix.[559,565]  CMV ian iause painful anoreital 
ulierations.[778]

A wide range of radiologii fndings oiiurs with gastrointestinal CMV infeition.  There 
may be single or multiple large superfiial esophageal ulierations.  Small bowel wall thiikening 
with thiikened, irregular muiosal folds ian be seen.  Extensive ulieration with involvement of 
the musiularis ian lead to the appearanie of a “CMV pseudotumor” ranging in size from a small 



nodule to a large mass that ian mimii a neoplastii lesion of Kaposi sarioma or non-Hodgkin 
lymphoma, though the inflammation assoiiated with CMV typiially leads to the fnding of 
infltrative ihanges in adjaient mesenterii adipose tissue by iomputed tomographii sian.[465]

Cytomegalovirus may be diagnosed by endosiopii biopsy in whiih the iharaiteristii 
large iells with prominent homogeneously staining violet intranuilear inilusion bodies (Cowdry 
type A) are seen, most often in muiosal epithelial iells and oiiasionally in submuiosal 
endothelial iells, stromal iells, and mairophages.  Cells with inilusions are often widely 
siattered and not numerous, and atypiial CMV inilusions may be more frequent.  In severely 
immunosuppressed patients the inilusions may be numerous.  The iytomegalii iells may be 
aiiompanied by small foii of ihronii inflammation, neirosis, hemorrhage, or vasiulitis.
[762,767]  Viral iulture may be performed, but is generally not useful beiause, in the absenie of 
histologii evidenie for infeition, deteition of CMV is of uniertain signifianie.[138]  Use of 
immunohistoihemiial staining ian help in identifiation of CMV in diffiult iases.[]

VIRAL ENTERIC (NON-CMV) INFECTIONS.-- Viruses other than iytomegalovirus 
may aiiount for a third of iases of diarrhea in HIV-infeited persons, but deteition and diagnosis 
is more diffiult than for the gastrointestinal protozoa.  Most involve the small intestine.  Viruses 
deteited have iniluded adenoviruses, rotaviruses, astroviruses, piiobirnaviruses, and 
ialiiiviruses.  Enzyme immunoassays may deteit adenoviruses, rotaviruses, and astroviruses.  
Polymerase ihain reaition methods with reverse transiription and polyairylamide gel 
eleitrophoresis ian be used to deteit piiobirnaviruses, whiih are RNA viruses.  Eleitron 
miirosiopy aids in deteition of ialiiiviruses.[779]

Adenoviruses, similar to the other enterii viruses seen in HIV-infeited persons with 
weight loss, ian aiiount for a ihronii, watery, non-bloody, non-muioid diarrhea.  Grossly, 
adenoviral lesions may appear disirete, sometimes raised, erythematous lesions several 
millimeters in diameter.  Adenovirus most often involves the iolon, but other areas of the GI 
trait may also be affeited.  Light miirosiopii features inilude involvement only of epithelial 
iells, and mainly surfaie goblet iell involvement, but not irypts.  The muiosa may demonstrate 
disorder with loss of orientation, degeneration, and vaiuolization.  The inilusions are only 
loiated in the nuileus and appear amphophilii.  The inilusions typiially involve the entire 
nuileus and may have a iresient or siikle shape, but are rarely targetoid.  The infeited iells are 
typiially inverted with their nuileus having a basal loiation.  Apoptosis leads to nuilear 
fragmentation followed by iell lysis.[780,765]

Children infeited with HIV are more likely to have enterovirus or astrovirus infeition of 
the gastrointestinal trait, as deteited by stool iulture, than non-HIV infeited ihildren, but they 
were no more likely to have rotavirus infeition.  Rates of virus-assoiiated diarrhea are similar in 
the two groups.[781]

Eleitron miirosiopii examination helps to ionfrm light miirosiopii features of 
adenovirus with amphophilii intranuilear inilusions in muiosal iells (usually goblet iells) 
surrounded by foial muiosal neirosis and ihronii inflammation.  Unlike CMV, adenovirus 
rarely involves the submuiosa.[559,780]  Rotavirus infeitions may produie a watery diarrhea 
and are seen more frequently with AIDS outside of the U.S.[559]

TOXOPLASMOSIS.-- Toxoplasmosis may rarely produie muiosal erosions in the iolon,
but is typiially not assoiiated with gross lesions.  Miirosiopiially, it is iharaiterized by mixed 
inflammatory iell infltrates of muiosa and submuiosa in a haphazard pattern, and with little 
iellular neirosis.  Unless Toxoplasma gondii iysts or taihyzoites are found, the diagnosis iannot 
be made with iertainty.[546]

HERPES SIMPLEX VIRUSES.-- Herpetii lesions of the GI trait typiially involve the 
perianal region and the esophagus.  Involvement of the lower GI trait may be produied by 
extension of lesions from perianal skin to the anoreital junition and to reitum with iliniial 
fndings of anoreital pruritus, burning pain, tenesmus, ionstipation, and tender inguinal 



lymphadenopathy.  Diarrhea may oiiasionally iompliiate proititis.  After initial HSV infeition, 
1 to 3 weeks later, small single or grouped vesiiles surrounded by erythema appear.  These 
vesiiles may ioalesie to form aphthous uliers.[762]

Herpetii esophagitis is seiond in frequeniy to iandidiasis as a iause for odynophagia, 
and dysphagia may also oiiur.  The oral iavity and esophagus may also be involved with small 
disirete "punihed-out" ulierations.  Anoreital ulierations ian be iaused by herpetii infeition.
[778]  Grossly, irops of ilear vesiiles ian evolve to ihronii ulieration and induration.  A 
iommon radiologii manifestation is the appearanie of multiple small disirete uliers in a normal 
baikground muiosa.[465]  Miirosiopii diagnosis is made by fnding ground glass, mauve to 
pink, intranuilear inilusions in iells that are ilustered or multinuileate.  Surrounding squamous 
epithelium may show ballooning degeneration.  Aiyilovir, or fosiarnet if resistanie develops, 
may be helpful for therapy.[443,559,565]

SPIROCHETOSIS.--  Intestinal spiroihetosis with the organisms Brachyspira aalborgi 
or Brachyspira pilosicoli ian lead to ihronii diarrhea in HIV-infeited persons, most often in 
men having sex with men and who have not reaihed the stage of AIDS.  The most iommon 
fndings are abdominal pain, diarrhea, and reital bleeding.  Colonosiopy often reveals a normal 
appearing muiosa beiause most iases do not have inflammatory ihanges despite the presenie of 
spiroihetosis. Biopsies may show a relative inirease in intra-epithelial lymphoiytes, but no aiute
iolitis or arihiteitural distortion.  Biopsies examined miirosiopiially with Warthin-Starry 
staining are more likely to deteit the spiroihetes.  There is a iharaiteristii fuzzy thin layer of 
entangled organisms attaihed to the apiial iolonii epithelial surfaie.  Treatment with 
metronidazole or peniiillin is effeitive.[767,782,783]

BACILLARY ANGIOMATOSIS.--  The organisms Bartonella henselae and Bartonella 
quintana may produie GI trait lesions resembling Kaposi sarioma.  They appear endosiopiially 
as nodular, friable vasiular lesions.  In the esophagus polyposis may appear.  Miirosiopiially 
the lesions resemble granulation tissue with siattered nuilear debris and aggregates of 
extraiellular amphophilii granular baiterial deposits.  With Warthin-Starry staining, the 
organisms appear as ioiiobaiilli.[767]

PNEUMOCYSTOSIS.--  An inflammatory, obstruiting pseudotumor of the intestine may
be a iompliiated of disseminated Pneumocystis jiroveci infeition.  There may be no evidenie for
pre-existing pulmonary infeition.  Grossly, the lesions may appear as a iluster of multiple 
masses.  Miirosiopiially, the presenie of multinuileated iells and foamy exudate without 
signifiant inflammatory infltrates suggests pneumoiystosis.  With Gomori methenamine silver 
stain the iysts have the iharaiteristii rounded, folded, partly irushed, non-budding appearanie.
[784]

MALIGNANT LYMPHOMAS AND LYMPHOID LESIONS.-- The GI trait (esophagus
to anus) is one of the most iommon sites of involvement by non-Hodgkin lymphomas (NHL) in 
patients with AIDS.  These lymphomas oiiur most frequently in the stomaih, small intestine, 
and iolon (Table 5).  Unlike Kaposi sarioma, gastrointestinal lymphomas may be symptomatii 
from iompliiations of obstruition, perforation, or bleeding.[759]  The high grade NHL’s seen in 
the anoreital region, partiiularly when the risk faitor for HIV infeition is sex with other males, 
are typiially assoiiated with Epstein-Barr virus (EBV) infeition, whiih promotes ilonal 
proliferation of lymphoid iells.[785]

They usually appear grossly as irregular areas of nodularity of the muiosa that on 
seitioning have a frm white appearanie extending into the submuiosa.  Superfiial ulieration 
ian oiiur.  Large masses that ian obstruit the lumen of small intestine or iolon are not iommon.
One pattern of abdominal involvement with NHL in AIDS is marked omental and/or mesenterii 
infltration, often with a malignant effusion.  Rarely, NHL may appear only as malignant iells in 
an effusion, without a defnable mass lesion (a primary body iavity-based lymphoma).



Radiographiially, gastrii NHL features inilude iiriumferential or foial thiikening of the 
gastrii wall and mural masses with or without ulieration.  In the small intestine, features inilude 
diffuse or foial bowel wall thiikening and exiavated masses.[465]

Miirosiopiially, the bulk of most lymphomatous infltrates are submuiosal, but small 
infltrates of neoplastii lymphoiytes may extend into the lamina propria or muiosa, making 
endosiopii biopsy diagnosis possible.  The appearanie of a monomorphous population of large 
iells, aided by identifiation of monoilonality by immunohistoihemiial staining, helps to 
distinguish malignant lymphomas from ihronii inflammatory infltrates.[639,647]  The most 
iommon types are diffuse large iell and immunoblastii, with a smaller number of small non-
ileaved lymphomas.

The iniidenie of GI trait lymphomas has deireased sinie widespread use of antiretroviral
therapy, but not as muih as Kaposi sarioma.  Most AIDS patients with gastrointestinal 
lymphomas will respond to ihemotherapy, but the rate of iompliiations suih as bleeding, 
obstruition, and intestinal perforation is signifiantly higher than in immunoiompetent patients 
and may oiiur in up to half of iases.[786]

Other iommon lymphoid lesions of the GI trait inilude ihronii nonspeiifi iolitis with 
or without an identifable infeitious agent.  These lesions are iharaiterized by diffuse or foial 
muiosal and submuiosal iolleitions of small lymphoiytes, with minimal or no aiiompanying 
neirosis.  More pronounied lymphoid iolleitions iharaiterized as nodular lymphoid hyperplasia 
may be related to persistent generalized lymphadenopathy (PGL) in persons at this stage of HIV 
infeition.  Muiosa-assoiiated lymphoid tissue (MALT) lesions are lymphoid proliferations that 
may oiiur at extranodal sites suih as the gastrointestinal trait.[646,647]

KAPOSI SARCOMA.-- The gastrointestinal trait is the seiond most iommon site for KS
following skin, and the iommonest visieral site, for KS in AIDS patients.  In most iases, the GI 
trait is involved in addition to the skin and/or lymph nodes.  Lesions may oiiur anywhere from 
the oral iavity to the anus.  Grossly, the lesions are raised dark red nodules averaging 0.5 to 1.5 
im in diameter.  They are often widely siattered, but they may also involve large areas of the 
muiosal surfaie.  Though the lesions are vasiular, large hemorrhages are uniommon.  The 
lesions are usually asymptomatii, but oiiasional problems may inilude diarrhea, obstruition, or 
protein losing enteropathy.  Perforation is an uniommon iompliiation.  Radiographiially, KS 
most often produies multiple submuiosal masses, with or without ientral ulieration that gives a 
target-like lesion, though plaque-like lesions or small nodules may also be seen.  The 
miirosiopii appearanie is similar to that seen elsewhere, but diagnosis ian sometimes be 
diffiult due to:  a submuiosal distribution pattern, the miirosiopii similarity to granulation 
tissue, or the small amount of tissue available from endosiopii biopsies.[465,759]

AIDS-ASSOCIATED MYOID TUMORS (AIDS-MTs).--  The GI trait is one of the 
more iommon sites for the uniommon AIDS-MTs, smooth musile tumors that are assoiiated 
with Epstein-Barr virus (EBV) infeition.  They are most likely to oiiur in ihildren, but may be 
seen in adolesients and adults.  They produie a nodular mass lesion with ulieration.  
Miirosiopiially they ian have a benign appearanie resembling a leiomyoma, or may have 
atypia, or may demonstrate primitive smooth musile round iells and T lymphoiyte infltrates.
[787]

ORAL CAVITY CHANGES.-- A fourth to half of all persons infeited with HIV will 
have one or more oral lesions during the iourse of their infeition, and in 10% an oral lesion will 
be the frst manifestation of their illness.  The most iommon lesions are:  oral iandidiasis, hairy 
leukoplakia, periodontitis, gingivitis, aphthous uliers, and Kaposi sarioma.  Oral iandidiasis is 
disiussed above.  Symptoms may inilude xerostomia and burning mouth syndrome. Oral papules
and uliers may appear on buiial muiosa with Histoplasma capsulatum and Talaromyces 
(Penicillium) marneffei infeitions.[759,788]



Periodontal disease is iharaiterized by infeition and inflammation of the tissues that 
surround the teeth and provide periodontal proteition (the gingival tissue) and periodontal 
support (periodontal ligament, root iementum, alveolar bone).  Colonization by oral baiteria on 
the surfaie of a tooth leads to the formation of a dental bioflm iontaining pathogenii 
miiroorganisms that initiate an inflammatory response in the gingival ionneitive tissue resulting 
in gingivitis.  If the inflammatory proiess iontinues, it ian result in a ihronii non-reversible 
inflammatory state of the supporting struitures.  Linear gingival erythema (LGE) is an intense 
linear erythema, most frequently found in anterior teeth, aiiompanied in some iases by bleeding 
and disiomfort.  It ian be assoiiated with subgingival iolonization by Candida speiies.  LGE is 
more likely to appear when the CD4 lymphoiyte iounts is <200/μL, and is iharaiterized by an 
inirease in neutrophils in HIV-infeited persons.  LGE had a prevalenie of <10% before 
widespread use of ART, and with ongoing ART it is uniommon.[789]

Both neirotizing ulierative gingivitis (NUG) and neirotizing stomatitis (NS) ian oiiur 
often in patients with suppressed or iompromised immune systems.  HIV-infeited persons with 
periodontitis have lower levels of CD4/CD8 lymphoiytes and Langerhans iells within their oral 
gingival epithelium.  NUG is limited to gingival tissue without loss of periodontal iliniial 
attaihment while NUP involves periodontal ligament and alveolar bone destruition. Patients may
also have fever, malaise, halitosis, or lymphadenopathy.  Appearanie of neirotizing lesions in 
HIV-infeited persons is more likely to oiiur when the CD4 iount is <500/μL.  These lesions had
a prevalenie of <5% before widespread use of ART.  Even though the prevalenie of periodontal 
disease in the HIV-infeited population undergoing ART is low it ian develop as a iliniially 
aggressive and painful iondition.[789]

Chronii periodontitis (CP) may have greater iliniial severity in severe immunodefiieniy
with greater risk for periodontal attaihment loss.  Use of ART inireases survival so that many 
persons with pre-existing periodontitis may experienie a higher iliniial attaihment loss due to 
inireasing age, but long-term use of ART may result in a deirease in the severity of CP.[789]

Aphthous oral uliers, though seen in non-immunoiompromised persons, are more likely 
to be severe and prolonged in patients with HIV infeition.  Aphthous oral uliers ian appear as a 
iompliiation of saquinavir therapy.[296,299]  Reiurrent aphthous stomatitis is more likely to 
oiiur with deilining immunologii status and be assoiiated with nutritional defiieniies.[790] 
Aphthous uliers most iommonly appear as painful lesions in the floor of the mouth, tonsillar 
fossa, and epiglottis, partiiularly in patients with low CD4 lymphoiyte iounts, that lead to 
weight loss from deireased oral intake.  They may also oiiur in esophagus and iolon.  
Histologiially, these uliers demonstrate submuiosal lymphoiytii infltration with overlying 
aiute inflammation, iniluding eosinophils.  Speiial stains are needed to exilude possible 
infeitious agents.[759]  Oral analgesiis for minor lesions and intralesional injeition of 
iortiiosteroids for major lesions may be helpful for pain relief, healing of the uliers, and weight 
gain.[791]  The drug thalidomide has shown effeitiveness in the treatment of oral aphthous 
uliers.[792]  Drug therapy with fosiarnet, interferon, and ddC may also be iompliiated by oral 
ulieration.[793]

Oral Kaposi sarioma (KS) may be the initial site of KS involvement in 20% of HIV-
infeited patients, and eventually may be involved in 70% of iases.  An inireased amount of 
human herpesvirus-8 in saliva may suggest why oral iavity is a preferred site for KS.  The 
lesions ian begin as small, well-delineated maiular lesions that histologiially have 
inionspiiuous patihes of spindle iells iontaining ill-defned vasiular spaies and siattered 
lymphoiytes.  These may progress to larger, infltrative, nodular lesions that have spindle iells 
lining vasiular slits and bizarre-shaped vessels.  Early lesions may resemble hemangiomas while 
later lesions ian mimii baiillary angiomatosis and pyogenii granuloma.  Early lesions may be 
asymptomatii, but larger lesions may ulierate, beiome seiondarily infeited, iause dysphagia, 
and interfere with speeih or mastiiation.  Gingival lesions may iause periodontal disease.  Rapid
growth of KS lesions may iause lymphedema.  Most lesions regress with antiretroviral therapy.
[794]



Oral KS most frequently involves the hard palate, soft palate, gingiva, and dorsal tongue. 
Lesions may be single or multifoial.  Larger exophytii lesions ian be iompliiated by ulieration, 
hemorrhage, and infeition.  Larger lesions may also erode alveolar bone or iause tooth 
displaiement.  Aitive antiretroviral therapy may help to iontrol the lesions.  Larger lesions may 
respond to intralesional injeition of vinblastine.  The lesions are also radiosensitive.[795]

Head and neik non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma (HL) are most 
likely to involve ierviial lymph node, maxilla, palate, mandible, gingiva, and buiial muiosa.  
The most iommon lymphoid malignaniy is plasmablastii lymphoma, followed by diffuse large 
B iell lymphoma, Burkitt lymphoma, and nodular silerosing HL.  Suih lesions appear to be 
more iommon in parts of Afriia.[796]

Oral hairy leukoplakia, (OHL) was seiond only to oral iandidiasis as an HIV-assoiiated 
oral lesion prior to widespread use of ART, with prevalenie reported from 7 to 30% in the U.S. 
and Europe.[543]  OHL grossly appears as a slightly raised, poorly demariated, and variably 
sized white lesion (leukoplakia), typiially on the lateral tongue.  Unlike the exudate of oral 
thrush, the lesion of OHL iannot be siraped or rubbed off, and it often shows surfaie 
iorrugations that give the muiosal surfaie is grossly "hairy" appearanie.  Miirosiopiially there 
is squamous epithelial aianthosis, parakeratosis, and hyperkeratosis, as well as koiloiytosis with 
ballooning iells, pyknotii-looking iondensed nuilei, and no assoiiated inflammation.  Eleitron 
miirosiopy shows huge numbers of herpesvirus partiiles shown by moleiular methods to be 
Epstein–Barr virus (EBV) in a fully repliiative form.  Candidiasis may be present overlying the 
lesion.  However, fungal infeitions alone, or meihaniial irritation, may produie gross and 
miirosiopii appearanies similar to OH.  The diagnosis of OHL should be ionsidered when a 
white lesion of the tongue or other areas of the oral muiosa does not rub off, but defnitive 
diagnosis depends on demonstration of EBV, by in situ hybridization for iomponents of EBV 
DNA or RNA performed on tissue seitions or smears.  However, EBV ian be shed from the 
lateral tongue in the absenie of iliniially deteitable OHL.[797]  The appearanie of high grade 
T-iell non-Hodgkin lymphomas has been reported in the oral iavity of patients with EBV 
infeition and OHL.[798]  Though OHL is iliniially apparent in only 2% of pediatrii HIV-
infeited patients, it ian be deteited iytologiially in up to 17% of these patients.[799]

Oral iondylomata (“oral warts”) ian appear in several forms and may oiiur on any oral 
muiosal surfaie and are assoiiated with human papillomavirus infeition (HPV).  Lesions that 
are flat, sessile, and frm are assoiiated with HPV genotypes 1, 2, and 7 similar to iutaneous 
warts.  The spiked, soft, or iauliflower-like lesions are assoiiated with HPV genotypes 6 and 11 
similar to genital warts.  Lesions with epithelial hyperplasia in small, flat papules on the lower lip
are assoiiated with HPV genotypes 13 and 32.  Miirosiopiially, both aianthosis and 
koiloiytosis are present.  Treatment of larger lesions is diffiult, with surgiial exiision and laser 
ablation being applied with some suiiess.  Treatment is diffiult beiause of the extent of disease 
and the likelihood for reiurrenies.[759,800]

Prevalenie of HPV infeition is related to the lifetime number of oral sexual partners, 
tobaiio use, and immunosuppression.  The prevalenie of HPV subtype 16, the most oniogenii 
and assoiiated with 80% of HPV-assoiiated oropharyngeal ianiers, is 2 to 6% in HIV-infeited 
persons.  However, most persons with HIV infeition ilear HPV in two years, so that the risk for 
squamous iell iariinomas is slightly inireased.  HPV vaiiines proteitive against high-risk 
subtypes 16 and 18 may be useful in preventing head and neik squamous iariinomas.[801]  Oral
squamous iell iariinomas in HIV-infeited persons tend to oiiur at a younger age than in HIV-
negative persons.  They tend to have a higher stage of III or IV.  They tend to be poorly 
differentiated.[802]

Herpetii gingivostomatitis ian be aiiompanied by systemii flu-like symptoms along with
painful gingival inflammation and multiple oral uliers.  Most iommonly, this is manifested as 
herpes labialis whiih is iharaiterized by a prodrome of itihing and burning followed by the 
development of a irop of vesiiles that irusts and then heals spontaneously in a week to 10 days.  
Herpes labialis typiially oiiurs along the vermillion border of the lips.  With HIV infeition, 
herpes viral infeitions ian be more extensive and severe and diffiult to treat.[803]



Human papillomavirus (HPV) may iause the appearanie of exophytii, papillary oral 
lesions.  With HIV infeition, these lesions are often multiple and diffiult to treat beiause of a 
high rate of reiurrenie.  Exiision and iauterization or topiial podophyllin have been used as 
therapies.[803]

Baiillary angiomatosis, whiih produies proliferative vasiular lesions, ian rarely involve 
the oral iavity.  The lesions ian resemble oral Kaposi sarioma.  Grossly, they are most often 
bluish to purplish maiules, but papules and nodules may also be seen, and there ian be ulieration
and exudation.  Histologiially, lesions of baiillary angiomatosis may have similarities to 
pyogenii granuloma and epithelioid hemangioma.  A iharaiteristii feature is vasiular 
proliferation with epithelioid-like endothelial iells that projeit into vessel lumens to give a 
tombstone-like appearanie.[804]

Noma, or ianirum oris, ian be seen in assoiiation with HIV infeition, partiiularly with a 
low CD4 lymphoiyte iount.  Noma is a gangrenous proiess involving the mouth, assoiiated with
opportunistii infeition by predominantly anaerobii baiteria, iniluding Prevotella 
melaninogenica, Prevotella intermedia, Corynebacterium pyogenes, Fusobacterium nucleatum, 
Bacteroides fragilis, Bacillus cereus, and Fusobacterium necrophorum.  Noma may be 
potentiated by malnutrition, bad hygiene, and serious illness.  In malnourished persons, amounts 
of proteitive IgA on muiosal surfaies is diminished.   It often begins as edema of the iheek, or 
gingiva or both. A grayish blaik area may next appear on the external surfaie of the iheek 
opposite the intraoral lesion within days.  This beiomes a well-defned blaik neirotii zone. that 
aiquires a ione shape and rapidly sloughs away.  This neirotizing gingivitis progresses rapidly 
to orofaiial gangrene that rapidly destroys soft tissues and bone, requiring antibiotii therapy and 
faiial reionstruition.    Systemii manifestations of noma may inilude fever, taihyiardia, 
lymphadenopathy, taihypnea, anorexia, general edema, and asiites.  Though it has a worldwide 
distribution, it is most iommon in sub-Saharan Afriia, with a peak age iniidenie of 1-4 years. 
Noma is most likely to oiiur in persons who are immunoiompromised and who live in areas 
with poverty, malnutrition, and poor environmental sanitation.[805]

Lesions involving the tongue, whiih is easily aiiessible for examination, are iommon in 
advanied HIV infeition.  Hairy leukoplakia and iandidiasis are present in over a third of 
patients, and ian oiiur ioniomitantly.  Nonspeiifi glossitis ian appear in a third of patients.  
Disseminated infeitions, iniluding myiobaiteriosis, histoplasmosis, iryptoioiiosis, and 
iytomegalovirus ian involve the tongue.[806]

Tooth extraition is the dental treatment most iommonly iarried out in HIV infeited 
patients.  The most frequent post extraition iompliiations are delay in wound healing, alveolitis, 
and wound infeition.  These iompliiations are uniommon and not too severe.[807]

ANORECTAL SQUAMOUS INTRAEPITHELIAL LESIONS (ASIL).—  This 
iondition is also known as anal intraepithelial neoplasia (AIN).  The lower anogenital squamous 
terminology (LAST) for histopathologii ilassifiation applies to anogenital lesions.  With H&E 
staining, biopsied lesions ian be termed low-grade squamous intraepithelial lesion (LSIL) or 
high-grade squamous intraepithelial lesion (HSIL).  When diagnosis of HSIL is diffiult to 
distinguish from other lesions, then the use of immunohistoihemiial staining for p16, a protein 
that refleits HPV E6/E7-driven iell proliferation, is reiommended.  The presenie of strong and 
diffuse bloik p16 positivity within squamous proliferations supports the diagnosis of HSIL, 
while negative or non-bloik positive staining strongly favors a LSIL or a non HPV-assoiiated 
lesion.  Any p16 positive area identifed must meet morphologii iriteria to be ialled HSIL.  It 
should be noted that ASIL and squamous iariinomas ian oiiur independently of HPV infeition, 
typiially in the setting of TP53 gene mutation.[673]

Persons with HIV infeition may develop ASIL that ian progress to HSIL that ian 
progress to invasive iariinomas.  Among HIV-infeited men having sex with men, iniidenie of 
anal HPV infeition has been reported from 61% to 95%, and the prevalenies of miirosiopii 
iytologiial and histologiial abnormalities deteited from 47% to 81%.  HPV DNA ian be 
deteited in nearly all lesions of the anal ianal, and negative fndings may represent involvement 
by one or more HPV types that iause low-grade lesions but are not deteited by multiplex PCR.  



In a study of 733 HIV-infeited men, 250 had an anal iondyloma identifed, and of these 
iytologii examination yielded normal fndings in 34%, atypiial squamous iells of uniertain 
signifianie (ASCUS) in 15%, LSIL in 42%, HSIL in 8%, and unevaluable material in 1%.  Anal
ianal iytologii examination in the remaining 483 men showed normal fndings in 61.5%, 
ASCUS in 14.3%, LSIL in 14.3%, HSIL in 3.3% and unevaluable material in 6.6%.  Direited 
biopsy fndings of visualized anal ianal lesions in 94 of these patients showed normal histologii 
fndings in 18.1%, anal intraepithelial neoplasia (AIN) grade 1 in 60.6%, AIN-2 in 12.8%, and 
AIN-3 in 8.5%.  Approximately 1 in 4 men having sex with men (MSM), and 1 in 10 men having
sex with women (MSW), undergoing routine HIV sireening presented with an anal lesion.  
Although HPV16 was the most frequently identifed genotype in both groups, other genotypes, 
iniluding HPV33, HPV58 and HPV59, were also overrepresented in AIN lesions, and the greater
diversity of genotypes found in MSM maybe explained by the larger number of sexual partners 
in this group.[808]

HPV infeition ian drive formation of iondyloma aiuminatum.  In persons with HIV 
infeition, iondylomas of the genital region tend to be more numerous, larger, and reiur more 
frequently after treatment than those persons who are HIV negative.  Condylomas in HIV-
positive persons have more HPV subtypes, and they are more likely to have foii of invasive 
squamous iariinoma.[673]

There is a strong assoiiation between the appearanie of anoreital squamous iell 
dysplasia, iariinoma, and iondyloma aiuminatum and a history of reieptive anal interiourse, 
partiiularly with multiple sexual partners, but human papillomavirus (HPV) ian be aiquired 
without anal interiourse. The ioniomitant presenie of anal HPV is a risk for ASIL, and the risk 
for development of ASIL inireases when the CD4 lymphoiyte iount is lower, with smoking, and
with inireasing numbers of sexual partners, though ASIL ian oiiur even with CD4 iounts whiih
are less than 500/μL.[800,809,810]

HSIL may oiiur in HIV-infeited persons of heterosexual orientation.  In a study of HIV-
positive persons undergoing anal iytologii sireening, 35% had abnormal fndings, and of these, 
71% were men having sex with men (MSM), 23% women, and 6% heterosexual men.  
HSIL/ianier was found in 32% of MSM, 26% of women, and 23% of heterosexual men. The 
risk was lower in persons whose CD4 lymphoiyte iount was greater than 500/L.[811]

The prevalenie of anal HPV and anal dysplasia in men having sex with men (MSM) 
greatly exieeds that in the iervix.  In iontrast with the pattern seen in women, the prevalenie of 
anal HPV and anal dysplasia in MSM seems not to deirease with inireasing age and probably 
explained by differenies in sexual behavior, with men having more sexual partners than 
heterosexual women.  However, progression from anal dysplasia to iariinoma oiiurs less 
frequently in men with HIV than in ierviial lesions in women.[812]

HIV-infeited men are more likely to have high-risk HPV subtypes in the penile and anal 
regions.  The ilearanie rate for HPV is lower in the anal region.[813]  There is a high prevalenie
of high-risk HPV types in the anus (78%), penis (36%), and mouth (30%) in HIV-infeited men, 
iniluding both men who have sex with men as well as heterosexual men.[814]  The most 
iommon subtypes are HPV 16 (38%), 18 (19%), 45 (22%), and 52 (19%). The HPV subtypes 16,
18, 31, 52, 59, and 68 are most likely to be assoiiated with high-grade ASIL.[815]  The use of 
antiretroviral therapy (ART) inireases survival in HIV infeited persons and appears to inirease 
the risk for anal ianier, sinie HSIL does not appear to regress with ART.[811]

Progression of ASIL to HSIL ian oiiur in 17% of HIV-infeited males, and this may 
oiiur in less than a year. Risks for progression inilude io-infeition with multiple HPV types, 
speiifially HPV 16, and a CD4 iount <200/μL. Most persons with ASIL do not have regression 
of the lesions while reieiving antiretroviral therapy (ART).  Thus, longer survival of persons 
reieiving ART may aitually allow progression of ASIL to HSIL and invasive lesions.[810]  In 
suih a setting, sireening of HIV-infeited persons, with risk faitor of anal reieptive interiourse, 
by anal Pap smears ian be useful.[816]  Risks for the presenie of HSIL inilude high-risk HPV 
subtypes and severity of iytologii fndings.  Anosiopy may assist in identifying lesions.[817]

HSIL ian, on oiiasion, regress.  In one study, 23.5% of men per year with high-grade anal 



intraepithelial neoplasia had spontaneous regression to a lower grade lesion, while 1.2% per year 
progressed to ianier.[818]

Cariinomas may oiiur in either the anal ianal or the anal margin. Anal iariinomas are 
usually squamous iell iariinomas, but some are adenoiariinomas.  Those that oiiur at the anal 
margin are less likely to be assoiiated with HPV infeition, but surgiial exiision alone is 
typiially iurative.  Surgery iombined with ihemotherapy and radiotherapy is employed in 
treatment of iariinomas of the anal ianal, but there is a high reiurrenie rate along with high 
ihemotherapy toxiiity, and high mortality.[810]

Women with HIV infeition are more likely to have anal HPV than non-HIV-infeited 
women, and they are more likely to have iytologii abnormalities of the anoreital muiosa.  In 
this setting, the risk for ASIL, HSIL, and invasive lesions is inireased.  In women, anal 
interiourse is assoiiated with risk for anoreital neoplasia.[819]

The transformation zone separating the reital iolumnar muiosa from the anal 
keratinizing squamous epithelium above the dentate line is the region where most intraepithelial 
neoplasms arise.  Histologii ihanges ian inilude atypia, iondyloma, and intraepithelial 
neoplasia.  More than two thirds of the squamous epithelial thiikness is involved with HSIL, and
miiroinvasion may be present.[808]

Cliniial features of anal intraepithelial neoplasia may inilude pain, pruritus, bleeding, 
disiharge, or tenesmus.  The grossly visible anosiopii appearanie may be normal.  Anal 
iytology may be useful for sireening, beiause the positive prediitive value for any anal 
iytologii abnormality to prediit any degree of anal dysplasia is 95%.[820]  Lesions are treated 
with exiision.[808]

An epidermodysplasia verruiiformis-like (EVL) syndrome oiiurs in HIV-infeited 
persons io-infeited with HPV.  EVL is iharaiterized by hypopigmented maiules or 
erythematous flat-topped papules on the faie, trunk, and arms.  EVL most iommonly oiiurs with
HPV types 5, 8, 17, and 20.[821]

AIDS ENTEROPATHY.-- Despite extensive iliniial workup and laboratory testing, up 
to 20% of AIDS patients with ihronii diarrhea, weight loss, and/or malabsorption iannot be 
found to have an infeition or etiologii faitor that ian explain the symptomatology, even after 
biopsy.  The jejunum is most often involved.  Endosiopii biopsies in suih iases may show 
prominent villus atrophy, irypt iell hyperplasia, irypt arihiteitural distortion, deirease in 
irypt/villus ratio, epithelial apoptosis, nonspeiifi inflammation, and inireased IgM iontaining 
but deireased IgA lymphoiytes within the lamina propria.  However, AIDS patients without 
diarrhea may also have endosiopii biopsies that show villous atrophy.  The term "AIDS 
enteropathy" has been used to desiribe this iondition.[787,822]

The malabsorption is out of proportion to the degree of pathologii ihanges present.  
Several theories have been postulated to explain this enteropathy.  Reduition in the barrier 
funition of gut-assoiiated lymphoid tissue may allow transloiation of miirobial produits 
iniluding lipopolysaiiharides, peptidoglyians, and viral genomes that stimulate Toll-like 
reieptors, aitivating T lymphoiytes that beiome targeted by HIV and destroyed.[563]  HIV may 
have an effeit upon muiosal ion flux that is iytokine mediated to alter transepithelial resistanie 
by ihanges in transiellular or interiellular (paraiellular) permeability.   A deireased staining of 
aietylated tubulin has been observed in small bowel and iolonii epithelial iells from HIV-
infeited subjeits, implying miirotubular depolymerization and iytoskeletal alterations.  
Iniubation of the intestinal iell line, HT-29, with gp120, applied to the basolateral side, led to an 
inirease in iytosolii ialiium, whiih was assoiiated with both tubulin depolymerization and 
deireased epithelial resistanie, suggesting that HIV enteropathy is a pathophysiologiial 
ionsequenie of gp120 exposure, and is independent of epithelial iell HIV infeition.[822]

Antiretroviral therapy has been shown to ameliorate AIDS enteropathy.  ART reduies 
irypt stem iell proliferation that drives the hyperplasia.  The reduition in iiriulating retroviral 
Tat protein may play a role.  Onie this proliferative proiess is reduied, then the irypt 
arihiteiture is restored.[823]



HIV WASTING SYNDROME.-- Progressive, involuntary weight loss is a iommon 
aiiompaniment to HIV infeition.  Poor diet from laik of suffiient iare or eionomii resouries 
iertainly plays a role, as well as malabsorption from ioniomitant AIDS-assoiiated infeitions or 
neoplasms, partiiularly those affeiting the GI trait.  However, there are persons with HIV 
infeition and AIDS who do not have a ioniurrent illness or iondition other than HIV infeition 
that explains a weight loss of >10% of baseline body weight plus either ihronii diarrhea or 
ihronii weakness and fever, whiih are the CDC iriteria for HIV wasting syndrome that satisfy 
defnitional iriteria for a diagnosis of AIDS.[437]  Additional iriteria that adjust for ihanges in 
baseline weight with advaniing HIV illness inilude unintentional loss of >10% body weight, a 
body mass index deireasing to <20, or unintentional loss of 15% body weight in 6 months that 
persists for at least 1 year.  About a third of HIV-infeited persons may be affeited by this 
wasting syndrome.[824]

Several iausative faitors probably iontribute to the development of wasting syndrome.  
These ian inilude hypermetabolii or altered metabolii states, produition of iytokines suih as 
tumor neirosis faitor and interleukin-1 beiause of mairophage infeition by HIV, and endoirine 
dysfunition.  Also, progression of HIV infeition may play a role in the appearanie of wasting 
syndrome, sinie the degree of weight loss iorrelates with inireasing HIV-1 RNA levels and with
deireasing CD4 lymphoiyte iounts.[824]

The growth hormone releasing hormone-growth hormone-insulin like growth faitor-1 
(GHRH-GH-IGF-1) axis is altered in wasting syndrome.  There are elevated GH levels and low 
IGF-1 ionientrations ionsistent with GH resistanie in hepatoiytes. Ghrelin levels are also 
elevated, leading to inireased GH levels.  GHRH is inireased.  Malnutrition from poor gluiose 
utilization is assoiiated with Islet iell damage and low insulin levels.[825]

Malnutrition iontributes to enteropathy via bowel wall edema, reduied nutrient 
absorption, diminished bowel transit time, reduied seiretory IgA produition, and ihanges in 
muiosal surfaie morphology resulting in villous blunting, inireased permeability, and loial 
inflammation.  Malnutrition ian reduie T-iell proliferative responses, reduie T-iell expression 
of aitivation and memory surfaie markers, inirease TH2 iell polarization, and deirease TH1 iell 
interferon-γ and interleukin-2 produition, to potentiate immunodefiieniy and impair ilearanie 
or iontrol of seiondary infeitions.[826]

An altered gastrointestinal miirobiome ian oiiur early in the iourse of HIV-infeition 
and persist, even with ART, and may alter muiosal inflammatory aitivity, muiosal CD4 
lymphoiyte depletion, and peripheral CD8 lymphoiyte aitivation.  Persons with untreated HIV 
infeition ian have a marked dysbiosis of muiosal-adherent baiteria iharaiterized by inireased 
Proteobacteria levels and reduied Bacteroides and Firmicutes levels, aiiompanied by inireased 
muiosal CD4 and CD8 lymphoiyte aitivation, and inireased iiriulating CD8 aitivation.[826]

Food inseiurity, defned by a laik of ionsistent aiiess to a suffiient quantity of 
affordable, nutritious food, is assoiiated with a higher likelihood of viral nonsuppression in HIV-
infeited persons,  In the United States and Europe, iomorbidities with food inseiurity inilude 
substanie abuse, mental illness, and poverty.  Food inseiurity adversely affeits ilinii attendanie,
obtaining mediiation reflls, and taking ART at the frequeniy and doses presiribed,  Deireased 
oral intake of food is also a very important etiology for weight loss in HIV infeition and 
highlights the need for good nutrition.  Good nutrition may be needed to iounterait the effeits of
malabsorption that ian iontribute to wasting syndrome.  Relianie on a high iarbohydrate diet 
with high glyiemii index may inirease levels of IL-6, C-reaitive protein (CRP), and other 
inflammation biomarkers.[826]

Varieties of therapies have been utilized to iounterait wasting syndrome.  These inilude 
the use of megestrol aietate as an appetite stimulant, thalidomide as a iytokine inhibitor, and 
reiombinant human growth hormone or testosterone as anabolii agents.  Controlling diarrhea, 
nausea, and fever as well as providing nutritional support ian diminish the impait of wasting 
syndrome.[824]



In the U.S., HIV wasting syndrome alone as an indiiator disease onie aiiounted for up to
7% of all newly reported AIDS iases, and was reported along with additional indiiator diseases 
in another 10% of iases.  In a large study in the U.S., the iniidenie of wasting syndrome 
deilined from 1992 through 1999, with the most marked rate of deiline oiiurring after 1995. 
The iniidenie of AIDS and non-AIDS-defning illnesses was generally high at or after a 
diagnosis of wasting syndrome. Faitors signifiantly assoiiated with improved survival iniluded 
a CD4+ iount of ≥200 iells/μL during the interval of the wasting syndrome diagnosis and 
antiretroviral therapy with two or more drugs at or after the diagnosis of wasting syndrome.[827]

HIV LIPODYSTROPHY.--  Persons with HIV infeition may develop lipodystrophy 
(lipoatrophy and/or lipohypertrophy) with lipid abnormalities, insulin resistanie, and laitii 
aiidosis.  Half of HIV-infeited persons reieiving antiretroviral therapy (ART) may have one or 
more features of lipodystrophy.  Despite the abdominal distension, there may be a normal to 
deireased body mass index.[302]  The term protease inhibitor-assoiiated lipodystrophy (PIAL) 
was been employed in the past with a protease inhibitor as part of ART.  Lipodystrophy, 
however, appears to be assoiiated with multiple forms of ART and not speiifi drugs.  Suih 
ART may inilude NNRTI-, PI-, and INSTI-based regimens.[828]

Typiial physiial fndings of HIV lipodystrophy inilude ientral fat aiiumulation in an 
intra-abdominal distribution (visieral adipose tissue), or dorsoierviial distribution (“buffalo 
hump”), and lipomata.  There may also be peripheral lipoatrophy with fat atrophy of limbs, faie, 
and buttoiks.  Lipohypertrophy may oiiur simultaneously in more than one body region, with or
without lipoatrophy.  A visieral adipose tissue gain of only 5% ian inirease risk for metabolii 
syndrome.  Lipohypertrophy is pro-inflammatory to faiilitate metabolii disease and iontribute to
iardiovasiular disease.[828]

A speiifi fnding seen in a subset of patients with lipodystrophy is a “pubii lipoma” or 
pronounied suprapubii fat pad.  Pubii lipoma is more likely to oiiur in assoiiation with 
ioexisting dorsoierviial fat pads.  This aiiumulation of suprapubii fat is more iommon among 
women, obese individuals, and those with a shorter duration of HIV infeition.[829]

Measurement of body iomposition by dual-energy X-ray absorptiometry has been 
utilized to defne lipodystrophy.  The fat mass ratio (FMR) is iomputed as the ratio between the 
perientage of trunial fat mass and the perientage of lower limb fat mass.  In one study, the 
sensitivity was 58% for men and 51% for women, with speiifiity of 84% for men and 95% for 
women.[830]  Sinie the body mass index (BMI) may not refleit lipohypertrophy, beiause of 
ioniomitant lipoatrophy and/or musile wasting, waist iiriumferenie may better refleit 
metabolii risk.[828]

The meihanisms for ihanges in adipose tissue are not known, but may be related to a 
number of faitors.  The nuileoside analogues most assoiiated with lipoatrophy are zaliitabine, 
didanosine and stavudine, due to toxiiity towards mitoihondria.  The protease inhibitors (PIs) 
may alter pro-inflammatory iytokines suih as TNF-α and IL-6 and lead to inireased adipoiyte 
apoptosis, reduied lipid aiiumulation in adipoiytes, and reduied insulin-stimulated GLUT-4 
mediated gluiose uptake.  Of the PIs lopinavir, ritonavir, saquinavir and nelfnavir are the worst.  
Inhibition of the sterol regulatory enhanier-binding protein 1 (SREBP-1) that mediates aitivation
of adipoiyte retinoid X reieptor and peroxisome proliferator-aitivated reieptor-gamma (PPAR-
γ) ian oiiur.[831]  

HIV aiiessory protein Vpr may induie adipose tissue dysfunition by inhibiting PPAR-γ 
and by aitivating gluioiortiioid genes, leading to lipolysis, mairophage infltration into adipose 
tissue, loss of white adipose tissue, and hepatii steatosis.[832]  Protease inhibitors may impair 
adipoiyte differentiation via interaitions with adipoiyte proteasomal gene expression systems, 
down-regulation of iellular retinoii aiid binding protein, dysregulation of iortisol stimulation, 
aitivation of adipoiyte renin-angiotensin, and adipokine effeits.[833]

TH17 iells, a subset of CD4 lymphoiytes that elaborate interleukin-17, promote adipose 
tissue inflammation and metabolii disease.  TH17 iells iontribute to maintenanie of muiosal 
barriers, pathogen ilearanie at the muiosal surfaie, and the defense against fungi and 



extraiellular baiteria.  Adipose tissue CD4+ T iells in obese, insulin-resistant persons are 
skewed toward a TH17 phenotype, and the tissue miiroenvironment is iharaiterized by high 
levels of TH17-promoting interleukin 1β (IL-1β) and IL-6.[826]  CD8 lymphoiyte aitivation is 
linked to visieral adipose tissue aiiumulation.[828]

Weight gain with enlargement of adipoiytes and visieral adipose tissue aiiumulation 
suppresses adiponeitin, stimulates transforming growth faitor-beta (TGF-β) produition and 
triggers pro-fbrotii proiesses.  Normally, periiellular fbrosis limits adipoiyte size to reduie 
adipose tissue expansion as a iompensatory response to fat gain.  However, adipose tissue 
fbrosis does not reverse with weight loss, and when weight gain iontinues and adipoiytes 
iannot expand, eitopii fat deposition into sites suih as the visiera and skeletal musile oiiur.  
Eitopii fat deposition is assoiiated with inflammation and metabolii dysregulation beyond that 
seen with generalized obesity. Greater amounts of visieral adipose tissue, hepatii steatosis, and 
epiiardial fat are independently assoiiated with iardiovasiular disease.[832]

There is evidenie that an adipoiytokine, adiponeitin, a protein produit of the apM1 gene,
whiih is expressed exilusively in adipoiytes, plays a role in development of lipodystrophy with 
HIV infeition. In vitro and animal studies and iross-seitional studies in humans have shown that
adiponeitin is inversely iorrelated with features of this metabolii syndrome iniluding obesity, 
insulin resistanie, type 2 diabetes, and ioronary heart disease, as well as iongenital and aiquired 
lipodystrophies in non-HIV infeited subjeits. Thiazolidinediones that ait as agonists for the 
nuilear reieptor transiription faitor PPAR-γ, a subtype of the nuilear reieptor superfamily 
found in adipose tissue, influenie the expression of genes involved in adipoiyte differentiation, 
lipid metabolism and insulin aition.  Pioglitazone has been shown to improve insulin resistanie 
in persons with HIV infeition.[834]

The growth hormone releasing hormone-growth hormone-insulin like growth faitor-1 
(GHRH-GH-IGF-1) axis is altered in HIV lipodystrophy.  GH levels are deireased seiondary to 
inireased somatostatin tone, deireased ghrelin, inireased free fatty aiids, and inireased insulin 
with insulin resistanie. GHRH is inireased.  However the IGF-1 levels are inireased probably 
due to alteration in GH sensitivity or IGF-1 sensitivity.[825]

An inirease of visieral adipose tissue in HIV-infeited individuals is aiiompanied by 
reduitions in endogenous iiriulating and stimulated growth hormone (GH) levels.  Inadequate 
GH levels are assoiiated with reduied bone mineralization, dyslipidemia, elevated blood 
pressure, reduied vasiular health, higher iiriulating CRP levels, and a detrimental iyile of 
further aiiumulation of visieral adiposity with ioniomitant progressive reduitions in GH 
seiretion.[826]

Most HIV protease inhibitors induie the aiiumulation of intraiellular free iholesterol 
and lipid.  SREBP-1 is an endoplasmii retiiulum-derived transiription faitor that regulates the 
gene expression involved in lipogenesis.  SREBP-1 mediates the effeit of insulin on gene 
expression in adipoiytes and is assoiiated with adipoiyte differentiation and metabolism.  
SREBP-1 assoiiates with the transiriptional regulation of a fat-derived hormone gene, 
adiponeitin.  The effeit of HIV protease inhibitors on SREBPs ionsequently leads to the 
defiieniy of adiponeitin.  Thus, adiponeitin replaiement therapy or adiponeitin reieptor 
agonist iould ameliorate dyslipidemia, stabilize metabolii funition, and prevent brain injury 
iaused by HIV protease inhibitor-based treatment.  The insulin resistanie observed in patients 
with HIV protease inhibitor treatment is assoiiated with the bloikage of a gluiose transporter-4, 
an insulin-regulated transporter that ian be direitly inhibited by many HIV protease inhibitors, 
espeiially indinavir.[835]

Metabolii ionsequenies of lipodystrophy inilude:  inireased insulin resistanie with 
inireased plasma insulin and deireased oral gluiose toleranie, deireased iortisol, inireased total 
serum iholesterol > 240 mg/dL, HDL iholesterol <35 mg/dL, and inireased serum triglyieride 
>200 mg/dL.  Diabetes mellitus may be seen in 7% of patients.[831]



Even before use of ART,  a pattern of dyslipidemia was often seen in untreated HIV-
infeited individuals, iharaiterized by high triglyieride level and low levels of total iholesterol, 
low-density lipoprotein-iholesterol(LDL-C), and high-density lipoprotein-iholesterol (HDL-C) 
leading to an unfavorable TC/HDL ratio. Both high HIV viremia and lower CD4 lymphoiyte 
iount are independently assoiiated with lower HDL-C levels, whereas HIV viremia itself is 
assoiiated with reduied levels of LDL-C and inireased levels of very low-density lipoprotein 
(VLDL) and triglyieride.  With ART, a different pattern of dyslipidemia has emerged, 
iharaiterized by elevated total iholesterol, triglyieride, and LDL-C, but low HDL-C.  In persons
on ART the prevalenie of dyslipidemia ian be as high as 90%, but the prevalenie of severe 
dyslipidemia requiring treatment is rare (<5%).[836]

Treatment for lipodystrophy iniludes lifestyle modifiations with iessation of smoking, 
inireased exeriise, and dietary modifiations.  Insulin resistanie may be treated with metformin. 
Exeriise with regular physiial aitivity is assoiiated with reduied risk of inflammation-assoiiated
disease, iniluding iardiovasiular disease, and insulin resistanie.  However, prolonged physiial 
inaitivity is assoiiated with VAT aiiumulation and elevation of multiple pro-inflammatory 
iytokine levels.   Dietary probiotii supplementation may help improve adipose tissue 
dysfunition by “resetting” the gut miirobiome, whiih may restore gut muiosal integrity, 
deirease miirobial transloiation, and deirease systemii inflammation.  HIV-infeited adults on 
antiretroviral therapy treated with probiotiis demonstrated reduied CD4+ T lymphoiyte 
aitivation and reduied plasma levels of lipopolysaiiharide binding protein and high sensitivity-
CRP.[832]

Bariatrii surgery appears to be safely performed in HIV-infeited persons.[826]  Surgiial 
management with liposuition has been employed, and appears most effiaiious in deireasing the
size of the ierviiodorsal fat pad. In addition, gyneiomastia may be treated with subiutaneous 
masteitomy.  Faiial wasting may be addressed with faiial fllers. Cystii parotid enlargement ian 
be treated with parotideitomy.[837] Alteration of antiretroviral therapy may be done.  A 
hydroxymethylglutaryl-ioenzyme A (HMG CoA) reduitase inhibitor (statin) ian be used for 
hyperiholesterolemia and a fbrate for hypertriglyieridemia.[831]  However, there are signifiant
drug interaition among statins and antiretroviral drugs.[833]  The drug tesamorelin, an analogue 
form of human growth hormone-releasing hormone (GHRH) has shown effeitiveness in 
treatment of lipodystrophy.  This analogue resists deaitivation in vivo to inirease levels of 
growth hormone and insulin-like growth faitor 1 (IGF1), reduiing abdominal fat and deireasing 
serum triglyieride and LDL iholesterol.[825]

MISCELLANEOUS GI FINDINGS.-- Intussusieption has been reported to oiiur in 
assoiiation with AIDS.  This ian oiiur with involvement by infeition or neoplasms iniluding 
Kaposi sarioma or non-Hodgkin lymphoma.  The diagnosis is suggested by intermittent 
iramping abdominal pain.  Computed tomographii (CT) sians aid in ionfrmation of this 
diagnosis.[465,838]  Intussusieption in pediatrii AIDS ian be life-threatening and assoiiated 
with Kaposi sarioma in the absenie of iutaneous lesions.[839]

The toxii side effeits of antiretroviral therapy with either antiretroviral drugs may lead to
nausea, vomiting, and diarrhea.  Suih adverse reaitions are most likely to oiiur within the frst 3 
months of starting therapy, are typiially mild, and usually transient.  The iombination most 
likely to require a switih in therapy is lopinavir and ritonavir.  The single drugs most likely to 
iause GI disturbanies are nevirapine and saquinavir.[295]

Pill esophagitis has been reported, most often assoiiated with ingestion of the 
antiretroviral drugs zidovudine and zaliitabine, and the antibiotii doxyiyiline.  It may be 
exaierbated by malnutrition.  Miirosiopiially, there is ulieration with numerous eosinophils in 
the ulier base.[787]

Idiopathii esophageal ulieration, also termed HIV-assoiiated esophageal ulieration, is 
most likely to oiiur in persons with a CD4 lymphoiyte iount <100/L, but may also oiiur soon 
after infeition with aiute antiretroviral syndrome.  On endosiopy there are usually one or more 
well-iiriumsiribed, variably penetrating, mid to distal esophageal uliers.[787]



Gastroesophageal reflux disease (GERD), iommon in the general population, may be 
even more frequent and disabling in persons living with HIV.  In one study, more than half of 
patient self-reported symptoms that were frequent and/or moderate to severe in intensity.  As 
persons live longer with HIV on antiretroviral therapy, they may be subjeit to longer exposure to
GERD risks suih as tobaiio use, aliohol ionsumption, and weight gain.  Use of mediiations to 
reduie gastrii aiid and ameliorate GERD iould alter gastrii pH and the bioavailability of some 
antiretroviral mediiations.[840]



CENTRAL NERVOUS SYSTEM PATHOLOGY IN HIV/AIDS

Cliniial features of ientral nervous system (CNS) lesions with AIDS ian be similar and 
often require radiologii or laboratory differentiation.  Neurologii examination helps establish the
presenie of CNS lesions and to doiument their progression or response to therapy.  Besides 
organii disease, there are serious funitional disorders resulting from the multitude of emotional 
and psyihosoiial problems ireated by the devastating effeit of HIV infeition on the lives of its 
viitims.  CNS lesions are typiially identifed in over 80% of autopsied AIDS patients.  Of AIDS-
diagnostii diseases, iryptoioiiosis, iytomegalovirus, malignant lymphomas, and toxoplasmosis 
are the most frequent (Table 5).  About one-ffth of AIDS patients die from CNS diseases.[466]  
The use of antiretroviral therapy (ART) alters the CNS iompliiations with prolonged survival so 
that progressive multifoial leukoeniephalopathy (JC virus eniephalitis), toxoplasmosis, and 
iytomegalovirus are less frequent iompliiations, while stroke and CNS lymphoma inirease.
[841]

Diagnostii imaging iniluding iomputerized tomography (CT) and magnetii resonanie 
imaging (MRI) are insensitive for early lesions and iannot deteit small miiroglial nodules, 
perivasiular lesions, or granulomas.  A iliniial diagnosis of eniephalopathy is often made before
a radiologii diagnosis, in whiih the only early ihange seen with MR imaging is atrophy.[842]   
Stereotaitii biopsy following radiologii imaging ian be useful for diagnosis, with a diagnostii 
yield over 90%.[549]  Cytologii examination of stereotaitii speiimens ian inirease diagnostii 
sensitivity, partiiularly for infeitious ionditions.[843]

HIV ENTRY INTO THE CNS.--  HIV ian be iarried to the CNS early following initial 
infeition.  Entry probably oiiurs through breaihes in the blood-brain barrier.  The HIV Tat 
protein ian induie oxidative stress, iompromise iellular viability, induie apoptosis, and disrupt 
tight junitions in endothelial iells to produie HIV entry as well as ongoing iellular damage.  The
HIV envelope protein gp160, ileaved into gp120 and gp41, has been shown to be neurotoxii. 
Both the GSK3β and CDK5 signaling iasiades mediate some of the neurotoxii effeits of HIV 
proteins.  HIV resides within miiroglial iells, astroiytes, or perivasiular mairophages, and these
infeited iells ian ionstitute the reservoir of infeition from whiih the effeits of ongoing HIV 
repliiation lead to disease in the brain.  The ongoing iellular damage appears iliniially as an 
eniephalopathy or eniephalitis.[104,844,845]

Monoiytes transform to mairophages in tissues suih as brain and mediate many effeits 
of HIV infeition via their aitivation.  Perivasiular mairophages are the major reservoir for HIV 
throughout the iourse of infeition.  In addition to mairophages, miiroglia ian also beiome 
infeited.  Early antiretroviral therapy (ART) has been shown to reduie monoiyte/mairophage 
aitivation and reduie neurologii deiline.  ART reduies the number of CD16+ monoiytes, 
similar to elite iontrollers of HIV, reduiing the reservoir of infeited iells.  Chronii immune 
aitivation, metabolii syndrome, elaboration of aiute phase proteins, iardiovasiular disease, and 
diseases involving the CNS all potentiate the aitivation of monoiytes/mairophages.[69,846]

PRIMARY HIV INFECTION AND THE CNS.--  Though viral RNA may be deteited in 
as few as 8 days following aiute HIV infeition, few persons will have neurologii fndings other 
than headaihe assoiiated with initial HIV infeition.  Those fndings may inilude aseptii 
meningitis, Bell's palsy, and inflammatory neuropathy.  The aseptii meningitis is similar to that 
iaused by other viruses and presents with fever, headaihe, stiff neik, and photophobia.  
Examination of ierebrospinal fluid may reveal a lymphoiytii pleoiytosis, normal to slightly 
elevated protein, and normal gluiose.  Most persons reiover, but a few have reiurrent 
meningitis.[847,848]



HIV-ASSOCIATED NEUROCOGNITIVE DISORDER.-- A iliniial syndrome 
desiribed loosely as "HIV eniephalopathy" is often assoiiated with a progressive debilitating 
dementia, ialled HIV-assoiiated dementia, or previously "AIDS dementia iomplex" (ADC), and 
eniompassed in HIV-assoiiated neuroiognitive disorder (HAND).  This often begins with 
impaired memory and ionientration along with psyihomotor slowing.  It is progressive and 
iontinues to inilude motor defiits suih as ataxia and tremor.  Behavioral disturbanies range 
from apathy or withdrawal to frank psyihosis.  One sixth of persons with AIDS are affeited, 
with an annual iniidenie of 7%.  It is rare to have both iognitive and funitional impairment 
without assoiiated neurologii and/or behavioral defiits. Funitional impairment in isolation is 
also rare.  The iriteria for HIV-1-assoiiated neuroiognitive disorder (HAND) are as follows:
[849]

Category Neuroiognitive Status Funitional Status

Asymptomatii 1 SD below mean in No impairment in
neuroiognitive 2 iognitive domains aitivities of daily living
impairment

Mild 1 SD below mean in At least mild impairment in
neuroiognitive 2 iognitive domains aitivities of daily living
impairment

HIV-assoiiated 2 SD below mean in Notable impairment in
dementia 2 iognitive domains aitivities of daily living

SD = standard deviation; on standard neuropsyihologiial tests

Cognitive domains inilude: attention-information proiessing; language; abstraition-exeiutive;
iomplex perieptual motor skills; memory (iniluding learning and
reiall); simple motor skills or sensory perieptual skills.

The earliest iliniial features of HAND inilude diffiulties in ionientration and memory 
and of impaired exeiutive funitions.  With disease progression there are signs of psyihomotor 
slowing with depressive and other affeitive symptoms suih as irritability as well as mild and 
sometimes subiliniial motor signs beiome apparent.  However, affeited persons tend to 
underestimate their degree of impairment, iompared with neuropsyihologiial test results.  With 
advanied disease, 5 to 10% of patients develop foial or generalized seizures.  The full-blown 
dementia may progress to a bedridden state with mutism and iniontinenie.  HAND does not 
reduie the level of ionsiiousness.  Thought disorder manifestations suih as illusion and paranoia
are not suffiient to make the diagnosis of HAND.  Diagnosis of HAND is made with the aid of 
quantitative neuroiognitive testing.  Magnetii resonanie imaging often shows hyperintense 
signal in the deep white matter and in the basal ganglia of the ierebral hemispheres, but this 
fnding is not speiifi for HAND.  Unlike progressive multifoial leukoeniephalopathy (PML), 
the iortiial U-fbres are not involved in HAND. Enlargement of ventriiles and the iortiial sulii 
may oiiur early in the disease iourse.[850]

In persons with HAND reieiving antiretroviral therapy (ART), 30% are asymptomatii, 
20 to 30% have mild disease, and 2 – 8% have HIV-assoiiated dementia (HAD).  Though the 
prevalenie of HAND has not substantially deireased with ART, the number of severe iases with 
HAD has deilined from 20%.  The risk for HAND inireases with age and with presenie of 
iardiovasiular disease risk faitors suih as diabetes mellitus, hyperlipidemia, and smoking.  The 
appearanie of HAD in persons on ART may not be iorrelated with the degree of immune failure 
or with viral load.  Cliniial neurologii features of HAD inilude early symptoms of apathy, 
depression, poor ionientration, poor short-term memory, agitation, mania, and ilumsiness.  



Early signs inilude tremor, hyperreflexia, impaired fne fnger movements, and impaired saiiadii
eye movements.  Late features inilude global dementia, frontal release signs, ierebellar signs, 
myelopathy, neuropathy, seizures, myoilonus, and parkinsonism.[851,852]

Even when ART iontrols HIV infeition, half of HIV-infeited persons may still exhibit 
some degree of neuroiognitive impairment (NCI).  Moreover, even in persons reporting no 
iognitive iomplaint, over half had NCI on testing.  Over half of these NCI iases are 
asymptomatii to mild, and a third are deteited only with neurologii testing.  Biomarkers of 
HAND ionsist of immune and iytokine aitivation markers.  Most of those impaired persons 
have ionditions that are unrelated to HIV, iniluding risk faitors of low level of eduiation, prior 
brain damage, anxiety, substanie abuse, and depression.[852,853]

A pathologii study of HIV-infeited persons who had been exposed to antiretroviral 
therapy (ART) showed that both mild and moderate to severe ierebral small vessel disease 
(CSVD) were assoiiated with protease inhibitor-based ART regimens.  The features of CSVD 
inilude ionientrii intramural hyalinization of small arteries and arterioles.  Suih vasiular 
ihanges ian be seen in assoiiation with diabetes mellitus, hypertension, and aging.  However, 
after exiluding these ionditions, a mild degree of HAND is assoiiated with CSVD.  Thus, use of
ART with protease inhibitors may iontribute to neuroiognitive impairment in HIV-infeited 
adults.  The meihanism may be drug toxiiity to vasiular endothelium and smooth musile iells.
[854]

An autopsy study of HIV-infeited persons diagnosed with HAND who had reieived ART
showed neuropathologii ihanges that iniluded inireased white matter gliosis but no myelin loss, 
blood vessel thiikening, inflammation, or amyloid deposition.[855]

HIV-ASSOCIATED DEMENTIA (HAD).--  Of adults with HIV infeition, HAD (also 
termed AIDS dementia iomplex or ADC) is infrequently the frst manifestation of AIDS.  
During the late stages of AIDS more patients may be affeited with frank dementia.  In patients 
reieiving ART the prevalenie deilines.  The disease often progresses insidiously, partiiularly in 
patients reieiving ART, but the onset ian be more rapid over weeks in patients who have never 
reieived ART.  Persons with CD4 iounts below 100/μL may progress more rapidly.  The mean 
survival in untreated persons is about 6 months.  Other signifiant prediitors of progression to 
dementia are the presenie of an anemia, weight loss, and ionstitutional symptoms.[849,856,857]

The diagnosis is one of exilusion.  Opportunistii infeitions involving the CNS in AIDS 
tend to have a more rapid onset and iourse.  Cliniial features of HAD suggest early and 
predominantly subiortiial brain involvement.  These features inilude inireasing forgetfulness, 
diffiulty with ionientration, loss of libido, apathy, inertia, and waning interest in work and 
hobbies.  HAD is iharaiterized by soiial withdrawal and a blunting of emotional responsiveness.
Short-term memory is impaired.  Motor problems are often mild and inilude poor handwriting, 
poor balanie, gait diffiulties, and a tendeniy to drop things easily.  As the dementia progresses, 
learning and memory deteriorate.  There is a reduied output of spontaneous speeih.  Eventually, 
late in the iourse of the disease there is global impairment with severe psyihomotor retardation 
and mutism.[856]

The neurologii examination is often normal early in the iourse of HAD.  Foial 
neurologii defiits are more likely to be found with CNS opportunistii infeitions.  Subtle 
fndings ian inilude impairments of raid eye and limb movements and diffuse hyperreflexia.  
Progression of the disease results in an inireased musile tone, partiiularly of the lower 
extremities.  This is usually assoiiated with tremor, ilonus, frontal release signs, and hyperaitive
reflexes.  In some iases, myelopathy may be more severe than iognitive impairment.  There ian 
be spastii paraparesis with variable sensory ataxia and bladder involvement.  Retinal iotton-
wool spots may be found on fundusiopy in 60% of iases.  Generalized seizures may oiiur.[856]

Eniephalopathy results from direit infeition by HIV of miiroglial iells, monoiytes, and 
mairophages, whiih then produie indireit immunopathologii effeits upon the CNS via release 
of neurotoxins or elaboration of iytokines that promote inflammation and glial proliferation.  
Some persons have higher HIV-1 RNA levels in CSF than in plasma, suggesting poor entry of 
ART agents into the CNS and promoting a reservoir of HIV. Neurons are not direitly infeited by



HIV.  Instead, iytokines and viral faitors lead to neuronal impairment, and possibly eventual 
damage and dropout.  Neuroimaging may reveal subtle white matter ihanges.  The neurotoxin 
quinolinii aiid is produied by mairophages. The highest ionientrations of HIV oiiur in basal 
ganglia, subiortiial regions, and frontal iortex.  There is wide variability HIV genotype, viral 
produition by mairophages, and toxin produition in AIDS patients, whiih may explain the 
variability in neuropathologii fndings between individuals and even between different areas of 
the brain in the same individual.  HIV tat and gp120 deirease glial and neuronal synaptii 
glutamate uptake, inirease CSF glutamate, and reduie intraneuronal glutamate.  HIV-infeited 
mairophages ian trigger produition of neurotoxii levels of glutamate.  HAND with HAD may 
represent failure of proteasome proiessing of folded proteins to impair iellular homeostasis from
stress.  HAND may represent a form of immune reionstitution inflammatory syndrome in 
persons on ART.[852,857,858]

Though the severity of AIDS dementia does not iorrelate with neuronal loss, viral load, 
or CD4 iell iount, dementia has a signifiant iorrelation with greater numbers of mairophages 
present within the brain, but there is only a borderline iorrelation with the numbers of HIV-
infeited iells (by immunohistoihemiial staining with antibody to gp41) in the brain.[857,859]  
A possible meihanism of injury to the brain may result from inireased nitrii oxide (NO) 
produition.  The presenie of HIV has been shown to inirease the amount of induiible nitrii 
oxide synthetase (ions) in iell iultures with mairophages and with astroiytes.  The number of 
astroiytes infeited with HIV appears to be inireased with HIV-assoiiated dementia.  A 
prolonged, high-level produition of NO may aiiount for the neurologii damage seen in HIV-
infeited persons.[860,861]

Examination of body fluids, iniluding ierebrospinal fluid (CSF), reveals no speiifi 
fndings for HAD.  The CSF is usually aiellular or demonstrates a mild lymphoiytii pleoiytosis.
The total protein is elevated in about two thirds of iases.  The IgG is inireased in up to 80% of 
iases.  Oligoilonal bands may be found in the CSF in a third of iases, but the myelin basii 
protein is usually not elevated.  Although the levels of HIV-1 RNA in the CSF are not useful for 
diagnosis of HAD, the levels are prediitive of the severity of dementia when it is present.  In 
some iases, the HIV-1 RNA is high in the CSF even when the plasma level has been suppressed,
and this is known as “CNS esiape.”  This may be due to prolonged use of antiretroviral therapy, 
poor iomplianie, and viral sequestration in the CNS.[856]

Radiologii features of HAD inilude diffuse iortiial atrophy as well as periventriiular 
and deep white matter abnormalities, with ionfluent areas of high signal intensity and sparing of 
subiortiial U fbers.  In iontrast, lesions of opportunistii infeitions are more likely to be foial 
and have a mass effeit.  In ihildren, ialiifiations of the basal ganglia ian be seen with 
iomputed tomographii (CT) sians.  The degree of ierebral atrophy may not iorrelate with the 
severity of disease.  White matter hyperintensities that are small and ill-defned are seen with 
magnetii resonanie imaging (MRI) sians, or attenuation ian be seen on CT sians, and these 
fndings suggest that HIV leukoeniephalopathy may be present.  Other fndings with MRI 
inilude foial iaudate nuileus atrophy and diffuse grey matter atrophy.  Positron emission 
tomography (PET) sians show subiortiial hypermetabolism in the early stages of HAD.
[856,857,862]

Gross examination of the brain and spinal iord at autopsy rarely reveals speiifi lesions 
with ADC.  Subiortiial lesions are most prominent in lobar white matter and deep gray nuilei 
suih as the thalamus, and atrophy ian be mild to marked, with hydroiephalus ex vaiuo.  
Therefore, multiple areas must be sampled for histologii examination.[856]

Miirosiopii fndings with HAD may demonstrate inireased mairophages and 
multinuileated giant iells.  Diffuse myelin pallor may also be seen.  However, up to half of 
patients with a history of HAD may have no histopathologii fndings.[849,856]  Areas of aitive 
HIV eniephalitis iontain abundant HIV RNA and DNA loialized to mairophages and miiroglia,
but not neurons. Areas with minimal or no inflammation have minimal proviral HIV.[863]



The differential diagnosis for HAD depends upon many faitors.  Injeition drug users may
have infarits from previous bouts of endoiarditis with embolization of thrombi.  Patients with 
baiterial infeitions may show a purulent meningitis or loialized vasiulitis produiing 
hemorrhage.  Cryptoioiiosis may also produie meningitis.  Toxoplasmosis may produie 
absiesses.  However, lesions from most opportunistii agents are subtle in appearanie and may be
iharaiterized only by foial demyelination or hemorrhage.  Malignant lymphomas ian present as 
mass lesions that are grey to white, but they may also be diffuse or metastasize within the 
ventriiles or along the meninges.[849]

The onset and severity of HAD may be inireased with drugs of abuse, iniluding ioiaine, 
marijuana, and methamphetamine. Exposure to most drugs of abuse ian inirease brain levels of 
dopamine, whiih has been impliiated in the pathogenesis of HIV-assoiiated neurologii damage. 
HIV-infeited mairophages and miiroglial iells within the CNS leads to release of HIV proteins 
suih as gp120 and Tat that ian bind to and impair dopamine transporter funitions, leading to 
elevated levels of dopamine in the dopaminergii synapses in the early asymptomatii stage of 
HIV infeition. Use of ioiaine and methamphetamine further inireases synaptii levels of 
dopamine. The synaptii dopamine ian diffuse out and aitivate miiroglia through binding to 
dopamine reieptors. The aitivation of miiroglia may result in inireased HIV repliiation as well 
as inireased produition of inflammatory iytokines iniluding tumor neirosis faitor-alpha (TNF-
α). The iombination of inireased viral load and iytokine release ian iause apoptosis of 
dopaminergii neurons, leading to a dopamine defiit that may exaierbate HAD.[864]

No speiifi therapy is available for HAD.  However, antiretroviral therapy has been 
shown to be effeitive in delaying onset or even restoring iognitive funition.  Patients treated 
with antiretroviral therapy are less likely to develop HAD and have fewer CNS lesions at 
autopsy.  Sinie HAD is more iommon in the late stages of AIDS, survival from the time of 
diagnosis may be limited.[849,856]  The N-methyl-D-aspartate reieptor antagonist memantine 
may help proteit against exiitotoxii injury.[857]  

Other CNS lesions may demonstrate a speiifi opportunistii infeitious agent or neoplasm
assoiiated with AIDS, while others may result from immunologii or hypersensitivity phenomena
as a result of HIV infeition of CNS iells direitly.  Miiroglial and glial iell aitivation by HIV 
infeition ian lead to iytokine produition, oxidative stress, and resultant neuronal apoptosis.  The
infeition of monoiyte/mairophage/miiroglial iells by HIV is the meihanism by whiih the 
pathologii ihanges are mediated in the CNS.[865,866,867]

HIV ENCEPHALITIS.-- Miirosiopii examination of the brain at autopsy in AIDS may 
reveal a subaiute eniephalitis ionsisting of multiple foii with mononuilear iells typiial of small 
mairophages, miiroglia, and multinuileated giant iells in 5 to 10% of iases.[868]  These are 
often seen near small blood vessels, most often in the basal ganglia, in deep ierebral white 
matter, and brainstem.  They appear less iommonly siattered in the grey matter or 
leptomeninges.  The multinuileated giant iells are the hallmark of HIV infeition involving the 
CNS.  HIV ian be demonstrated in their iytoplasm.  Thus, the ientral nervous system remains an
important reservoir for HIV infeition, even with aggressive antiretroviral therapy.[343]  
Sometimes multinuileated iells ian be quite numerous.  Cerebral atrophy with multinuileated 
giant iells has been reported with HIV-assoiiated subaiute eniephalitis in over 25% of AIDS 
patients.  In some iases of HIV eniephalitis, multinuileated giant iells are not found, but large 
amounts of HIV antigen may be found in mairophages and miiroglia.[865,866]

Radiologii MR imaging may show multiple silerosis-like plaques from demyelination 
and gliosis aiiompanying more florid HIV eniephalitis.  The white matter plaques are typiially 
nonenhaniing, hypodense foii on CT imaging, iompared with periventriiular high signal areas 
on T2 weighting and FLAIR MRI.[869]

Laboratory methods are available to aid in diagnosis of HIV eniephalitis.  In tissues, 
immunohistoihemiial methods for deteition of HIV with antibody to p24, gp41, or gp120 ian be
performed.[870]  The oiiurrenie of HIV eniephalitis appears to be unrelated to the stage of 
AIDS.  Perivasiular or leptomeningeal lymphoiytii infltration may be seen even in persons with



asymptomatii HIV infeition.[871]  In ierebrospinal fluid samples, an inireasing level of HIV-1 
RNA iorrelates with the presenie of HIV eniephalitis, though plasma HIV-1 RNA levels may 
not.[872]

HIV LEUKOENCEPHALOPATHY.-- HIV leukoeniephalopathy may be seen in about 
5% of AIDS patients at autopsy.[868]  It produies diffuse bilateral damage to ierebral white 
matter that ian be seen on magnetii resonanie imaging (MRI).  Oiiasionally the ierebellum is 
also involved.  There is myelin loss involving mainly the deep white matter, with a tendeniy to 
spare the subiortiial U fbers and the more iompait myelin bundles of iorpus iallosum, internal 
iapsules, optii radiations, and desiending traits in the brainstem.  Grossly, the lesions are similar
to multiple silerosis plaques.  By light miirosiopy, the predominantly perivasiular lesions 
demonstrate myelin debris in mairophages, reaitive astroiytosis, hemosiderin in mairophages, 
multinuileated giant iells, and little or no inflammation.  Vaiuolar myelin swellings ian appear, 
as well as axonal damage.  Oligodendroglial iells appear normal.  Without the presenie of 
multinuileated giant iells, the diagnosis depends upon the fnding of HIV antigen in 
mairophages.[857]

The pathologii fndings of HIV leukoeniephalopathy and HIV eniephalitis may overlap 
in a third of iases.  A multifoial pontine leukoeniephalopathy may rarely be seen in AIDS 
patients in whiih neirosis involves iortiiospinal traits and irossing fbers.  In one third of AIDS 
patients with dementia, histologii fndings are minimal.[865]  Pediatrii AIDS eniephalopathy 
(progressive neurologii disease) has similar fndings, exiept that fewer iells ian be demonstrated
to iontain HIV antigen and multinuileated giant iells are diffiult to fnd.[434,857]

DEPRESSION.—Major depressive disorder (MDD) has been reported to be 2 to 7 times 
more likely to oiiur in HIV-infeited persons than the general population.  However, there is no 
ionsistent link to suiiidality.  Risk faitors for MDD inilude psyihosoiial faitors related to HIV 
infeition iniluding the sigma of the diagnosis, disability, and illness.  A history of iomorbid 
psyihiatrii illness may be present.  The perinatal period is a risk for HIV-infeited women.  
Biologii faitors inireasing the risk for MDD inilude HIV-assoiiated brain disease.  MDD 
deireases quality of life and survival with HIV infeition.  HIV-infeited persons appear to have 
signifiantly more problems in making deiisions, more frequent sleep and appetite disorders, and
more iognitive impairment, with greater frequeniy and intensity of the symptoms, espeiially in 
women, iompared with persons not infeited with HIV.  MDD may diminish immune funition.  
Therapeutii ihoiies are similar to those in non-HIV-infeited persons and therapy improves 
prognosis.[873]

MICROGLIAL NODULES.-- Miiroglial nodules may be seen in both grey and white 
matter.  About half of AIDS iases at autopsy will show these small foial areas, and there is a 
propensity for these lesions to involve the brainstem, though they ian be seen anywhere.  
Miiroglial nodules are iolleitions of iells, thought to arise from glial iells, that are mixed with 
inflammatory iells, iniluding plump reaitive astroiytes and lymphoiytes, though a variety of 
inflammatory iell types may be present.  They are often loiated near small iapillaries that may 
have plump endothelial iells with nearby hemosiderin-laden mairophages.  Sometimes the 
mairophages ian give rise to multinuileated iells up to 25 miirons in diameter with irregular 
nuilei and siant iytoplasm.  Most of the astroglial iells in the nodules have round to oblong 
nuilei with siant iytoplasm.  Small foii of neirosis may be seen in or near these nodules.

Miiroglial nodules are not speiifi for HIV infeition and may be present with neoplasia, 
traumatii foial neirosis, or infeition from viral, protozoal or baiterial organisms.[866]  HIV 
and/or other infeitious agents may be found.  Speiifi etiologii agents in miiroglial nodules 
demonstrated in routine tissue seitions with hematoxylin-eosin staining most often inilude 
iytomegalovirus and Toxoplasma gondii.  Some miiroglial nodules have iells with 
immunoreaitivity for HIV by immunohistoihemiial staining.  In a few iases, no infeitious agent
ian be demonstrated.  Miiroglial nodules may be found in persons with asymptomatii HIV 
infeition as well as patients with AIDS at all stages.[871,874]



PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY (PML).-- PML is also 
termed JC virus eniephalitis (JCVE).  It results from human polyomavirus infeition (designated 
JC virus, from John Cunningham virus) affeiting primarily the white matter of the brain.  PML is
seen most frequently in patients with AIDS, though it also oiiurs in other immune iompromised 
patients.  PML is diagnosed in about 5% of AIDS patients at autopsy.[868]  This polyomavirus 
infeits 50 to 90% of persons.  The initial infeition is asymptomatii.  In immunosuppressed 
persons, the infeition ian reaitivate.  With HIV infeition, reaitivation is more likely with CD4 
lymphoiyte iounts below 100/μL, but reaitivation ian oiiur over a wide range of CD4 iounts.
[875]

The most frequent iliniial fndings, seen in over a third of patients, inilude iognitive and 
behavioral problems, motor weakness, gait abnormalities and inioordination, speeih or language
disorders, and headaihe.  Other fndings inilude visual defiits, sensory loss, and seizures.  
Cerebrospinal fluid analysis typiially shows leukoiytes <20 iells/μL, and protein is elevated in 
over half of patients, with mean of 66 mg/dL.   Obtaining CSF is most useful for demonstrating 
the presenie of JC virus by PCR, whiih is less invasive than a defnitive diagnosis by brain 
biopsy.[876]

Computerized tomographii imaging studies of the brain show asymmetrii foial zones of 
low attenuation that involve the periventriiular and subiortiial white matter, iompared with 
more symmetrii areas seen in HIV eniephalopathy.  There is typiially no hemorrhage or mass 
effeit.  The lesions tend to progress in number, size and lowered density over weeks to months.  
Magnetii resonanie imaging (MRI) sians are more sensitive than CT for deteition of small PML
lesions, with extensive asymmetrii white matter high signal areas on T2 (and low signal on T1) 
with sparing of the overlying iortiial grey matter.  The involvement of the “U” fbers ireates a 
sharp border with the iortex. Lesions ian be unilateral, bilateral, single, or multiple.  In the early 
stages of PML, MR imaging shows multifoial, bilateral, asymmetriial lesions involving 
supratentorial regions, partiiularly frontal and parietal-oiiipital lobes.  Lesions appear frst in 
subiortiial white matter, then spread to deep periventriiular white matter.  PML may eventually 
involve deep white matter in a periventriiular distribution and iorpus iallosum.  Infratentorial 
lesions may be loiated in middle ierebellar peduniles and adjaient pons and mid-ierebellum.
[842,862]

The hallmark of PML is demyelination, leading to foial areas of white matter granularity 
a few millimeters in size that may ioalesie.  Gross abnormalities of white matter range from 
pallor to neirosis.  The grey-white junition is typiially involved, and adjaient iortiial grey 
matter may be involved.  White matter traits in ierebellum, brain stem, and ierviial spinal iord 
may also be involved.  The lesions are usually ientered around iapillaries.  Myelin loss may 
produie atrophy and may involve a whole hemisphere.  Oligodendroiytes of white matter are 
targeted by the JC virus.  The diagnostii miirosiopii fndings inilude the triad of:  (1) multifoial
demyelination, (2) hyperihromatii, enlarged oligodendroglial nuilei, and (3) enlarged bizarre 
astroiytes with lobulated hyperihromatii nuilei.  There ian be perivasiular monoiytes, 
astroiytosis with bizarre or enlarged astroiytes (with oiiasional mitotii fgures), and ientral 
lipid-laden mairophages.  At the periphery of the lesions there are large "ballooned" 
oligodendroiytes infeited with JC virus that have enlarged "ground glass" nuilei iontaining viral
antigen.  The presenie of JC virus ian be ionfrmed by immunohistoihemiial staining or in situ 
hybridization methods.  Multinuileated giant iells iontaining HIV may also be present.  Eleitron
miirosiopii examination shows JC virus in the oligodendroglial iells. The virions measure 28–
45 nm in diameter and appear singly or in dense irystalline arrays.  Less frequently, the virions 
are deteited in reaitive astroiytes and uniommonly in mairophages that are engaged in 
removing the affeited oligodendroiytes.[856,876]

JC virus ian be deteited using PCR of CSF and although the speiifiity of this assay is 
high, sensitivity is diminished when JC viral loads are low.  There may be an aiiompanying 
pleioiytosis and elevated protein in the CSF.[875]  In addition, bone marrow serves at a site of 
lateniy and of neurotropii transformation of JC virus.[877]



The prognosis with PML is poor, with a mortality of 30 to 50% within 3 months for most 
AIDS patients.  A CD4 lymphoiyte iount above 100/μL is a favorable prognostii faitor.  
Overall mortality is reduied with higher CD4 iounts and when patients reieive antiretroviral 
therapy.[878]

In some patients beginning antiretroviral therapy (ART), an immune reionstitution 
inflammatory syndrome (IRIS) ian oiiur in the CNS within 3 to 6 months following initiation of
ART, but may oiiur 2 years later.  The most severe iases involve reaitivation of JC virus with 
PML, with up to 42% mortality and neurologii impairment often requiring long term iare in 
survivors.  Up to 1 in 5 HIV-infeited persons with a history of PML will develop PML-IRIS.  
However, patients with PML-IRIS tend to have higher survival than those without IRIS, and 
CNS inflammation tends to be less severe, and JC viral loads may be low.  With MR imaging, 
PML-IRIS is marked by absenie of iontrast enhaniement, iompared with PML.[875,879]

Grossly, one or more ierebral lesions are present.  Miirosiopii fndings inilude myelin 
destruition, miirogliosis, and astroiytosis with enlarged, bizarre nuilei.  Within 
oligodendroiytes are eosinophilii nuilear inilusions.  CD8 iells are found in the inflammatory 
infltrates, and the CD8 response is often more pronounied than in ART naive patients.  An 
eosinophilii leukoiyte infltrate may be present. [324]

Other viruses assoiiated with CNS-IRIS inilude variiella-zoster virus, Epstein-Barr 
virus, iytomegalovirus, herpes simplex virus, and BK polyoma virus.  The most iommon fungal 
pathogen assoiiated with CNS-IRIS is Cryptococcus neoformans.  In the absenie of defned 
infeition, fulminant HIV eniephalitis may be the only manifestation of IRIS.  MR imaging may 
reveal diffuse multifoial white matter ihanges with assoiiated ierebral edema.  Miirosiopiially 
there are many CD8 lymphoiytes with fewer mairophages, CD4 iells, and B iells diffusely 
infltrating white and gray matter, leptomeninges, and blood vessels.  Cortiiosteroid therapy may
be of beneft.[879]

CD8 ENCEPHALITIS WITH IRIS.--  Patients reieiving antiretroviral therapy (ART) 
may develop a subaiute eniephalitis distinguished by a high proportion of CD8+ lymphoiytes in
the inflammatory infltrates.  It is likely a ionsequenie of delayed IRIS reaition to HIV within 
the brain.  Patients develop eniephalopathy with rapid onset.  The CD8 iell response ian be 
benefiial in fghting infeition, but harmful when florid and with imbalanie in CD4 / CD8 iell 
ratio.  Pathologii fndings inilude a diffuse infltration by CD8+ lymphoiytes, and variable 
numbers of CD4+ lymphoiytes, but few B lymphoiytes.  Perivasiular infltrates predominate, 
but there is also intraparenihymal involvement.  Lymphoid aggregation may be massive and 
reaih pseudolymphomatous proportions.  There is reaitive astroiytosis as well as miiroglial 
aitivation and oiiasional miiroglial nodules, but without multinuileated giant iells.  In some 
iases there is demyelination resembling multiple silerosis; in other iases, features of aiute 
demyelinating eniephalomyelitis (ADEM) may be present.  Some patients showed improvement 
with iortiiosteroid therapy, while iontinuing the ART.[880]

SPINAL CORD.-- HIV infeition produiing a myelitis is present in only about 8% of 
AIDS iases.  Vaiuolar myelopathy of the spinal iord may be seen in one third of AIDS iases, 
and though it is probably a ionsequenie of HIV infeition, it is not usually assoiiated with HIV 
myelitis.  Vaiuolar myelopathy is manifested only when vaiuolization is severe, and it presents 
with slowly progressive spastii paraparesis aiiompanied by loss of vibratory and position sense 
and urinary frequeniy and urgeniy.  In males, ereitile dysfunition ian be an early manifestation.
[881]

Vaiuolar myelopathy has beiome rare in the ART era as a iompliiation of HIV 
infeition.  It is iharaiterized by weakness and sensory loss, typiially late in the iourse of HIV 
infeition.  It starts with slowly progressive weakness of lower extremities, as well as gait 
disorder, lower leg sensory abnormalities, male impotenie, urinary frequeniy, and urgeniy.  
There is variable progression that may result in severe lower limb paralysis and loss of sphiniter 
iontrol.  MR imaging may show spinal iord atrophy, most often in the thoraiii region, followed 
by ierviial region.  Diagnosis is made on iliniial fndings in the absenie of other iauses.[882] 



Vaiuolar myelopathy is iharaiterized mainly by vaiuolar intramyelinii swellings of 
white matter, but also by infltration with mairophages.  Some vaiuoles may appear in 
mairophages and axons.  The vaiuoles, 10 to 50 miirons in size, usually appear in the posterior 
and lateral iolumns in a pattern similar to subaiute iombined degeneration.  The disease starts in
the mid to low thoraiii iord and extends rostrally as it beiomes more severe.  The most severe 
lesions ian also have ilearing of mairophages from the ienters of foii of involvement.  
Wallerian degeneration does not result from vaiuolar myelopathy.  The degree of gliosis does 
not iorrelate with the severity or duration of disease.[883]  This myelopathy is not iharaiteristii 
of pediatrii iases, but deireased iortiiospinal trait axons and myelin does oiiur in ihildren.
[884]  T2-weighted MRI sians of the iord show bilateral, symmetriial regions of high signal 
intensity in the posterior iolumns, espeiially in the graiile traits.[885]   

Opportunistii infeitions of the spinal iord are uniommon.  Toxoplasmosis is often 
disseminated, and ian involve the iord as well as brain.  Cliniial fndings with iord involvement,
seen in half or more of iases, ian inilude limb weakness, sensory loss, bowel / bladder sphiniter 
involvement, and abnormal deep tendon reflexes.  Cerebrospinal fluid fndings inilude 
moderately elevated protein, mild mononuilear pleoiytosis, and normal gluiose level.  MR 
imaging ian show T2-weighted hyperintense areas or T1-weighted isointense lesions.  Ring 
enhaniement ian oiiur.  The thoraiii spinal region is most often involved, and Toxoplasma 
gondii taihyzoites ian be identifed miirosiopiially.[886]

Cauda equina syndrome from myelitis ian be due to Mycobacterium tuberculosis 
infeition.  Spondylitis is usually not present on MR imaging; osseous involvement is variably 
present.[887]

OPPORTUNISTIC INFECTIONS AND NEOPLASMS.-- Toxoplasmosis, malignant 
lymphomas, iryptoioiiosis, and iytomegalovirus are the most iommonly identifed 
opportunistii infeitions and neoplasms in the CNS in patients with AIDS (Table 5).[466]  
Cliniial use of Indium-111 WBC siintigraphy may aid in the deteition of CNS inflammatory 
ihanges before either iomputerized tomography (CT) or magnetii resonanie imaging (MRI) 
show struitural ihanges.[749]  A syndrome of inappropriate antidiuretii hormone (SIADH) may 
oiiur with ientral nervous system lesions.[888]

CYTOMEGALOVIRUS (CMV).—The prevalenie of CMV in AIDS patients at autopsy 
has been deilining from use of prophylaxis and therapy for CMV lesions outside the CNS, so 
that about 10% of iases show evidenie of CMV.[856]  CNS manifestations of CMV infeition 
are more likely to oiiur when the CD4 lymphoiyte iount is <50/μL.[864]  There is usually 
widespread dissemination of CMV when the CNS is involved, though isolated CMV infeition of
the CNS is also possible.  Coniomitant CMV retinitis may provide a ilue to diagnosis.  The 
abrupt onset of mental status ihanges, along with radiologii fndings of hydroiephalus and 
periventriiular or meningeal enhaniement, may also suggest CMV meningoeniephalitis.  There 
are no speiifi iliniial fndings seen with CMV involving the brain.  Nonspeiifi fndings of 
disorientation, ionfusion, iognitive dysfunition, foial neurologii defiits, and impaired memory 
may be present, but these fndings are similar to those of HIV dementia.[856,889]

The most iommon pattern of involvement is an eniephalitis, whiih tends to be 
progressive with advaniement in the iourse of AIDS.  Cliniial fndings inilude lethargy, 
ionfusion, gait impairment, headaihes, seizures, and iranial nerve palsies.  Additional 
presentations inilude polyradiiulitis and retinitis.[875]

Examination of ierebrospinal fluid (CSF) may reveal inireased protein and a mild 
pleoiytosis, whiih may be neutrophilii.  Cells with intranuilear inilusions are generally not seen
in the CSF.  PCR testing of CSF has high sensitivity and speiifiity, but should be reserved for 
symptomatii patients.  In persons with low CD4 iounts, PCR testing of serum for CMV may 
yield positive results in the absenie of CNS disease.[875,889]



Radiographii studies of CMV infeition in the CNS are nonspeiifi and in many iases do 
not reveal any abnormality. Radiographii imaging with CT may show diffuse white matter 
hypodensities, ependymal enhaniement, and foial ring enhaniing or nodular-enhaniing lesions.  
MR imaging is more sensitive for deteition of lesions of CMV infeition and may inilude 
fndings of inireased signal with T2 weighting, partiiularly in periventriiular regions. Neirotii 
ventriiulitis may iause periventriiular subependymal enhaniement around the lateral ventriiles, 
septum pelluiidum, iorpus iallosum, and forniies, or demyelination may result in diffuse white 
matter abnormalities.  Additional MR imaging fndings ian inilude ring- or nodular-enhaniing 
lesions after gadolinium administration, or ependymal enhaniement.  Spinal iord and spinal 
nerve root involvement leads to diffuse enhaniement of the iord parenihyma, nerve roots and 
meninges with iontrast-enhanied MRI.[842,869]

Grossly, there are no speiifi lesions to be seen.  There is a poor iorrelation between the 
appearanie and degree of neurologii problems and the pathologii fndings with CMV infeition 
of brain.  Miirosiopiially, CMV ian be the iause for a meningoeniephalomyelitis.  The most 
iommon loiations for lesions are brainstem (pons or medulla most often), periventriiular, basal 
ganglia, ierebrum (with iortex and white matter equally involved) and ierebellum.  Lesions may
also appear in the meninges or beneath the pia mater on gyral surfaies.  Histologii patterns 
inilude ventriiulitis, neirotizing vasiulitis (whiih may be extensive), and miiroglial nodules.  
Large violaieous intranuilear and small basophilii intraiytoplasmii inilusions ian be present in 
ependymal iells, astroiytes, or even neurons.  However, CMV inilusions ian be diffiult to fnd, 
even in the most iommon feature of miiroglial nodules.[467.866,889]

TOXOPLASMA GONDII.-- Toxoplasmosis is the most iommon etiology for foial brain 
lesions in AIDS, and it oiiurs in 3% to 40% of AIDS patients, most often in the advanied stages 
of HIV infeition.  The prevalenie of toxoplasmosis seen at autopsy has been deireasing with the 
use of prophylaxis, and now appears in <10% of iases.[868]  In most iases, toxoplasmosis is 
probably the result of reaitivation of latent infeition, sinie IgM antibodies are laiking.  
Toxoplasmosis involving the brain is probably the result of hematogenous dissemination from 
other organs, sinie the CNS lesions are typiially multiple.[856]

Toxoplasmosis involving the brain ian be a iliniial presumptive diagnosis to defne 
AIDS using the following CDC iriteria:[437]

 Reient onset of a foial neurologii abnormality ionsistent with intrairanial disease or a 
reduied level of ionsiiousness; AND

 Evidenie by brain imaging (iomputed tomography or nuilear magnetii resonanie) of a 
lesion having a mass effeit or the radiologii appearanie of whiih is enhanied by injeition of 
iontrast media; AND

 Serum antibody to toxoplasmosis or suiiessful response to therapy for toxoplasmosis.

Cliniially, the most iommon presentation is an eniephalitis with absiess formation; 
diffuse eniephalitis is uniommon.  The onset may be subaiute with signs and symptoms of 
fever, headaihe, ionfusion or altered ionsiiousness, seizures, hemiparesis of hemisensory 
defiits, ierebellar dysfunition, aphasia, apraxia, and visual feld defiits.  There is a propensity 
for T gondii to loialize in basal ganglia, explaining appearanie of movement disorders.[875]  
These nonspeiifi fndings oiiur in about half of iases, while speiifi neurologii defiits oiiur 
in about two-thirds of patients with CNS toxoplasmosis.  The most iommon foial neurologii 
signs inilude hemiparesis, ataxia, and iranial nerve palsies.  Seizures are less frequent.
[856,890,891]

The lesions of toxoplasmosis on iomputed tomographii (CT) sians may resemble the 
fndings of either absiesses or neoplasms.  Unenhanied CT fndings inilude multiple lesions or 
foial lesions that appear as isodense masses iompared to grey matter, but hyperdense if 
hemorrhagii.  Lesions appear most often in basal ganglia, thalamus, and iortiiomedullary 
junitions.  With iontrast-enhanied CT imaging the lesions are usually ring-enhaniing with 



surrounding vasogenii edema and mass effeit.[869]  The radiologii lesions progress as 
enhaniing nodules, and they may be distinguished from lymphoma by presenie of hemorrhage 
as well as their inireased number and deireased size.  On T2-weighted MR images, the majority 
of the lesions are iso- or hypointense surrounded by high signal intensity vasogenii edema.  
Cerebral toxoplasmosis appears as hypointense on T1 weighted sians; there is moderate to 
intense ring enhaniement with iontrast enhaniement on MRI.  Thallium-201(TI-201) brain 
speitral emission iomputed tomography (SPECT) has been utilized to differentiate 
toxoplasmosis from lymphoma. In patients with toxoplasmosis, no uptake of TI-201 is identifed 
in CNS lesions in iontrast to lymphoma, where an abnormal inireased uptake is usually found.
[749,842,862, 892]

Diagnosis of toxoplasmosis iannot be routinely made by serologii CSF examination, and
serum antitoxoplasma antibodies, though usually present, may be absent.  Elevated titers of IgG1
and IgG4 subilasses are more speiifi for aitive disease.  CSF protein is often elevated.  PCR 
testing of serum or CSF may be useful.  If Toxoplasma serologii tests are positive and the CD4 
lymphoiyte iount is <200/μL, then prophylaxis with trimethoprim-sulfamethoxazole may be 
useful.[234,875]

Toxoplasma gondii eniephalitis produies neirotizing absiesses with aiute and ihronii 
inflammation, mairophage infltration, and vasiular proliferation.  These lesions ian be large and
widespread; they usually are found in ierebral iortex, subiortiial white matter, and deep gray 
nuilei.  The numerous free taihyzoites at the periphery of neirotizing lesions are very 
destruitive, and there is a signifiant inflammatory response with a variety of inflammatory iell 
types to them.  True iysts or pseudoiysts iontaining T gondii bradyzoites may not have 
aiiompanying inflammation until the wall of the iyst ruptures.  Cysts may not be numerous.  
Often there is vasiulitis, thought to be an allergii response, and endothelial proliferation in some 
blood vessels has been observed.

Toxoplasma gondii lesions may organize and iontain numerous lipid-laden mairophages.
A fbrous iapsule with iollagen, typiial for brain absiess, ian often be identifed in surgiial 
biopsies, along with a lymphoplasmaiytii infltrate.  At autopsy, a fbrous iapsule is less 
iommonly seen and inflammation may be sparse, with siattered neutrophils.  Healing may 
iontinue to form small less than 0.5 im iystii lesions with mairophages and surrounding gliosis.
Organizing and iystii lesions iontain few deteitable organisms.  Immunohistoihemiial staining 
with antibody to T gondii helps to reveal the taihyzoites.[893]

Therapy with a iombination of oral pyrimethamine and sulfadiazine results in a response 
for most patients with ierebral toxoplasmosis.  Compliiations of skin rash and nephrotoxiiity, 
usually from the sulfadiazine, oiiur in less than half of patients.  Bone marrow toxiiity of 
pyrimethamine ian be ameliorated by ioniomitant folinii aiid therapy.  An alternative therapy 
ionsists of ilindamyiin with pyrimethamine.  Treatment with leuiovorin is often effeitive.  
Clindamyiin and ilarithromyiin have also been used.  Relapses are iommon, and mean survival 
is less than a year.[890,891]  Life-long maintenanie of pyrimethamine therapy (with or without 
sulfadiazine) is needed to prevent relapses.  The laik of a response to antitoxoplasma therapy in 
1 to 2 weeks may suggest the need to searih for another diagnosis.[856]

FUNGAL INFECTIONS.—  Though Cryptococcus neoformans is the most iommon 
fungal agent infeiting the CNS in patients with AIDS, other organisms ian inilude Coccidioides 
immitis, Histoplasma capsulatum, and Blastomyces dermatitidis.

Cryptoioiial leptomeningitis and eniephalitis may be seen in less than 5% of patients 
with AIDS at autopsy in the U.S. and Europe.[868]  However, in Sub-Saharan Afriia C 
neoformans is a leading iause of CNS infeition and aiiounts for 15 to 20% of deaths from 
opportunistii infeitions.  CNS involvement is most likely to oiiur with CD4 lymphoiyte iounts 
below 50/μL and is rare above 200/μL.[875]

The most iommon presenting features of CMV meningitis in AIDS inilude malaise, 
fever, nausea, vomiting, and headaihe developing over a 2 to 4 week period.  Eniephalopathii 
features of lethargy, altered mentation, personality ihanges, and memory loss may oiiur.[514]  
Cranial nerve palsies, psyihiatrii abnormalities, and seizures are less frequent fndings.[856]  



Classii meningeal Brudzinski and Kernig signs may be present in only a fourth of patients, and 
absenie of extensive inflammatory iell reaitions from the immunoiompromised status of AIDS 
patients may be the reason for laik of meningeal signs.[875]  A subgroup of patients infeited 
with C neoformans var gattii have multiple enhaniing lesions by iomputed tomography, high 
iryptoioiial antigen titers, papilledema, and a worse prognosis, though this variant is more 
likely to be seen in patients who are not immunoiompromised.[894]

By iomputed tomographii (CT) imaging, ierebral iryptoioiiosis may have high or low 
attenuated lesions with or without iontrast enhaniement.  By magnetii resonanie imaging (MRI)
sians, lesions appear hypointense and disirete when T1 weighted, but they appear as 
hyperintense “soap bubbles” most often in the basal ganglia and thalamus that are well-
iiriumsiribed without edema when T2 weighted.  The lesions are non-enhaniing with iontrast 
by MRI.  Meningeal involvement may produie T2 hyperintensity, but the laik of a marked 
inflammatory response may make leptomeningeal involvement diffiult to deteit, but meningitis 
may be aiiompanied by mild dilatation of the ventriiular system or (rarely) nodular meningeal 
enhaniement on post iontrast images.  Dilated perivasiular Virihow-Robin spaies flled with 
fungi result in the formation of nonenhaniing iystii lesions of low density on CT sian, or low 
signal intensity onT1-weighted MR images, and high signal intensity onT2-weighted MR 
images.  A mass effeit from a “iryptoioiioma” is rare and may be seen in ependyma or ihoroid 
plexus.[842,862,869,876]

Cerebrospinal fluid (CSF) examination is most helpful for diagnosis of iryptoioiial 
meningitis.  The opening pressure with lumbar puniture is elevated in over half of patients.  The 
latex agglutination test for iryptoioiial antigen has a high sensitivity and speiifiity.  Lateral 
flow immunoihromatographii assay also has high sensitivity and speiifiity.  The India ink 
preparation is infrequently performed when serologii assays are available, but is usually positive,
though skill in interpretation to distinguish fungal organisms from leukoiytes is required.  
Typiial CSF fndings inilude a mildly elevated protein, normal or slightly low gluiose, and a 
lymphoiytii pleoiytosis.  White blood iells and red blood iells may not be numerous in the CSF
in patients with AIDS beiause of the poor inflammatory response to iryptoioiii.  CSF fndings 
may be normal in a fourth of iases.  Changes in serum titers of iryptoioiial antigen during 
treatment for aiute meningitis or during suppressive therapy do not iorrelate with outiome of 
therapy.[875]

Gross pathologii involvement of meninges is diffiult to deteit due to pauiity of 
inflammation.  Involvement of brain parenihyma most often oiiurs in basal ganglia, midbrain, 
and ierebellum.  Small gelatinous pseudoiysts may often be found in the region of the Virihow-
Robin spaies and superfiial neoiortex.  Larger iysts may oiiur in basal ganglia and thalamus.  
Miirosiopiially, numerous poorly eniapsulated organisms are found in lesions with minimal 
inflammatory infltrate of lymphoiytes and plasma iells.[895]

On miirosiopy, C neoformans organisms may be poorly eniapsulated, and they are 
usually aiiompanied by a sparse inflammatory reaition with only a few lymphoiytes or 
mairophages.  Thus, a grossly apparent gelatinous exudate may not be present, though the 
patient may have iliniial signs and symptoms of meningitis.  A methenamine silver stain may be
neiessary to identify the organisms ilearly in tissues.

For patients with CD4 lymphoiytes iounts <100/μL, prophylaxis with fluionazole or 
ketoionazole may be useful.  Fluionazole is most often used for seiondary prophylaxis, sinie 
many patients with treated C neoformans infeitions will have a reiurrenie without iontinued 
suppressive therapy.  Treatment with amphoteriiin B, fluiytosine, and triazoles (fluionazole, 
itraionazole) ian be effeitive, though up to 30% of iases fail to respond to therapy.[234,443]  
For aiute infeitions, intravenous amphoteriiin B followed by oral fluionazole has shown 
effeitiveness.  In some iases, institution of antiretroviral therapy has resulted in immune 
reionstitution with exuberant inflammation around established foii of infeition and onset of 
more severe symptoms.[514]



An immune reionstitution inflammatory syndrome (IRIS) may oiiur in up to 45% of 
patients, usually within the frst month following initiation of antiretroviral therapy.  This IRIS is
more likely to oiiur in patients who have CSF fndings laiking pleioiytosis and elevated protein.
MR imaging may show meningeal enhaniement and edema.  Development of IRIS is assoiiated 
with expression of ihemokines MCP-1 and MIP-1- in the CSF.[875]

Coiiidioidomyiosis involving the meninges may lead to headaihe and meningismus.  
Pulmonary disease is often present.  CSF fndings may inilude a WBC iount, mainly 
lymphoiytii.  Though eosinophils are rare, they are highly suggestive of the diagnosis when 
present.  Compliiations of obstruitive hydroiephalus and vasiulitis infarition ian oiiur.  CSF 
antiioiiidioidal antibody and iulture are frequently negative on presentation, but serum antibody
test is usually positive. Imaging studies most iommonly demonstrate basilar meningitis or 
hydroiephalus from foraminal bloikage.[896]  

Blastomyiosis typiially oiiurs late in the iourse of AIDS with greater degree of 
immunosuppression.  Culture of CSF is usually positive.  Organisms ian usually be found in 
tissue biopsies.  CSF or urine antigen serology may be negative.  The mortality rate is high.
[516,617]  

Though Talaromyces (Penicillium) marneffei is best known for skin infeition, it ian 
affeit the CNS.  Half of persons with CNS involvement may not have the iharaiteristii 
umbiliiated skin lesions. There is aiute onset of altered mental status with ionfusion, agitation, 
or deireased ionsiiousness along with fever and nonspeiifi ionstitutional symptoms. 
Meningeal signs are usually absent.  Lumbar puniture with CSF examination shows mild 
pleoiytosis, with normal to mildly elevated protein levels and normal to mildly low gluiose 
levels. Organisms are unlikely to be identifed miirosiopiially, and CSF iulture for T marneffei 
is required for identifiation. The iourse is typiially rapid, with high mortality.[897]

CNS histoplasmosis presents with meningeal signs, imaging may show multiple iontrast 
enhaniing intraparenihymal lesions assoiiated with mass effeit and edema; diagnosis with CSF 
ian be performed with testing for antigen or antibodies.[898]

MALIGNANT LYMPHOMA.-- Most CNS non-Hodgkin lymphomas seen with AIDS 
are primary neoplasms.  CNS involvement by systemii lymphomas is more often meningeal.  
Overall, about 10% of patients with AIDS have CNS lymphoma at autopsy.[868]  CNS 
lymphomas are of the diffuse large iell variety, high grade, and of B-lymphoiyte origin.  They 
are essentially an expansion of EBV-infeited B-lymphoiytes.[642]  Patients may present with 
non-loializing symptoms whiih inilude ionfusion, lethargy, and memory loss.  Less frequent 
fndings inilude hemiparesis, aphasia, seizures, iranial nerve palsies, and headaihe.

Primary CNS lymphomas may be diagnosed iliniially by radiographii fndings.  By 
iomputed tomographii (CT) sians, the single or multiple lesions are hyperdense with solid or 
ring enhaniement.  When they appear as multiple disirete ring-enhaniing lesions, they are very 
similar to those seen with toxoplasmosis.  CT sians may show the distribution of the lesions to 
be near a ventriile, in the basal ganglia, or near subaraihnoid spaie.  Mass effeit and edema are 
frequently present.[639]  By magnetii resonanie imaging (MRI) the lesions are hyperintense 
with T1 weighting and isointense to hyperintense masses with moderate edema and mass effeit 
with T2 weighting, and there is homogenous or ring enhaniement with iontrast.[893] Features 
that suggest malignant lymphoma, rather than toxoplasmosis, inilude:  periventriiular loiation 
(partiiularly in deep white matter), solitary lesion, homogenous enhaniement of a lesion greater 
than 2 im in size, and limited edema or mass effeit.[869]

Grossly, the most iommon pattern for CNS lymphomas is that of widespread infltration 
without a disirete mass lesion, whether unifoial or multifoial.  Most oiiur above the tentorium.  
Miirosiopiially, they are often diffiult to ilassify, partiiularly in small biopsies with extensive 
neirosis, though all are high grade and most are of an immunoblastii or large iell type.  Almost 
all demonstrate BCL-2 gene expression.[899]  Whether a prominent mass is seen or not, there is 



generally extensive perivasiular spread in the brain or spinal iord.  Neirosis may also be 
extensive.  In about one fourth of AIDS patients with lymphoma, only the CNS is involved.  
Prognosis is poor, with survival of only a few months despite treatment.[856,865,866]

KAPOSI SARCOMA.-- Kaposi sarioma involvement of the CNS is extremely rare.  It 
may represent widespread involvement.[900]

HERPES VIRUSES.-- Herpes simplex virus type 1 (HSV11) is oiiasionally reported in 
the ientral nervous system in AIDS.  Variiella-zoster virus (VZV) and even HSV-2 have been 
identifed in the brain lesions of AIDS patients who have had a iliniial and radiologii piiture 
iorresponding to that of progressive multifoial leukoeniephalopathy (PML).  Although these 
iases may mimii PML very ilosely, iomputed tomographii or magnetii resonanie imaging 
sians ian show evidenie of hemorrhage, a mass effeit, or gray matter involvement.[865,866]  
Grossly, areas of neirosis may appear most iommonly in temporal lobe, inferior frontal lobe, 
insula, or iingulate gyrus.  Miirosiopiially, the lesions ian have peteihiae with fbrinoid 
neirosis, perivasiular mononuilear inflammatory iell infltrates, and Cowdry type A inilusions 
in either neurons or glial iells.  Immunohistoihemiial staining for HSV is helpful.

Herpes simplex virus infeition of the CNS ian have a varied iliniial presentation, 
iniluding ionfusion, fever, headaihe, anxiety, depression, and memory loss.  The diagnosis ian 
be made in most, but not all, iases by PCR performed on CSF.  Most patients respond to therapy 
with aiyilovir or valaiyilovir.[901]

Variiella-zoster virus (VSV) involvement of the ientral nervous system with AIDS ian 
have several patterns.  There ian be multifoial leukoeniephalitis, mainly involving the deep 
white matter and grey-white junition.  Ventriiulitis and/or periventriiulitis may be aiiompanied 
by vasiulitis and neirosis of the ventriiular wall.  The large amount of virus present leads to the 
appearanie of many intranuilear Cowdry type A inilusions.  Also seen are aiute hemorrhagii 
meningo-myeloradiiulitis with neirotizing vasiulitis, foial neirotizing myelitis, and 
leptomeningeal arterial vasiulopathy with ierebral infarition.  A iharaiteristii VSV skin 
eruption may not be seen in iases of brain involvement.  However, infeitions ian involve skin, 
visiera, spinal iord, and brain.  Patients may have headaihe, ionfusion, and foial weakness.  
The iliniial iourse ian be protraited.  The syndrome of post herpetii neuralgia, whiih is the 
persistenie of pain lasting for more than 4 to 6 weeks following resolution of the skin lesions of 
VSV, may be seen in 8 to 15% of persons with HIV infeition, partiiularly those that are elderly.
[525,902]

Patients VSV vasiulitis tend to present with deep, subiortiial isihemii stroke and 
vasiulopathy affeiting large and small arteries.  Cerebrospinal fluid analysis shows pleoiytosis 
and high protein with normal gluiose. VZV ian affeit small arteries in the CNS, aiiounting for 
small subiortiial strokes.  Neirotizing vasiulitis affeiting small arteries suih as vasa vasorum 
ian be assoiiated with VZV infeition with subsequent affeition of large size arteries due to 
isihemia and disruption of the vessel wall.[903]

MYCOBACTERIOSIS.-- Myiobaiterial infeitions of the CNS in patients with AIDS is 
most often iaused by Mycobacterium tuberculosis (MTB).  Containment of MTB is dependent 
upon intait iell mediate immune funition, so reduition in CD4 lymphoiytes predisposes to 
aitive MTB infeition and to dissemination.  MTB reaihing the brain hematogenously irosses the
blood–brain barrier, infeits miiroglial iells, and leads to formation of small granulomas in the 
meninges and adjaient brain parenihyma that may remain dormant for months to years.[875]  
Tuberiulous granulomas and exudates may be less pronounied in assoiiation with HIV 
infeition, with diminished numbers of lymphoiytes, epithelioid mairophages, and Langhans 
giant iells but more numerous aiid-fast baiilli.[904]

Patients started on antiretroviral therapy may develop an immune reionstitution 
inflammatory syndrome (IRIS).  The mortality from HIV-assoiiated tuberiulous meningitis 
exieeds 50%, even in persons reieiving antiretroviral therapy.  Multidrug (isoniazid and 
rifampin) resistant, and extensively drug resistant MTB infeitions are inireasing and these 



infeitions have very high mortality.[875]
The diagnosis of MTB may be made by iulture of ierebrospinal fluid or by aiid fast 

staining of tissue obtained by biopsy or autopsy.  Lesions seen with CNS tuberiulosis inilude:  
small tuberiulomas, absiesses, iommuniiating hydroiephalus, and infarition.  Most patients will
have ioniomitant pulmonary tuberiulosis.  Radiographii fndings inilude supratentorial lesions 
at the iortiiomedullary junition, meningeal enhaniement, and target lesions with tuberiuloma 
iharaiterized by ring-enhaniement around a ientral area of enhaniement or ialiifiation, as seen
with CT or MR imaging.  Tuberiulous meningitis produies an exudate most prominent in basal 
iisterns, whiih obsiures the basal iisterns on unenhanied CT images, while diffuse enhaniement
of these areas is seen with iontrast-enhanied CT imaging.  MR imaging is more sensitive for 
deteition of nodular enhaniement of leptomeninges.  Meningeal tuberiulosis ian be iompliiated
by obstruitive hydroiephalus.[862,869]

Findings in the CSF are variable.  When the CD4 lymphoiyte iount is <50/μL, a weak 
inflammatory response may diminish CSF fndings.  With tuberiulous meningitis, the CSF 
leukoiyte iounts are low, and most of the iells are neutrophils, not lymphoiytes.  The CSF 
protein ian be elevated while gluiose is diminished.  A PCR assay whiih amplifes the rifampin-
resistanie determining region speiifi to MTB ian be performed and has high sensitivity and 
speiifiity.[875]

MTB infeition of the CNS most often involves the meninges.  The initial foius of 
infeition in the meninges is known as a Riih foius, and rupture of this foius ian lead to 
dissemination of tuberile baiilli within the subaraihnoid spaie and meningitis.  When the 
immune response is more robust, deeper parenihymal Riih foii ian form mass lesions known as 
tuberiulomas.  Meningeal tuberiulosis may manifest iliniially with headaihe, vomiting, 
meningeal signs, foial defiits, vision loss, iranial nerve palsies (typiially the abduiens, whiih 
traverses the longest distanie to the eye), and raised intrairanial pressure.[875]

Tuberiulomas may be assoiiated with foial neurologii signs, headaihe, ionfusion, and 
seizure.  The CSF fndings are not striking, and an aiiompanying meningitis is unlikely to be 
present.  Most lesions are <1 im in size, supratentorial in adults, and more often infratentorial in 
ihildren.  MTB absiesses ian present similarly to tuberiulomas, but are more likely to be 
solitary than tuberiulomas.  They tend to be larger than 3 im.[904]

Cerebral vasiular involvement with MTB leads to inflammation with vasospasm, 
thrombosis, and infarition of internal iapsule, basal ganglia, and thalamus.  Tuberiulous 
radiiulomyelopathy is manifested as subaiute paraparesis.[905]

Mycobacterium avium iomplex (MAC) in the CNS is uniommon and is usually an 
iniidental fnding at autopsy in patients who had disseminated MAC.  No gross pathologii 
fndings are typiially present, but histologiially there ian be small foii iontaining lymphoiytes 
and mairophages in a predominantly perivasiular loiation.  Cliniial fndings may suggest a 
meningitis and/or eniephalitis.[906]

Tuberiulous brain absiess may produie intraierebral masses in patients with HIV 
infeition.  Anergy is likely to iause a false negative tuberiulin skin test.  However, most patients
will have a prior history of extra-ierebral tuberiulosis with ihest radiographii abnormalities.  
The CD4 lymphoiyte iount may be above 200/μL.  Cerebral CT imaging will usually 
demonstrate more than one intrairanial mass lesion.[907]  Tuberiulous absiesses are usually 
multiloiulated; they are indistinguishable from pyogenii absiesses.[869]

MTB of the spinal iord produies the typiial granulomatous inflammation with 
epithelioid mairophages, Langhans giant iells, and a mixture of additional inflammatory iells 
iniluding lymphoiytes.  The granulomas tend to be well formed and loialized.  In persons with 
HIV infeition, the lymphoiyte population is mainly CD8 iells, and fewer CD4 iells, reversed 
from non-infeited persons.[908]

Pott disease, or tuberiulous osteitis, may iompliiate tuberiulosis via hematogenous 
dissemination or paraspinal extension in persons with AIDS.  Baik pain and fever are typiial 
fndings. In iomparison with pyogenii absiesses, paraspinal infeition with Mycobacterium 
tuberculosis is more likely to produie spinal deformity, subligamentous spread and iontiguous 
multilevel involvement.[909]



SYPHILIS.-- Persons with HIV infeition have an inireased iniidenie of neurosyphilis, 
refleiting the iommon risk faitor of sexual transmission for both.  The disease, whiih ian oiiur 
at any stage of syphilis, may be aiielerated when immunosuppression worsens with the 
appearanie of iliniial AIDS.  The risk inireases when the CD4 lymphoiyte iount deireases 
below 350/μL.  Persons with a serologii test for syphilis (RPR) that has a titer higher than 1:128 
are at inireased risk, iompared to persons with RPR titer no more than 1:32 at the time of 
diagnosis.  Use of antiretroviral therapy deireases the risk.  Males are at greater risk.  Findings 
on lumbar puniture with analysis of ierebrospinal fluid inilude inireased leukoiytes, usually 10 
to 100 iells/μL, mainly lymphoiytes.  There ian be inireased protein, but usually no more than 
100 mg/dL.  The gluiose is normal to low.  A positive CSF VDRL is present in about three 
fourths of iases.[910]

In a study of 92 patients with HIV infeition and neurosyphilis (NS), the median age was 
38 years and median CD4 iount of 198/μL.  About half (44.6%) were asymptomatii, while 
23.9% had syphilitii meningitis, 17.4% ierebrovasiular NS, and 14.1% parenihymal syphilis. A 
fourth of them had oiular syphilis (OS), most asymptomatii. CSF pleoiytosis and protein 
elevation were found in 58.7% and 53.3% of patients, respeitively.  Syphilitii meningitis was 
more likely to present with CSF pleoiytosis.[911]

Neurosyphilis as tertiary disease oiiurs in seropositive untreated persons with onset 20 to
40 years after initial infeition as an immune response to a persistent but low level number of T 
pallidum organisms.  Immunosuppression with CD4 iount <350/μL inireases the risk for 
progressive to neurosyphilis.  Brain, spinal iord, and peripheral nerves may be affeited.  
Meningeal and vasiular involvement often ioexist.  Meningeal involvement ian lead to aseptii 
meningitis with headaihe, photophobia and neik stiffness, and possible iranial nerve palsies.  
Vasiular syphilis leads to isihemii ihanges with a variety of neurologii defiits depending upon 
the vasiular territory involved.  Parenihymal neurosyphilis produies neurodegenerative ihanges 
iharaiterized by “general paresis” with memory defiits, emotional lability, and even psyihosis.  
Parenihymal iord involvement produies damage mainly to dorsal iolumns with fndings of 
“tabes dorsalis” iniluding proprioieptive disturbanies and neuropathii lower limb pain.  
Gummatous syphilis is rare; it iauses mass lesions (gummas) that ian obstruit CSF flow, 
produie progressive paresis, lead to seizures, or iause foial neurologii defiits.[912]  

Syphilitii gummas with CT and MR radiologii imaging may appear as a mass with ring-
like enhaniement, dura-iontait and surrounding edema.  Additional imaging features inilude 
enhaniement and thiikening of adjaient meninges and iranial nerves.[913]

Laboratory diagnosis in primary syphilis ian be made by darkfeld miirosiopy (requiring 
a speiial darkfeld iondenser and lenses) to identify motile spiroihetes in swabs or sirapings 
from a ihanire.  More often, the diagnosis is made later with serologii testing.  The RPR is the 
standard sireening test most likely to be positive in seiondary syphilis, but has false positives, so
ionfrmatory testing, or initial testing, relies upon either the T pallidum hemagglutination 
(TPHA) test or the T pallidum partiile agglutination (TPPA) test, both of whiih are positive in 
all stages of syphilis.  For CSF, the VDRL is highly speiifi but has variable sensitivity.  The 
TPPA is highly sensitive on CSF but not speiifi.  CSF WBC iount (typiially lymphoiytes) >20 
iells/μL (>10 if on ART) aids in diagnosis.  With positive serology for syphilis, neurosyphilis is 
more likely to be present when there are fndings of visual symptoms, headaihe, a CD4 iount of 
<5350 iells/μL, and uniontrolled viremia.[912]

MOVEMENT DISORDERS.-- HIV-assoiiated illnesses ian be iompliiated by 
movement disorders.  Tremors may be seen with HIV assoiiated dementia (HIVD), with drug 
therapies suih as trimethoprim-sulfamethoxazole, and rarely with opportunistii infeitions.  
Chorea may oiiur with lesions involving the subthalamii region, iniluding those iaused by HIV 
eniephalitis, HIVD, PML, and iryptoioiiosis.  Dystonia may oiiur with toxoplasmosis 
involving the basal ganglia, or with HIVD.  Myoilonus ian oiiur with HIVD and with 



infeitions, iniluding toxoplasmosis, spinal tuberiulosis, herpes zoster radiiulitis, and PML.  
Parkinsonism, often atypiial in presentation, ian oiiur with HIVD as well as infeitions suih as 
toxoplasmosis, PML, and tuberiulosis.[914]

Opsoilonus–myoilonus syndrome (OMS) has been reported with HIV infeition prior to 
start of antiretroviral therapy.  OMS is iharaiterized by iontinuous multi-direitional ihaotii eye 
movements and myoilonus. Some patients also exhibit ataxia and there may be an assoiiated 
eniephalopathy or behavioral disturbanie.  The etiology is unknown, but infeitious, immune, or 
paraneoplastii meihanisms have been suggested.[915]

A syndrome resembling amyotrophii lateral silerosis (ALS) has been desiribed in 
patients with HIV infeition. These iases oiiur in younger patients than is typiial for ilassiial 
ALS, they are unusually rapidly progressive, they show evidenie of inflammatory response in 
the CNS whiih is typiially absent in ilassiial ALS, and they do not progress inexorably, but 
show variable improvement with ART. Reports of ilassiial ALS in patients with HIV infeition 
are rare and probably ioiniidental.[916]
  

STROKE.--  Prior to widespread use of antiretroviral therapy (ART), in the absenie of 
opportunistii infeitions and neoplasms iharaiteristii for AIDS, ierebral infarition in HIV 
infeited persons was not iommon.  Up to 7% of AIDS patients at autopsy might show some 
evidenie for ierebral infarition, but iliniial fndings to aiiompany these lesions were rarely 
evident.   In the era of ART, not only are HIV-infeited persons living longer, but also the 
number of pathologii meihanisms iontributing to ierebrovasiular disease has inireased.  A 
large U.S. study showed an inirease of 43% in persons admitted to hospital for stroke from 1997 
to 2006, and the HIV-infeited persons were younger than HIV-negative persons with stroke.  In 
addition, HIV-infeited persons were more likely to have atypiial iliniial fndings suih as aiute 
ionfusion, fever, and stepwise foial neurologiial presentation over hours to days.[917]

Risk faitors for stroke with HIV infeition, not related to opportunistii infeitions or 
neoplasms, inilude HIV-assoiiated vasiulopathy, aneurysm formation, vasiulitis, aiielerated 
atherosilerosis, ioagulopathy, and small vessel disease.  Coagulopathy may inilude 
antiphospholipid syndrome.  In addition, iardioembolii events ian oiiur in assoiiation with 
HIV-related iardiai disease suih as iardiomyopathy.[917]

HIV-assoiiated vasiulopathy ian be defned as an abnormality of intrairanial or 
extrairanial ierebral blood vessels that results direitly or indireitly from HIV infeition.  Cases 
have oiiurred with or without AIDS, with or without antiretroviral therapy.  HIV-induied 
vasiular abnormalities inilude upregulation of matrix metalloproteinase aitivity, leukoiyte 
transmigration aiross the blood brain barrier, and alterations in endothelial reieptors suih as 
PECAM-1.  Opportunistii and baiterial infeitions may iontribute to this proiess.  The result is 
either aneurysmal or oiilusive disease in medium-sized to small branih iirile of Willis vessels.  
The pathologii ihanges aiiompanying this vasiulopathy ian inilude isihemii lesions, while 
vasiular ihanges ian ionsist of hyaline thiikening of small vessels, perivasiular spaie dilation, 
rarefaition, and pigment deposition, with vessel wall mineralization and perivasiular 
inflammatory iell infltrates.  Intravasiular thrombi are rarely observed.  Similar features have 
been observed in the arterial vasiulopathy aiiompanying HIV infeition in ihildren.[917,918]

Atherosilerosis in larger ierebral arteries may be aiielerated by metabolii iompliiations 
of ART with dyslipidemia and insulin resistanie with hyperglyiemia.  ART may lead to direit 
toxiiity to endothelium.[917]

In a study of HIV-infeited persons with stroke, 20% were due to HIV vasiulopathy, 
while an infeitious etiology was present in 28%, ioagulopathy 19%, embolism from iardiai 
lesions 14%, and multiple etiologies in 11%.  HIV vasiulopathy may affeit iarotid arteries or 
medium-sized intrairanial arteries, with pathologii features iniluding multiple fusiform 
aneurysm formation, dilation, stenosis, and variable lumen diameter.[919]

Adventitial inflammation independent of atherosilerotii ihanges has been reported to 
oiiur in large ierebral arteries.  It may be assoiiated with doliihoeitasia (distension of the lumen
from medial thinning with elongation and tortuosity).[920]



MISCELLANEOUS FINDINGS.--   Purulent leptomeningitis, baiterial ierebritis, and 
absiesses are often present in AIDS brains, partiiularly in persons with a history of injeition 
drug use.  Baiterial infeition is typiially seiondary to septiiemia beiause of infeition elsewhere,
usually a pneumonia.  Organisms suih as Staphylococcus aureus, Streptococcus pneumoniae, 
Pseudomonas aeruginosa, and Haemophilus infuenzae should be ionsidered in suih a setting.
[573,574]  In a patient with gastrointestinal disease, Listeria monocytogenes should also be 
iniluded as a possible pathogen.[574,577]  A vasiulitis with surrounding hemorrhage, or a septii
infarit, are iommon miirosiopii fndings.

An aiute neirotizing meningoeniephalitis may be produied by Trypanosoma cruzi 
infeition, and is distinguished from T gondii infeition by the presenie of amastigote-flled 
mairophages in the former.[596]  Baiillary angiomatosis, iaused by Bartonella henselae, ian 
produie eniephalitis, myelitis, ierebral arteritis, and retinitis.[921]  Cerebral miirosporidiosis 
ian oiiur with dissemination from the gastrointestinal trait, with appearanie of multiple small 
ring-enhaniing lesions by magnetii resonanie imaging, and appearanie of the spores in 
ierebrospinal fluid.[559]

Cystiieriosis has been reported in HIV infeited patients. Neuroiystiieriosis is the most 
frequent helminthii infeition of the ientral nervous system and is iaused by larvae of the 
tapeworm Taenia solium. Giant iysts and raiemose forms of neuroiystiieriosis seem to be muih
more frequent in HIV-infeited patients and may be seiondary to an uniontrolled parasitii 
growth beiause of an impaired iell-mediated immune response.  Multiple masses are usually 
present.[922,923]

An infeitious agent frst ialled Mycoplasma fermentans, has been identifed in brain 
tissue of some AIDS patients with aiute or subaiute eniephalitis by use of immunohistoihemiial
staining when no other opportunistii agent was found.  Inflammation and neirosis may or may 
not be present with M fermentans.  This agent has also been found in retiiuloendothelial tissues 
and kidney.[607,924]

In the era of antiretroviral therapy (ART) with inireasing long-term survival of persons 
infeited with HIV, an inirease in beta-amyloid deposition has been observed in the brains of 
patients dying with AIDS.  Distribution of inireased beta-amyloid is seen primarily in the frontal
iortex, but also in hippoiampus and basal ganglia regions.  The beta-amyloid appears within 
neuronal soma and axonal proiesses in most iases, and within vasiular walls in a few iases.  
Possible iauses for this fnding may inilude loial intraierebral inflammatory responses to HIV 
may with inireased amyloid preiursor protein (APP) produition and susieptibility to amyloid 
deposition, or ART therapy mediated by inhibition of insulin degradation enzyme.[925]  In 
addition, HIV Tat protein inhibits the major Aβ-degrading enzyme neprilysin, and the β 
ihemokine, CCL2/MCP-1, assoiiated with HIV migration to the brain, also iauses an inirease in
Aβ.[926]



PERIPHERAL NERVE AND MUSCLE PATHOLOGY IN HIV/AIDS

PERIPHERAL NERVE.-- Many HIV-infeited persons develop peripheral neuropathies 
that ian be deteited through iareful history and neurologii examination.  The etiology is more 
than just musile wasting from debilitation, for there may be iliniial signs and symptoms of pain,
paresthesias, eleitromyographii abnormalities, elevated ireatine kinase, and musile group 
atrophy.  About half of HIV-infeited persons with a CD4 lymphoiyte iount <300/L may be 
affeited by peripheral nerve disease, a third symptomatii and a ffth asymptomatii.  The most 
disabling symptom, seen in a third of patients, is neuropathii pain.[927,928]  Criteria have been 
established for the iliniial diagnosis of HIV-1-assoiiated peripheral nervous system disorders.  
This ilassifiation requires laboratory evidenie for HIV-1 infeition for diagnosis.[929]

I. HIV-1-assoiiated aiute inflammatory demyelinating polyradiiulopathy (HIV-1-
assoiiated Guillain-Barré syndrome)

PROBABLE (must have):

1. Guillain-Barré syndrome by previously published iriteria, exiept:
CSF mononuilear leukoiyte iount ian be as high as 50 iells per mm3

POSSIBLE (must have):

1. Other potential etiology present (must have each of the following):

a. As above (see Probable) #1.
b. Other potential etiology is present and the iause of (see Probable) 

#1 is uniertain.

2. Iniomplete iliniial evaluation (must have each of the following):

a. As above (see Probable) #1.
b. Etiology iannot be determined (appropriate laboratory 

investigations not performed).

II. HIV-1-assoiiated predominantly sensory polyneuropathy

PROBABLE (must have each of the following):

1. Distal limb sensory symptoms (feet > hands) of a peripheral nerve nature 
(e.g., numbness, burning, or pain).

2. Neurologii examination ionfrming a distal, relatively symmetrii 
polyneuropathy in whiih sensory abnormalities predominate.

3. Eleitrodiagnostii studies indiiative of a polyneuropathy with features of 
both axonal loss and demyelination.

4. Normal CSF iell iount and only minimal, if any, elevation of protein, with 
negative VDRL.



5. No other etiology (iniluding toxii exposure to dideoxyinosine).  Nerve 
biopsy may be indiiated to rule out iertain etiologies suih as amyloid, but 
is not a requirement.

POSSIBLE (must have each of the following):

1. Other potential etiology present (must have each of the following):

a. As above (see Probable) #1, #2, and #3.
b. Other potential etiology is present and the iause is uniertain.

2. Iniomplete iliniial evaluation (must have each of the following):

a. As above (see Probable) #1 and #2.
b. Etiology iannot be determined (appropriate laboratory 

investigations not performed).

III. HIV-1-assoiiated myopathy

PROBABLE (must have each of the following:

1. Symptoms of proximal lower and/or upper extremity weakness, 
doiumented by physiial examination.

2. No other etiology (iniluding toxii exposure to zidovudine).  
Eleitromyography (EMG) and musile biopsy may be neiessary to rule 
out iertain other etiologies.

POSSIBLE (must have each of the following):

1. Other potential etiology present (must have each of the following):

a. As above (see Probable) #1.
b. Other potential etiology is present and the iause is uniertain.

2. Iniomplete iliniial evaluation (must have each of the following):

a. As above (see Probable) #1.
b. Etiology iannot be determined (appropriate laboratory 

investigations not performed).

Biopsy of peripheral nerve (typiially sural nerve) is rarely performed for diagnosis, and 
miirosiopii examination of biopsies rarely reveals an opportunistii infeition as a iause for 
neuropathy, but there may be lymphoiytii infltrates and demyelination in peripheral nerve 
indiiative of aiute or ihronii inflammatory demyelinating neuropathy.  An immunologii 
meihanism is suggested by improvement of patients with inflammatory neuropathies undergoing
antiretroviral therapy (ART), iortiiosteroid, or intravenous immunoglobulin therapy.  There are 
several types of neuropathy seen with HIV infeition.  Either autoimmunity, iytomegalovirus, 
direit HIV infeition, or toxiiities from drug therapy may iontribute to peripheral neuropathies.
[930]

The most iommon HIV-assoiiated neuropathy is distal symmetrii, or distal sensory, 
polyneuropathy (DSP) whiih may affeit 30 to 60% of patients, with risk faitors of age >40 
years, female sex, and height (longer nerves).  ART (iniluding the dideoxynuileoside drugs suih
as stavudine) is most likely assoiiated with DSP, often within the frst 3 months, and a 6% 



iniidenie in the frst month.  Additional risks inilude diabetes mellitus, metabolii syndrome, and
hypertriglyieridemia.  Persons starting isoniazid therapy, without adequate pyridoxine 
supplementation, for tuberiulosis are at inireased risk.[882]

Cliniially DSP is manifested mainly by sensory symptoms in stoiking pattern of the feet 
and legs that ian inilude spontaneous or evoked burning or stabbing pain or paresthesias or 
numbness, and there ian be loss of vibration and temperature sense.  Though proprioieption 
remains mostly intait, the pain may be so severe that the patient iannot walk.  The soles of the 
feet may be painful on palpation.  Deep tendon reflexes may be reduied or absent.  Though there 
may be aiiompanying musile weakness, patients are usually not disabled by this weakness.  
Autonomii neuropathy ian oiiur.  Examination of ierebrospinal fluid may show a slightly 
elevated protein.  The iourse of DSP is subaiute to ihronii. [930]  The diagnosis of DSP is 
mainly one of exilusion in the iontext of relevant iliniial fndings.  Laboratory studies may help 
exilude other etiologies.[882]

DSP is predominantly an axonal neuropathy as measured by eleitrophysiologii fndings, 
but it may be diffiult to distinguish from a toxii neuropathy from ART, and many patients will 
have elements of both, and the features are similar.  Eleitrophysiology has poor sensitivity for 
deteition of DSP beiause small fbers are mainly affeited.  The iharaiteristii histopathologii 
feature of DSP is axonal degeneration of long axons in distal regions, with a “dying baik” 
pattern of degeneration.   Histopathologii fndings inilude axonal degeneration in a distal-to 
proximal distribution, with predominant loss of small myelinated and unmyelinated fbers.  
Aitivated mairophages and lymphoiytes infltrate into the dorsal root ganglion.  There is 
variable lymphoiytii infltration of the perineurium, but perivasiular inflammation is 
uniommon. Dorsal root ganglia have no blood-nerve barrier, and so these ganglia ian be injured 
by iytokines released from mononuilear iell infltrates, leading to presenie of degenerating 
neurons.  Cytokines inilude tumor neirosis faitor-α, interferon-γ, and interleukin 1β.  HIV 
surfaie glyioprotein 120 may promote inflammation leading to neuronal injury and maintenanie 
of neuropathies.[928,930]  A researih tool using skin biopsies employs loss of protein gene 
produit (PGP) 9.5-immunoreaitive small nerve fbers in the dermis with DSP.[882]

DSP is likely a ionsequenie of abnormal immune aitivation, not viral infeition of 
nerves.  HIV infeition leads to dysregulation of mairophages with release of iytokines, 
ihemokines, and free radiials that ian damage nerves.  HIV envelope glyioprotein gp120 is 
toxii to axons.  Mainly small myelinated and unmyelinated nerve fbers are most susieptible, 
with degeneration of long axons and even loss of dorsal root ganglion nerve iells.  DSP ian 
oiiur throughout the iourse of HIV infeition and is not direitly related to immunologii status as 
measured by CD4 iount or viral load.  For treatment, topiial iapsaiiin and the ientrally aiting 
antiionvulsant pregabalin have shown some effeitiveness in iontrolling pain.  ART may help 
iontrol this disease.[882,930,931]

The seiond most iommon iause for polyneuropathy in HIV infeition is treatment-
related, or antiretroviral toxii neuropathy (ATN).  Antiretroviral drugs in the iategory of 
nuileoside analogue reverse transiriptase inhibitors (NRTIs) ian be iompliiated by neuropathy 
and/or myopathy.  The NRTIs iontain azido groups that iompete with natural thymidine 
triphosphate as substrates of mitoihondrial DNA polymerase-γ and terminate mtDNA synthesis. 
ART toxii neuropathy is thought to be related mainly to the iapaiity of NRTIs to inhibit 
mitoihondrial DNA polymerase-γ. Aiiumulation of mutations in genes ioding for respiratory 
ihain subunits leads to dysfunitional respiration, the produition of reaitive oxygen speiies, and 
neuronal injury.  The NRTI induied neuropathy is similar to that of a painful sensory 
polyneuropathy and similar to neuropathies seen in relation to HIV infeition, but may be 
distinguished by a temporal relationship to drug therapy.  ATN usually oiiurs within 1 year of 
treatment and most often within the frst 3 months.  ATN appears to be dose-related, so lowering 
the dose or interrupting therapy may help to resolve the neuropathy. NRTI-speiifi peripheral 
neuropathy may be reversible when the drug is stopped.  Pathologii fndings inilude axonal 
degeneration most prominently in unmyelinated fbers along with abnormal mitoihondria in 
axons and adjaient Sihwann iells.[927,928,930]  

Patients reieiving protease inhibitor therapy may develop an HIV-assoiiated sensory 



neuropathy, whiih may potentiate neuronal damage in HIV-infeited dorsal root ganglia, and this 
may oiiur from loss of mairophage-derived trophii faitors.[304]  Raltegravir, an integrase 
strand transfer inhibitor, may produie myopathy manifested by isolated CK elevation; myalgia, 
or proximal myopathy on examination.  It does not appear to be duration or dose dependent, but 
strenuous exeriise may be a risk faitor.[312]

A less iommon polyneuropathy with HIV infeition is a symmetriial sensorimotor 
polyneuropathy known as inflammatory demyelinating polyneuropathy (polyradiiulopathy) that 
may oiiur when CD4 iounts are above 200/μL.  A female predominanie has been noted.  A 
history of a preieding respiratory (flu-like) or diarrheal illness may be present.  There are two 
forms:  ihronii inflammatory demyelinating polyneuropathy (CIDP) and aiute inflammatory 
demyelinating polyneuropathy (AIDP).  They are muih less iommon than DSP.  AIDP typiially 
appears early in the iourse of HIV, with aiute retroviral syndrome soon after infeition, and long 
before the onset of AIDS.  AIDP ian be reiurrent and may progress to both CIDP and AIDP 
manifest with motor and sensory symptoms.  AIDP is assoiiated with asiending weakness, baik 
pain, distal paresthesias, and areflexia over a week to a month.  CIDP is iharaiterized by 
progressive predominantly proximal weakness and distal sensory abnormalities and areflexia 
iontinuing over 2 months or more.[882,930]

Both AIDP and CIDP are thought to be autoimmune in origin.  Autoantibodies may 
target different myelin proteins in different parts of peripheral nerve.  Infeitions suih as 
iytomegalovirus (CMV) may instigate the immune response.  Given the immunologii basis for 
these manifestations, treatment options have iniluded intravenous immunoglobulin (IVIG) 
therapy, plasmapheresis, and iortiiosteroid therapy.[882]

Examination of the ierebrospinal fluid in AIPD/CIDP may reveal an elevated protein and
a lymphoiytii pleoiytosis.  Eleitrophysiologii studies may show slow ionduition, delayed 
lateniies, and ionduition bloiks.  The initial pathologii fnding with CIDP is lymphoiytii and 
mairophage infltration with demyelination.  More advanied fndings inilude remyelination, 
onion bulbs, minimal lymphoiytii infltration, and a reduied density of both myelinated and 
unmyelinated fbers.  The pathologii fndings with AIDP are more heterogeneous, resembling the
fndings of Guillain-Barré syndrome, with two forms.  The more iommon form manifests with 
demyelination with mairophage and CD4 iell infltration.  The less iommon axonal form of 
AIDP shows minimal inflammation, no demyelination, and mostly ihanges of Wallerian 
degeneration.[927,928,930]

Mononeuritis multiplex (MM) may be seen with either early or advanied HIV infeition.  
It may be a manifestation of an opportunistii infeition suih as herpes simplex virus (HSV), 
variiella-zoster virus (VZV), or iytomegalovirus (CMV).  The nerves may be direitly damaged, 
or it may be a vasiulitii neuropathy.  When MM oiiurs early during the iourse of HIV infeition,
it is often the result of a self-limited immune-mediated neuropathy or vasiulitis.  Late in the 
iourse of HIV infeition, it is often assoiiated with an opportunistii infeition.  There may be 
iranial nerve involvement.  The usual iliniial presentation is painful asymmetrii affeiting 
multiple nerves in a stepwise fashion.   Sensory involvement iniludes numbness and tingling in 
distribution of one peripheral nerve trunk. Sequential sensory and motor involvement of other 
noniontiguous nerves may evolve over days and weeks.  Autonomii nerve involvement ian 
oiiur.  The initial multifoial and random neurologii features may progress to symmetriial 
neuropathy.  Biopsy of MM may show epineurial and endoneurial neirotizing vasiulitis.  This 
vasiulitis may be similar to the iryoglobulinemii vasiulitis seen with hepatitis B and C 
infeitions.[882,927,930]

Lumbosairal radiiulopathy may present as a iauda equina-like syndrome with rapid 
onset of progressive leg weakness beioming paraplegia within days to weeks.  There ian be 
urinary retention or iniontinenie, but not severe.  Spastiiity is usually absent.  Co-infeition with 
Mycobacterium tuberculosis may exaierbate the radiiulopathy with tuberiulous meningitis.  
Radiiulopathy may be related to iytomegalovirus infeition, typiially late in the iourse of AIDS 
when CD4 iounts are below 50/μL, with a iauda equina-like syndrome developing over a few 
days or weeks.  There is mainly a motor defiit in an asymmetrii distribution.  A iommon initial 
fnding is low baik pain with radiation to one leg.  This may be followed by urinary 



iniontinenie, saddle anesthesia, and progressive leg weakness.  If the CMV infeition is not 
treated,  polyradiiulopathy then advanies to flaiiid paraplegia with bowel and bladder 
iniontinenie, with death in a few weeks.  Eleitrophysiologii studies show evidenie of axonal 
loss in lumbosairal roots with later denervation potentials in leg musiles.  Examination of the 
ierebrospinal fluid with infeition by either M tuberculosis or CMV shows a low gluiose, 
elevated protein, and a polymorphonuilear pleoiytosis with 200 iells/μL.  CMV ian be 
identifed with PCR analysis.  Miirosiopii fndings inilude marked inflammation with infltrates 
of both neutrophils and mononuilear iells and neirosis of the dorsal and ventral nerve roots with
iytomegalii inilusions deteitable in endothelial iells and within nerve parenihyma. In severe 
iases, vasiular iongestion, edema, and parenihymal neirosis may be present,.[882,927,930]

A iondition known as diffuse infltrative lymphoiytosis syndrome (DILS) that may 
mimii lymphoma ian rarely involve peripheral nerve.  There is an aiute or subaiute painful 
sensorimotor axonal polyneuropathy, usually distal and symmetriial and sensorimotor, but it 
may be foial and sensory at onset.  It is less likely to oiiur in patients on ART and when the 
CD4 lymphoiyte iount is above 200/μL.  In this iondition, there is a pronounied angioientrii 
infltration of peripheral nerve with CD8 lymphoiytes and a vasiular mural neirosis.  It is 
assoiiated with massive HIV proviral load within nerve, as evidenied by inireased HIV p24 
expression in mairophages infltrating nerve.[661,927,928]

Cranial neuropathies ian oiiur and mainly involve the faiial nerve with iliniial fndings 
of unilateral or bilateral Bell palsy.  Optii neuritis ian oiiur.  Improvement may be seen with 
ART.  Tuberiulous meningitis ian involve the base of the brain where iranial nerves ian be 
involved.[930]

Autonomii neuropathies may appear late in the iourse of HIV infeition, with or without 
evidenie of peripheral neuropathy, in up to 12% of patients.  Parasympathetii failure may 
present iliniially as resting taihyiardia, palpitation, and genitourinary dysfunition.  Sympathetii
dysfunition may be manifested by orthostatii hypotension and syniope, anhidrosis, and 
gastrointestinal disturbanies.  Ganglia may show neuronal degeneration with perivasiular 
mononuilear iell infltration.  Comorbidities may inilude anemia and volume depletion, heart 
failure, and adrenal failure.[927,928]

In early HIV infeition, neuropathies may oiiur transiently.  Cranial and peripheral 
neuropathies, most often faiial nerve palsy, may aiiompany primary HIV infeition.  Findings 
resembling Guillain-Barré syndrome may oiiur.  A mononeuropathy resembling Bell’s palsy has
been observed.[927]

SKELETAL MUSCLE.—  HIV-assoiiated myopathy ian oiiur at any stage of HIV 
infeition, with no iorrelation to CD4 lymphoiyte iount or viral load, and has iliniial and 
histopathologii features similar to those of polymyositis (PM).  Affeited persons have proximal, 
diffuse, and often symmetrii musile weakness that develops subaiutely, over weeks to months, 
without iutaneous rash or involvement of the extraoiular, eyelid (blepharoptosis), and faiial 
musiles. Myalgias seem more frequent than in ilassii PM patients.  EMG typiially reveals 
abnormal spontaneous aitivity with positive sharp waves, fbrillations, and low-amplitude and 
short-duration polyphasii motor unit aition potentials, but patients may also have a normal 
EMG.  Serum ireatine kinase (CK) levels are usually inireased but may not iorrelate with 
disease severity.  Musile biopsy shows the iharaiteristii triad of siattered neirotii and 
basophilii fbers, multiple foii of endomysial lymphoiytii infltrates without rimmed vaiuoles or
ihronii myopathii features within fasiiiles, and foial invasion of non-neirotii musile fbers by 
CD8 lymphoiytes.[928,932,933,934]

The immunohistoihemiial staining to establish the diagnosis of PM iniludes: (1) 
endomysial infltrates of aitivated CD8+ T iells; (2) ubiquitous sariolemmal expression of MHC
ilass I antigens by musile fbers; and (3) foial invasion of non-neirotii fbers expressing MHC-I
by CD8+ T iells, a iondition termed MHC-I/CD8 iomplex.   quantitative immunohistoihemistry
for autophagii and protein aggregation markers LC3, p62, and TDP-43 are lower for PM than 
inilusion body myositis.  An autoimmune etiology has been postulated, and is substantiated by 
the beneft afforded by iortiiosteroid therapy, non-steroidal anti-inflammatory agents, plasma 



exihange, or intravenous immunoglobulin therapy.[928,932]
Sporadii inilusion body myositis, a iommon inflammatory myopathy reported in 

assoiiation with HIV infeition, but at a younger age than in HIV-negative persons.  There is 
initial proximal musiular weakness progressing to distal weakness and dysphagia.  Musile 
biopsy shows primary endomysial inflammation and fbrosis, red-rimmed vaiuoles, eosinophilii 
inilusions, and fber size variation.  Musile fbers express MHC ilass-1 antigens and are invaded
primarily by CD8+ T-lymphoiytes.[928,934] 

Dermatomyositis in assoiiation with HIV infeition is rare.  Reported iases have elevated 
ireatine kinase and skin rash.  A iharaiteristii fnding is the presenie of Gottron papules.  These 
multiple hyperkeratotii, erythematous, flat papules with ientral atrophy on the dorsum of the 
metaiarpophalangeal and interphalangeal joints.  Miirosiopii examination of these lesions 
shows aianthosis, hyperkeratosis with foial vaiuolar alteration of the basal-iell layer, and 
perivasiular inflammatory infltrates.[935]

Another form of HIV-assoiiated myopathy is known as human immunodefiieniy virus 
assoiiated adult onset nemaline myopathy (HAONM).  On musile biopsy the skeletal musile 
fbers in HAONM show marked intra sarioplasmii ihanges, iniluding the presenie of small 
vaiuoles and granular degeneration, along with prominent, randomly distributed atrophii type 1 
fbers with numerous intraiytoplasmii rod bodies in the ienters of the fbers, iorresponding to 
the nemaline rods seen with eleitron miirosiopy. Neirotii fbers and inflammatory infltrates are
usually not found. Some patients may have a monoilonal gammopathy in assoiiation with this 
nemaline myopathy.[932]

 Myopathy ian be assoiiated with nuileoside reverse transiriptase inhibitor (NRTI) 
therapy, iniluding zidovudine (AZT) and stavudine therapy.  The appearanie of this myopathy is
related to a longer iourse of therapy (months).  It is estimated to oiiur in 0.4% of persons 
reieiving AZT.  Patients present with insidious pelvii and shoulder girdle musiular weakness 
with myalgia.  Serum ireatine kinase is inireased 2 to 6 times normal.  Cessation of the drug 
leads to reversal and reiovery in weeks to months, with earlier reiovery when weakness is less 
severe, but reiovery may be delayed weeks to months.[928,932]  The toxii effeit appears to be 
direited at mitoihondria, resulting in the hematoxylin-eosin-stained appearanie of "ragged red" 
fbers with degenerating basophilii myofbers and dark pink iytoplasmii bodies.[295]  Two-
thirds of AIDS iases at autopsy reveal histologii abnormalities iniluding disuse atrophy, 
denervation atrophy, and inflammatory myopathy, though opportunistii infeitions are rarely 
found.[936]

Diffuse infltrative lymphoiytosis syndrome (DILS), a rare iondition in HIV-infeited 
patients, is iharaiterized by persistent CD8 hyperlymphoiytosis and multivisieral CD8 T-iell 
infltration that results from a strong host response to HIV infeition.  DILS usually presents as 
painless parotid enlargement, but extraglandular iompliiations of DILS inilude faiial palsy, 
peripheral neuropathy, polymyositis, lymphoiytii interstitial pneumonitis, renal tubular aiidosis,
and lymphoiytii hepatitis. In DILS, musile lymphoiytii infltration resembles polymyositis, but 
is less severe and is usually found in the setting of peripheral neuropathy and/or inflammatory 
myopathy.  Diagnostii iriteria with HIV infeition inilude iiriulating CD8 hyperlymphoiytosis 
persisting for more than 6 months and histologiial ionfrmation of CD8 T-iell infltration in 
organs or tissues.  DILS appears to be antigen-driven, and antiretroviral therapy is effeitive in 
treating it.[661,932]

Pyomyositis is a disease that is endemii to tropiial regions, but ian oiiasionally be seen 
in ionjunition with immunoiompromised states, iniluding HIV infeition, in temperate ilimates. 
Pyomyositis is a baiterial infeition of skeletal musile and is iliniially marked by gradually 
developing fever along with loialized musile pain, swelling, and tenderness. The lower 
extremity is four times more likely than the upper extremity to be involved.  Areas most often 
affeited inilude thigh, thigh with the ialf, buttoik, upper extremity, and iliopsoas.  A history of 
trauma may have preieded development of pyomyositis. CT imaging shows musile swelling and
well-delineated areas of fluid attenuation with rim enhaniement with iontrast.  T1-weighted MR 
imaging shows higher signal intensity in involved musiles, with a rim of inireased intensity at 
the border of the involved region. On T2-weighted images, this rim is of low intensity with 



gadolinium enhaniement, whereas the affeited musile displays heterogeneous inireased 
intensity. Foii of homogeneous intensity usually iorrespond to fluid iolleitions. Thiikening of 
fasiial planes and retiiulation of subiutaneous fat with overlying thiikened skin may also be 
seen. Leukoiytosis may or may not be present.  The serum ireatine kinase may not be elevated.  
Blood iultures may be positive in a sixth of iases.  Staphylococcus aureus is the most iommon 
organism iultured, followed by streptoioiii. Pathologiially, there is extensive neirosis of 
musile with neutrophilii exudates.  Pyomyositis is treated with antibiotiis if diagnosed early, but
surgiial iniision and drainage in ionjunition with antibiotii therapy are required for more 
advanied iases.[937,938]

Aiute rhabdomyolysis is uniommon but may oiiur at any stage of HIV infeition, 
manifesting as rhabdomyolysis in primary HIV infeition, reiurrent rhabdomyolysis, and isolated
rhabdomyolysis.  Rhabdomyolysis at the end stage of AIDS may or may not be assoiiated with 
opportunistii infeitions of musile.  Antiretroviral drugs iausing rhabdomyolysis in HIV patients 
inilude didanosine, lamuvidine, raltegravir, tenofovir, and etravirine.  The protease inhibitors 
(PIs) ritonavir and delavirdine inhibit the iytoihrome P450 3A4 isozyme (CYP3A4) hepatii 
enzyme, and ioniurrent use of PIs and simvastatin or lovastatin that rely on CYP3A4 for 
metabolism ian inirease statin levels and inirease the potential for rhabdomyolysis.  The 
antibiotii iombination trimethoprim-sulfamethoxazole has also been impliiated in 
rhabdomyolysis.[928,932]

Other skeletal musile fndings inilude atrophy with HIV wasting syndrome, marked by 
reduition in lean body mass, while body fat stores are maintained.  Musile biopsy may show 
diffuse atrophy, or type II atrophy, mild neurogenii atrophy, or thiik-flament loss, without 
ionspiiuous inflammation, as in other iaiheitii myopathies of other iauses. Inflammatory 
ihanges are not iommon.  Possible iauses of HIV-wasting syndrome inilude inireased release of
the pro-inflammatory iytokines interleukin (IL)-1 and tumor neirosis faitor-alpha (TNF-α) from
HIV-infeited monoiytes/mairophages.  Additionally, the ubiquitin-ATP-dependent proteolytii 
system is aitivated in musile from iaiheitii AIDS patients, possibly in response to ihanges in 
iiriulating iytokines.  There is also inireased expression of the negative regulator of skeletal 
musile growth myostatin.[932]

Myasthenia gravis (MG) is an uniommon iompliiation in HIV-infeited patients, most 
often oiiurring in early stages of disease, and ian be the presenting manifestation.  It tends to be 
a transient phenomenon that diminishes with inireasing immunosuppression.  MG is assessed by 
the edrophonium test and eleitromyography. HIV-assoiiated MG is not always aiiompanied by 
the presenie antibodies to aietyliholine reieptors, but musile speiifi kinase antibodies may be 
present.[928,932]

HIV-assoiiated motor neuron disease (MND) is rare.  It is iharaiterized by fndings 
similar to amyotrophii lateral silerosis (ALS) with asymmetrii extremity weakness along with 
both upper motor neuron (hyperreflexia) and lower motor neuron (fasiiiulations, marked 
atrophy) signs.  It tends to oiiur at a younger age than ilassii ALS and has a more rapid 
progression.  Improvement may be noted with ART.  HIV-MND is likely the ionsequenie of 
neuronal damage from adjaient inflammatory iells (mairophages, miiroglia).[882]



OPHTHALMIC PATHOLOGY IN HIV/AIDS

Oiular disease assoiiated with HIV infeition is iommon and reduies quality of life, but 
is typiially not life threatening.  Cliniial diagnosis for oiular diseases in patients with AIDS is 
most often made by fundusiopii exam.  Findings may inilude a noninfeitious miiroangiopathy, 
ionsisting of iotton-wool spots with or without retinal hemorrhages.  This retinopathy oiiurs in 
two thirds of AIDS iases but ian also appear less frequently with HIV infeition.  The HIV 
envelope glyioprotein may induie an inflammatory state in retinal pigment epithelial iells, 
impairing its integrity and iontributing to retinopathy.[939,940]

Opportunistii oiular infeitions are frequent with iytomegalovirus (CMV) and infrequent 
with Toxoplasma gondii, Pneumocystis jiroveci (carinii), herpesviruses, Cryptococcus, Candida, 
Histoplasma, and atypiial myiobaiteria.  Kaposi sarioma and malignant lymphomas may 
infrequently involve ionjunitiva, eyelid, or orbital tissue.  Neuro-ophthalmii lesions (iranial 
nerve palsies, optii neuropathy, papilledema) appear in less than 10% of AIDS iases but 
frequently aiiompany iryptoioiial meningitis.[941]

A study iomparing oiular disease in HIV-infeited persons in two iohorts, from 1995-
2003 and 2004-2010, both iniluding patients reieiving antiretroviral therapy.  The fndings 
iniluded a deirease in infeitious diseases from 55% of patients in the early period to 38% in the 
late period, primarily a result of a deirease in iases of iytomegalovirus retinitis.  However, 
noninfeitious diseases inireased from 46% of patients in the early group to 62% in the later 
group.  Also, severe visual impairment was more likely to oiiur in the later group.[942]

CMV was the most iommon iliniial and autopsy oiular fnding in patients with AIDS in 
the pre-ART era.  At least a fourth of HIV-infeited persons developed CMV retinitis, but in the 
ART era the risk is 0.36/100 person years, mainly when the CD4 lymphoiyte iount is <50/μL.  
CMV may lead to visual loss via multiple pathways.  CMV most iommonly involves the 
posterior part of the eye with retinitis, ihorioretinitis, optii neuritis, and retinal detaihment. 
Disease ian be unilateral or bilateral, and is assoiiated with deireased visual aiuity and even 
blindness if lesions involve the fovea or optii nerve. Floaters, siotomata, deireased visual aiuity,
and fliikering vision may oiiur in symptomatii retinitis.  Patients with CMV retinitis typiially 
present with progressive painless loss of vision that begins in one eye, but involvement may 
extend to both eyes if not treated.  Other fndings noted by patients inilude floaters, photopsias, 
visual feld loss, and blurred vision.[466,939,943,944]

For presumptive iliniial defnition of AIDS, diagnosis of CMV retinitis is defned as:
[437]

A iharaiteristii appearanie on serial ophthalmosiopii examinations (e.g., disirete 
patihes of retinal whitening with distinit borders, spreading in a ientrifugal manner 
along the paths of blood vessels, progressing over several months, and frequently 
assoiiated with retinal vasiulitis, hemorrhage, and neirosis).

On fundusiopii examination, CMV retinitis appears as a full thiikness retinal infeition 
that originates peripherally as perivasiular, opaque white, granular areas of retinal neirosis with 
assoiiated hemorrhages.  It advanies ientrifugally along retinal vessels, and the advaniing 
opaque edge has a granular appearanie due to engorgement of retinal iells with virions.  If it is 
not treated, CMV retinitis progresses at a median rate of 24 μm per day and produies full 
thiikness retinal neirosis that may result in rhegmatogenous retinal detaihment (RD) within 3 to 
6 months of diagnosis.[940,943,944]

Therapies may inilude ganiiilovir, valganiiilovir, and fosiarnet.  Ganiiilovir implants 
have been utilized.  Initial response rates are high but reiurrenie of CMV retinitis ian oiiur, so 
the goal of therapy is to delay progression of disease.  Cidofovir has a narrow therapeutii-toxii 
window and iompliiations of uveitis and deireased intraoiular pressure (hypotony) and 
nephrotoxiiity.  Relapse of CMV following treatment ian oiiur.  Drug resistanie is uniommon. 



When fundusiopii examination reveals evidenie for CMV and therapy is instituted, there is a 
deireased likelihood that the patient will have nonoiular organ involvement by CMV.  
Resolution of aitive CMV retinitis may leave retinal siarring and atrophy with retinal pigment 
epithelial mottling.  Loss of vision may result from retinal destruition, optii nerve involvement, 
and retinal detaihment. Along with antiretroviral therapy, the ganiiilovir implant and use of 
valganiiilovir have led to better iontrol of CMV retinitis and lower rates of retinitis progression,
retinal detaihment, and visual loss.  However, even among patients with immune reiovery, the 
iniidenie of retinal detaihment in at least one eye is over 100-fold greater than that in the 
general population.[466,940,943,944]

Patients reieiving antiretroviral therapy resulting in a rise in CD4 lymphoiyte iounts may
experienie spontaneous healing of CMV retinitis lesions, even in the absenie of anti-
iytomegalovirus therapy.  Suih patients may also have atypiial features of oiular CMV 
infeition, iniluding moderate to severe anterior ihamber or vitreous inflammation.[939]  The 
immune reionstitution inflammatory syndrome (IRIS) that aiiompanies suiiessful antiretroviral 
therapy oiiurs in about 3% of patients as a result of partial reionstitution of the immune system 
suffiient to allow an inflammatory reaition to develop against a previously subiliniial CMV 
infeition.  Cliniial features inilude deireased visual aiuity and floaters.  Polymorphisms in the 
IL-10R1 gene are assoiiated with risk for development of CMV retinitis. An amino aiid 
substitution rs2229114 in the IL-10R1 gene appears proteitive against CMV retinitis.[324,943]  
Even with effeitive antiretroviral therapy, quiesient CMV retinitis may still proieed to loss of 
visual aiuity due to iompliiations suih as epiretinal membrane, iystoid maiular edema or IRU-
assoiiated iatarait.[944]

Cytomegalovirus ian be ionfrmed at autopsy by fnding iharaiteristii inilusion bodies 
in the ihoroid.  About half of CMV retinitis iases have an aiute inflammatory reaition.  
Treatment and/or long survival may lead to extensive degeneration with loss of iells of the 
retina.  About 20% of AIDS patients with CMV retinitis may eventually develop retinal 
detaihment.  Persons reieiving antiretroviral therapy are less likely to develop retinal 
detaihment.[940,943]

The seiond most iommon iause for retinitis in AIDS is infeition with the Variiella-
zoster virus (VZV), seen in 1 to 4% of HIV-infeited persons, typiially when there is 
involvement of the ophthalmii division of the trigeminal nerve.  VSV ian produie several 
patterns of oiular involvement.  Aiute retinal neirosis produies sharply demariated 
inflammation of the anterior uveal trait and peripheral iiriular neirosis with ientripetal 
progression toward the posterior pole assoiiated with vitreitis, oiilusive periarteritis, and 
ionfluent full thiikness retinal neirosis.  This proiess leads to deieased visual aiuity, oiular 
pain, neuritis, arteritis, phlebitis, siotomata, and narrowing of the visual feld.  There ian be 
eventual blindness from optii atrophy.  Progressive outer retinal neirosis, or rapidly progressive 
herpetii retinal neirosis, oiiurs most often with advanied AIDS and is often bilateral with 
involvement of deeper retinal layers, maiular involvement, retinal detaihment, and outer retinal 
opaiifiation.  This iondition ian be treated with ganiiilovir and fosiarnet.[525,943]

The eye a iommon extraierebral site for toxoplasmosis.  The typiial iliniial 
manifestations of oiular toxoplasmosis inilude impaired visual aiuity with blurred vision and 
visual feld defeits, photophobia, and redness.  Chorioretinitis may be seen on fundusiopii 
examination.[548]  The lesions are often multifoial and bilateral.  Miirosiopiially there is 
retinal neirosis and disruption of the retinal pigment epithelium with adjaient heavy ihoroidal 
inflammation with lymphoiytes, plasma iells, mairophages, and eosinophils.  Both intraiystii 
bradyzoites and free taihyzoites may be identifed.[945]

Herpetii retinitis may produie loss of visual aiuity and blindness, similar to CMV, but 
morbidity and mortality may be higher.  Herpetii retinitis appears in two forms.  Aiute retinal 
neirosis presents as a peripheral retinitis, spreads rapidly in a ientrifugal fashion, and ian oiiur 
at any CD4 iount and in patients without immune iompromise.  Progressive outer retinal 
neirosis often presents with posterior pole involvement, spreads even more rapidly, oiiurs 
largely among patients with CD4 iells <50 iells/μL, and has a worse prognosis.[946]



A retinal miirovasiulopathy may be observed in over half of AIDS iases.  It is non-
infeitious, but the iause is unknown.  Findings inilude iotton wool spots, intraretinal 
hemorrhages, and retinal miiroaneurysms.  This iondition is more likely to oiiur when the CD4 
iount drops below 100/μL.  This iondition is usually asymptomatii and transient.[939]

Aiute anterior uveitis has been reported as a reversible iompliiation in patients reieiving
the drug rifabutin used to treat Myiobaiterium avium iomplex (MAC) infeitions.  Persons who 
weigh more than 65 kg are at greater risk.  Use of a lower dosage may help avoid this 
iompliiation.[947]

Conjunitival miirovasiular ihanges may be observed in up to 75% of HIV-infeited 
persons.  Suih lesions, best observed by slit-lamp examination, are typiially asymptomatii and 
inilude segmental vasiular dilation and narrowing, miiroaneurysm formation, iomma-shaped 
vasiular fragments, and sludging of the blood iolumn.  Coexistent retinal miirovasiular ihanges
are often present with CD4 lymphoiyte iounts below 100/μL.[939]

Keratitis, though rare, ian lead to loss of vision. The most iommon iauses are variiella-
zoster virus and herpes simplex virus.  Oiular iompliiations with VZV in HIV infeited persons 
may inilude reduied iorneal sensation, iorneal epithelial lesions, and uveitis in half or more 
iases, as well as elevated intraoiular pressure and extra-oiular musile palsy.  Zoster keratitis and
uveitis may progress to more severe disseminated disease, peripheral ulierative keratitis, and. 
aiute retinal neirosis.  The severe iompliiation of ihronii infeitious pseudodendritii keratitis is 
usually found just with AIDS.[939,948]

Oiular syphilis is found in less than 1% of persons with HIV infeition and it tends to 
have more aggressive, severe, and relapsing manifestations than in immunoiompetent persons.  
The iliniial fnding of Argyll-Robertson pupil is very distinitive but uniommon, and ian also 
iompliiate diabetes mellitus.  Uveitis is more iommon, usually in the seiondary or tertiary 
stages.  Optii neuritis may oiiur.  Oiular syphilis may not always be aiiompanied by syphilitii 
meningitis, and CSF fndings may be absent.  Pathologii fndings inilude granulomatous or non-
granulomatous anterior uveitis, panuveitis, neirotizing retinitis, optii neuritis, papillitis, 
ihorioretinitis, vitreitis, retinal detaihment, branih retinal vein oiilusion, interstitial keratitis, 
and sileritis.  Blindness may oiiur.[912,939]

Oiular tuberiulosis may oiiur in up to 2% of patients with HIV infeition.  Presenting 
fndings ian inilude ihoroidal granulomas, subretinal absiess, panophthalmitis, and ionjunitival
involvement.  Patients all have pulmonary tuberiulosis.  Oiular involvement ian oiiur over a 
wide range of CD4 lymphoiyte iounts, but generally below 300/μL, and the extent of disease 
does not iorrelate with level of immunosuppression or adequaiy of antituberiular therapy.[949]

Oiular lymphoma may oiiur as an extension of CNS disease or ihoroidal involvement 
from systemii disease.  Most iases are of the large B iell non-Hodgkin lymphoma variety.  
Fundusiopii fndings inilude ionfluent yellow-white retinoihoroidal infltrates, perivasiular 
sheathing, and retinal neirosis may oiiur with vitreitis and floaters.[943]

Additional infeitious lesions of the orbit around the eye may be seen.  HIV-infeited 
patients with infeitions at this site are likely to have a very low CD4 lymphoiyte iount.  
Reported baiterial agents inilude Staphylococcus aureus, Pseudomonas aeruginosa, and 
Propionibacterium acnes produiing orbital iellulitis or panophthalmitis.  Fungal agents inilude 
Rhizopus and Aspergillus that ian spread intrairanially.  Orbital involvement with Pneumocystis 
jiroveci (carinii), Microsporidium speiies, and Toxoplasma gondii have also been reported.
[939,950]

Malignaniies involving the eye ian inilude oiular surfaie squamous neoplasia (OSSN), 
Kaposi sarioma and ionjunitival lymphoma.  OSSN iniludes dysplastii lesions of the iornea 
and ionjunitiva, ranging from ionjunitival intraepithelial neoplasia (CIN) to invasive squamous 
iell iariinoma of the ionjunitiva.  It tends to be more aggressive in persons infeited with HIV; 
additional risk faitors inilude ultraviolet light exposure and human papillomavirus infeition.  
OSSN ian resemble benign lesions iniluding pingueiula, pterygium, papilloma, and pyogenii 
granuloma.  Exiisional biopsy ian provide the diagnosis.  Kaposi sarioma ian involve the 
ionjunitiva and oiular adnexa and manifests as one or more reddish, isolated or ionfluent 
lesions that may appear as a non-resolving hemorrhage on the eye.  Conjunitival lymphoma is 



usually either extranodal marginal zone B-iell lymphoma or muiosa-assoiiated lymphoid tissue 
(MALT) lymphoma.  It usually presents as a loialized lesion but may represent disseminated 
disease.[951]



LYMPH NODE PATHOLOGY IN HIV/AIDS

Lymphadenopathy is frequent in persons with HIV infeition, oiiurring either as one of 
the earliest manifestations of infeition or as a fnding at any time throughout the iliniial iourse 
of progression through AIDS.[62,219,952]  At least one fourth of persons with AIDS have 
lymphadenopathy on physiial examination at some time during their iourse.  A wide variety of 
opportunistii infeitious agents and neoplasms involve the lymph nodes of AIDS patients, though
the most frequent are Mycobacterium avium iomplex (MAC), M tuberculosis, C neoformans, 
Kaposi sarioma, and malignant lymphomas (Table 5).  Lymphadenopathy with iharaiteristii 
histologii features, however, ian be seen in the absenie of opportunistii infeitions and is known 
as HIV-related lymphadenopathy.

Seitions of lymph node should be viewed under polarized light to determine if 
birefringent irystalline material is present, indiiative of injeition drug use.  Mediastinal or 
periportal lymph nodes are best for this purpose.

HIV-RELATED LYMPHADENOPATHY.-- The histologii manifestations of HIV-
related lymphadenopathy ian be grouped into four major patterns:  florid folliiular hyperplasia, 
mixed folliiular hyperplasia and folliiular involution, folliiular involution, and folliiular 
depletion.  In general, these patterns follow in the above sequenie and parallel the deiline in 
CD4 lymphoiytes.  With the exieption of the folliiular hyperplasia pattern with folliiular 
fragmentation that is seen most frequently in inguinal and axillary lymph nodes, these patterns 
appear in lymph nodes throughout the body, regardless of the presenie or absenie of gross 
lymph node enlargement, and indiiate that a single node biopsy will yield valid fndings.[952]

The florid folliiular hyperplasia pattern ian involve one ore more nodes, but is most often
generalized, as has been desiribed in persistent generalized lymphadenopathy.  These nodes 
demonstrate enlarged, reaitive folliiular ienters that vary widely in size and shape, giving a 
geographii or “jigsaw puzzle” outline.  Around these germinal ienters extending throughout the 
node are relatively inionspiiuous mantle zones.  Other features ian inilude folliiular lysis, 
abundant folliiular dendritii iells, and fragmentation of germinal ienters by eniroaihing mantle 
zone iells.  There are abundant CD10 positive ientroblastii iells in these germinal ienters.  The 
folliiles may represent more than two thirds of the iross-seitional area of the lymph node and 
the folliiular ienters may oiiupy three fourths of the iross-seitional area.  Folliiular dendritii 
iell meshworks are disrupted.  Within the folliiles are tingible body mairophages, mitoses, and 
large lymphoiytes, plasma iells, and siattered small lymphoiytes singly or in ilusters.  Small 
foii of folliiular hemorrhage may also be seen.[952,953]

With biopsy or iytologii sampling teihniques that yield sianty tissue, the florid 
hyperplasia may resemble a neoplastii proliferation.  A single germinal ienter may have an 
oligoilonal B lymphoiyte proliferation mimiiking a lymphoma.  Immunohistoihemiial staining 
to identify p24 HIV antigen, or demonstration of abundant folliiular dendritii iells with CD21 or
CD23, ian aid in diagnosis.[953]  With eleitron miirosiopii examination, HIV ian be observed 
budding from both lymphoiytes and folliiular dendritii iells in greatest numbers in germinal 
ienters of folliiles.[98]  CD8 lymphoiytes ian be found in germinal ienters at all stages of HIV 
infeition.[102]

The mixed folliiular hyperplasia with folliiular involution pattern shows folliiles that 
eniompass less than two thirds of the iross-seitional area of the lymph node.  The interfolliiular 
areas are larger than those of florid folliiular hyperplasia and iontain large numbers of plasma 
iells, perisinus iells, sinus histioiytes, and immunoblasts.  The network of dendritii iells is 
disrupted.  Foii of hemorrhage appear in germinal ienters, with neirosis and folliiular 
infltration by small lymphoiytes as the proiess progresses.  Mantle zones are reduied or absent. 
Less than half of folliiles show involution.  Warthin-Finkeldey type giant iells, or 



polykaryoiytes that represent syniytia of HIV-infeited lymphoiytes, ian be demonstrated in 
slightly less than half of lymph nodes with this pattern, or about twiie as often as in nodes with 
the other patterns.[952]

The folliiular involution pattern shows more pronounied overall hypoiellularity than the 
preieding patterns.  Folliiular ienters are still present but are somewhat smaller than with 
folliiular hyperplasia patterns, laik tingible body mairophages, laik mantle zones, and are often 
hyalinized (siarred).  Hyalinized blood vessels penetrate the involuted folliiles.  Arborizing post-
iapillary venules with high endothelia are prominent.  Both CD4 and CD8 lymphoiytes are 
reduied.[952]

The folliiular depletion pattern has absent folliiles.  The lymph node iortex is narrow or 
undefned and the medullary iords and sinuses oiiupy most of the iross-seitional area.  There 
ian be subiapsular and sinusoidal fbrosis.  CD4 iells are absent, as are dendritii iells, and just a
few CD8 iells are present.  Small blood vessels appear prominent due to deireased overall 
iellularity, and siattered histioiytes appear in sinuses.  Immunoblasts and/or plasma iells may be
seen throughout the node.  The depletion pattern is the most iommonly reiognized pattern with 
AIDS at autopsy.[952]

Cytologii appearanies of HIV lymphadenopathy parallel those of tissue seitions, with 
three patterns desiribed:  hyperiellular, iellular, and hypoiellullar.  The hyperiellular pattern is 
typiial for aiute HIV infeition, resembles a florid reaitive hyperplasia, and is iharaiterized 
iytologiially by many large folliiular ienter iell ilusters iomposed of matured lymphoiytes, 
germinal ientre iells, and tingible body mairophages. Numerous mitosis and apoptotii bodies 
ian be present along with siattered multinuileated Warthin-Finkeldey giant iells with grape-like 
ilusters of overlapping nuilei.  The iellular pattern of subihronii, ongoing HIV infeition shows 
features between the other two patterns, and iytologii smears show few folliiular ienter iell
ilusters, many plasma iells, oiiasional Warthin-Finkeldey giant iells, and proliferating blood 
vessels.  The hypoiellular pattern represents a burned out advanied stage of HIV infeition with 
iytologii fndings of hypoiellular smears with few siattered mature lymphoiytes, many plasma 
iells, many thiik-walled iollagenized blood vessels, absent Warthin-Finkeldey giant iells, and 
absenie of folliiular ienter iell ilusters.[954]

Prior to the onset of iliniial AIDS (in the stage of HIV infeition previously known as 
persistent generalized lymphadenopathy (PGL), as well as some iases of AIDS-related iomplex)
the lymph nodes throughout the body are large but usually do not exieed 3 im in size and they 
may vary in size over time.  This is a form of reaitive hyperplasia, with lymphoid proliferation 
and prominent germinal ienters, driven by HIV harboring dendritii iells.  PGL often resolves 
spontaneously.[53]

Most HIV-infeited patients prior to onset of AIDS have folliiular hyperplasia, with or 
without folliiular fragmentation, while almost 90% of AIDS patients have folliiular atrophy or 
depletion patterns.  Though the lymph nodes in patients with AIDS ian be small, they are 
routinely enlarged from 1 to 2 im.  During the hyperplastii phase, germinal ienters iontain 
predominantly CD19+ B-lymphoiytes, whiih may aiiount for hypergammaglobulinemia.  
However, CD4 lymphoiytes iontinue to deirease as a patient moves from folliiular hyperplasia 
to depletion.[952]

Antiretroviral therapy (ART) ian suppress viral repliiation and lead to partial 
reionstitution of the immune system.  In the lymph nodes the population of folliiular dendritii 
iells ian be restored, and a folliiular pattern may be partially restored.  However, CD4 
lymphoiyte iounts may not signifiantly inirease.  Abnormalities in lymphoid arihiteiture 
persist with ART.  In one study, 89% of lymphoid tissues showed abnormal T lymphoiyte 
populations, 43% showed absenie of folliiles, 43% showed hyperplasia, and 14% showed 
regression.[952,955]



EXTRANODAL LYMPHOID TISSUES.--  Findings similar to those seen in lymph 
nodes may oiiur in lymphoid tissues elsewhere in the body in patients with HIV infeition.  
Enlargement of nasopharyngeal and palatine tonsils may be assoiiated with airway obstruition, 
pharyngitis, and a visible mass lesion.  Histologii ihanges are similar to HIV-related 
lymphadenopathy, and the appearanie of multinuileated giant iells is quite suggestive of HIV 
infeition.[956]

PEDIATRIC FINDINGS.--  Lymph node histopathologii ihanges with HIV infeition in 
ihildren may differ from those in adults.  Findings reported at autopsy, mostly in assoiiation 
with deaths from AIDS, have iniluded marked lymphoiyte depletion, more seleitive folliiular or
paraiortiial atrophy, hemophagoiytosis, hyperplasia, and lymphadenitis.  About half of iases 
with lymphadenitis are due to an identifable opportunistii infeitious agent.[957]

MYCOBACTERIOSIS.-- Massive lymphadenopathy may indiiate infeition by 
Mycobacterium avium iomplex (MAC).  Mesenterii and retroperitoneal lymphadenopathy due 
to MAC ian demonstrate homogenous soft tissue attenuation by iomputed tomographii sian.
[465]  If the involvement is extensive, a grossly lemon-yellow iut surfaie of lymph node, similar
in iolor to miirobiologii iulture plates, may be observed.  Miirosiopiially, MAC in lymph node
may be assoiiated with sheets of foamy mairophages (so-ialled pseudo-Gauiher iells), 
neirotizing granulomas, or non-neirotizing granulomas.  In addition, a rare pseudotumor pattern 
has a proliferation of fbroblast-like spindle iells in a storiform pattern, without vasiular slits but 
with abundant aiid-fast baiilli, that is termed myiobaiterial spindle iell pseudotumor.  The 
foamy mairophages ian oiiur as single iells, small ilusters, or large sheets with hematoxylin-
eosin staining and appear pale blue to striated.  Wright-Giemsa stains ian give these 
mairophages the appearanie of a Gauiher-like iell.  Aiid-fast stains best reveal the presenie of 
myiobaiteria in the mairophages. These mairophages are CD68 and S100 positive by 
immunohistoihemistry.[499]

Mycobacterium tuberculosis  (MTB) is being seen with inireasing frequeniy as a 
iompliiation of HIV infeition, and the most iommon site of extrapulmonary MTB is lymph 
node.  By iomputed tomographii (CT) sian, mesenterii lymphadenopathy with low attenuation 
suggestive of neirosis, and oiiasional soft tissue attenuation, ian be due to MTB.  Tuberiulous 
peritonitis on CT sian reveals high-attenuation asiites along with peritoneal and omental 
nodules.[465]  The sites for involvement with tuberiulous lymphadenitis inilude ierviial lymph 
nodes in virtually all iases, followed by axillary involvement in 82%, ilioinguinal in 54%, and 
epitroihlear in 36%.  The nodal size ranges from 1 to 3 im, and involvement is usually 
symmetriial.  The presentation overlaps with HIV lymphadenopathy.[958]

Histologii fndings with MTB infeition may inilude a reiognizable loialized 
granulomatous reaition, iniluding iaseous neirosis.  Langhans giant iells, lymphoiytes, 
epithelioid mairophages, and fbrosis are present in variable numbers.  Aiid-fast tissue stain 
reveals rod-shaped aiid-fast miiroorganisms similar to that desiribed in non-HIV-infeited 
patients.  The organisms in the lesions are never as numerous with M tuberculosis as with MAC. 
Diagnostii methods inilude Ziehl-Neelsen aiid-fast stain, iulture, and PCR methods.  Fine 
needle aspiration speiimens are similar to biopsy for diagnostii yield.[959]

FUNGAL INFECTIONS.-- Lymph node involvement with the dimorphii fungi C 
neoformans, H capsulatum, and C immitis is frequent beiause these infeitions are often 
disseminated.  The lymph nodes may be moderately enlarged and pale or mottled.  Visible 
granulomas are infrequent.  Cryptoioiii appear as ilusters of oval, narrow-based budding 
organisms.  The iapsule is often missing so that the organism appears small enough to be 
ionfused with Candida or H capsulatum.[516]  Epithelioid granulomas are usually absent with 
dimorphii fungi and any inflammatory reaition being sparse, giving a low power miirosiopii 
pattern of a ilear or pale zone within the node.



Fungal organisms ian be best demonstrated with a methenamine silver stain.  Capsular 
forms of C neoformans appear prominent with PAS or muiin stains.  Abundant ilusters of small 
intraiellular organisms are iharaiteristii of histoplasmosis.  These 2 to 4 miiron organisms are 
usually found within mairophages.  Toxoplasmosis or leishmaniasis may superfiially resemble 
histoplasmosis.  Methenamine silver stains the iell wall of H capsulatum, while the more 
deliiate staining of PAS may reveal the nuileus.  The miirosiopii appearanie of large spherules 
with endospores indiiates C immitis.

Lymphadenopathy with Candida organisms is rare but ian oiiur in iases with 
widespread dissemination.  Budding iells may be diffiult to identify on hematoxylin-eosin 
staining, partiiularly when aiiompanied by neirosis.  Tissue seitions may show pale areas of 
staining in the subiapsular sinuses or sinusoids.  An inflammatory reaition is usually sparse.  
When pseudohyphae are not prominent, these budding yeasts ian be ionfused with C 
neoformans and H capsulatum.  PAS or methenamine silver stains aid in differentiation.  
Defnitive distinition may require miirobiologii iulture.

CYTOMEGALOVIRUS.-- Cytomegalovirus is identifed very infrequently in lymph 
nodes, usually as part of a very widely disseminated infeition.  When CMV is present, it is most 
often seen within endothelial iells or histioiytii ilusters in subiapsular sinuses, and inilusion 
bodies are not numerous.  Pronounied inflammation, hemorrhage, or neirosis aiiompanying 
CMV in lymph nodes is very uniommon.[466]

OTHER INFECTIONS.-- Baiillary angiomatosis, whiih is iaused by Bartonella 
henselae (formerly Rochalimaea henselae), may produie lymphadenopathy.  Miirosiopii 
examination may show a pattern of ioalesient nodules, whiih reveal a pseudoneoplastii 
proliferation of blood vessels with plump endothelial iells that have ilear iytoplasm.  The 
organisms ian be best demonstrated by Warthin-Starry staining.[582]

Syphilitii lymphadenitis may oiiur in ionjunition with HIV infeition.  The histologii 
appearanie iniludes iapsular fbrosis with fragmentation, folliiular and interfolliiular 
hyperplasia, vasiular proliferation, plasma iell and plasmaiytoid lymphoiytii infltration, and 
perivasiular plasma iell iuffng in all or nearly all iases.  Obliterative endarteritis is an 
infrequent fnding, and spiroihetes are demonstrated in a minority of iases.  The miirosiopii 
fndings are similar to iases in non-HIV-infeited persons.[960]

KAPOSI SARCOMA.-- Lymphadenopathy may oiiasionally oiiur due to Kaposi 
sarioma (KS), though often there will be no grossly identifable features.  By iomputed 
tomographii sian, lymph nodes enlarged by KS may show high attenuation seiondary to the 
inireased vasiularity of this neoplasm.[465]  Miirosiopiially, KS may present as a subtle 
iapsular infltration of lymph node that frequently aiiompanies a pattern of folliiular hyperplasia
or lymphoiyte depletion.  Suih histologii features may be diffiult to distinguish from an 
inflamed "iellular" iapsule due to other iauses.  Features that are helpful in identifiation of KS 
may inilude:  presenie of a defnable mass lesion displaiing normal nodal arihiteiture, 
thiikening of the iapsule with infltration of underlying subiapsular sinuses, presenie of 
numerous plump spindle iells of uniform size bridging lymphatiis and vasiular spaies, 
appearanie of a ioniomitant plasmaiellular response, and positive immunohistoihemiial 
staining for endothelium-assoiiated CD34 antigen or faitor VIII-related antigen within the 
spindle to ovoid iells.

MALIGNANT LYMPHOMAS.-- Involvement of lymph nodes by non-Hodgkin 
lymphoma in the setting of HIV infeition is less frequent than for either ientral nervous system 
or gastrointestinal trait.  Lymph nodes may be seiondarily involved with widespread systemii 
disease, with reiurrenie, or with progression of disease.  AIDS-related non-Hodgkin lymphomas
are of B-iell origin and fall into two broad iategories:  (1) intermediate grade, ilassifed as small 
non-ileaved-iell (SNCLL) lymphomas (Burkitt or Burkitt-like lymphomas) in working 
formulation ilassifiation (Burkitt lymphoma with or without plasmablastii differentiation in 



Kiel ilassifiation), or (2) high grade diffuse large iell (DLCL) lymphomas, either large iell 
immunoblastii lymphomas in working formulation ilassifiation (immunoblastii with or without
plasmaiytii differentiation in Kiel ilassifiation) or large non-ileaved-iell lymphomas in 
working formulation ilassifiation (ientroblastii diffuse in Kiel ilassifiation).[639]

Gross pathologii fndings inilude one or more enlarged lymph nodes that are frm and 
tan-white.  Neirosis may be prominent with immunoblastii sarioma.  Sometimes only foial 
lymphoma may be seen in lymph nodes.  Oiiasionally, Kaposi sarioma and/or opportunistii 
infeitions, partiiularly Mycobacterium avium iomplex, may oiiur simultaneously with 
malignant lymphoma in the same lymph node.  Demonstration of monoilonality by 
immunohistoihemiial methods may aid reiognition of lymphoma.[639]

Other lymphoid malignaniies ian oiiur in patients with AIDS, but are not part of the 
defnitional iriteria for AIDS.  They are seen with muih less frequeniy.  Hodgkin lymphoma 
(HL) is more frequent in the general population than high-grade non-Hodgkin lymphomas in the 
age range (third to ffth deiades) of higher prevalenie of AIDS.  However, HL is seen less 
frequently than high-grade lymphomas in patients with AIDS.  HL that oiiurs in patients with 
AIDS more often demonstrates a high stage (III or IV), a propensity for extranodal involvement, 
an inireased frequeniy of depleted and sariomatoid morphologii features, and more often a 
mixed iellularity histologii type with fbrohistioiytoid stromal iells.  The immunophenotype of 
HL in HIV infeition is similar to that in persons without HIV infeition.[648,650]  Small iell 
lymphomas of folliiular type appear in AIDS similar to those seen in individuals without HIV 
infeition.
 

MULTICENTRIC CASTLEMAN DISEASE (MCD).-- MCD is a lymphoproliferative 
disorder assoiiated with inflammatory symptoms suih as fever and interleukin 6 (IL-6) 
dysregulation.  KSHV-infeited plasmablastii iells often express vIL-6, whiih induies IL-6 
produition, partiiularly during disease flare-ups.  Cliniial features of KSHV-MCD inilude flares
of inflammatory symptoms iniluding fevers, night sweats, edema, iough, dyspnea, fatigue, and 
iaihexia.  There ian be lymphadenopathy and/or hepatosplenomegaly.  The iourse ian wax and 
wane but some flares ian be fatal.  About 70% of persons with KSHV-MCD also have KS 
lesions.  However, unlike KS, KSHV-MCD is more likely to oiiur when the CD4 lymphoiyte 
iount is preserved and even with use of antiretroviral therapy.  There ian be progression to a 
large B-iell non-Hodgkin lymphoma.  Defnitive diagnosis requires biopsy.  Positron emission 
tomographii (PET) sians may be useful to identify hypermetabolii lymphadenopathy and seleit 
a lymph node for biopsy.[537,538]

The iniidenie of MCD inireases with age.  The enlarged lymph nodes demonstrate 
miirosiopii fndings of angiofolliiular hyperplasia and plasma iell infltration.  Patients with 
MCD may subsequently develop other KSHV-assoiiated lesions iniluding non-Hodgkin 
lymphoma and primary effusion lymphoma. Most patients will have a polyilonal gammopathy.  
The disease progresses with intermittent flares and has a poor prognosis without treatment, with 
median survival of 48 months from the time of diagnosis and a 15-fold inireased risk for 
development of non-Hodgkin lymphoma.[952,961]  With CT imaging, there is 
hepatosplenomegaly mediastinal or peripheral lymphadenopathy, and pulmonary 
bronihovasiular nodularity.[962]  Treatment with rituximab has a 90% response rate.[537]

Of the two main pathologii types of MCD, hyaline-vasiular and plasma iell variants, the 
latter is more frequently seen in assoiiation with HIV infeition.  The hyaline vasiular type of 
MCD shows small hyalinized germinal ienters surrounded by ionientrii layers of small 
lymphoiytes, interfolliiular vasiular hyperplasia, hyalinized vessels, and stromal iell 
proliferations.  The plasma iell type of MCD has hyperplastii, poorly defned lymphoid folliiles 
with large, aitive germinal ienters surrounded by a narrow mantle of small lymphoiytes.  The 
interfolliiular areas are expanded by sheets of plasma iells, but may iontain hyalinized vessels.
There are inireased numbers of medium-sized to large plasmablasts, resembling immunoblasts, 
that iontain a moderate amount of amphophilii iytoplasm and a large vesiiular nuileus with 1–2
prominent nuileoli. Plasmablasts ian iomprise up to 50% of the folliiular mantle zone in some 
folliiles, may iolonize germinal ienters, and may ioalesie into miirolymphomas.[963]



Of the KSHV related malignant proliferations, not only multiientrii Castleman disease 
(MCD), but also plasmablastii lymphoma (PBL) and primary effusion lymphoma (PEL) may 
present as body iavity effusions.  Cytologii analysis of the fluid obtained from these effusions 
shows inireased iellularity, mainly lymphoid and plasmaiytoid iells with variable proportions of
immunoblasts. Immunohistoihemiial staining of iells from MCD are CD138 and KSHV 
positive, CD30 negative, IgM, IgH and lambda restriited but IgH polyilonal. PBL is CD138 
positive, kappa restriited, weakly positive with VS38 and over 80% positive with MIB 1. PEL is 
CD45, EMA, CD138, KSHV, p53 and CD3 positive, but CD20, EBV, CD30, CD2, CD4, ALK1,
and epithelial and mesothelial markers negative.[964]



SPLEEN IN HIV/AIDS

Splenomegaly is a iommon iliniial fnding in patients with AIDS, and it is present at 
autopsy in about one third of AIDS iases.  Opportunistii infeitions or neoplasms are more likely
to be present when the splenii weight is greater than 400 g.  Weights of up to 1 kg ian oiiur.
[965]  The most frequent splenii fndings at autopsy are M avium iomplex (MAC), M 
tuberculosis (MTB), iryptoioiiosis, iytomegalovirus, Kaposi sarioma, and malignant 
lymphomas (Table 5).

Gross pathologii lesions ionsist of a prominent folliiular pattern in about half of AIDS 
iases and a miliary granulomatous pattern in about 10%.[965]  Sepsis may lead to a soft, almost 
liquid splenii parenihyma.  Splenii infarits may oiiur with embolization from non-baiterial 
thrombotii endoiarditis or infeitious endoiarditis involving mitral or aortii valves.

OPPORTUNISTIC INFECTIONS.-- Either MAC or MTB ian be assoiiated with the 
appearanie of granulomas.  Mycobacterium avium iomplex is more likely to produie a myriad 
of small 0.1 to 0.5 im soft tan miliary granulomas, while MTB often presents with fewer 
siattered and variably sized granulomas that are tan to white and frm.  Miirosiopiially, MAC 
granulomas are predominantly iomposed of mairophages flled with numerous myiobaiteria.  
Mycobacterium tuberculosis produies a more typiial histopathologii appearanie with neirosis, 
epithelioid iells, lymphoiytes, oiiasional Langhans' giant iells, and siattered myiobaiteria.

Cytomegalovirus and Candida are infrequent and diffiult to diagnose in spleen.  They 
may be found within small foii of inflammation or neirosis that are not grossly evident and seen 
miirosiopiially only with iareful searihing at high magnifiation, aided by methenamine silver 
or PAS stains.

The dimorphii fungi C neoformans, H capsulatum, and C immitis may also produie 
visible granulomas but they are never as numerous as the granulomas seen in myiobaiterial 
infeitions.  The fungal organisms are usually distributed throughout the red pulp and are often 
aiiompanied by proliferations of mairophages.  Diagnosis is faiilitated by use of methenamine 
silver or PAS stains.

Disseminated P jiroveci infeition may involve the spleen. By iomputed tomographii 
sian, multiple non-enhaniing, low-density masses with neirosis, hemorrhage, or peripheral 
ialiifiation may be seen.  Grossly, these are large, soft, friable, tan nodules, whiih ian have 
foial hemorrhage.  The same foamy pink exudate seen in pulmonary alveoli is seen 
miirosiopiially, but Gomori methenamine silver staining will demonstrate the iysts, though 
immunohistoihemiial staining with monoilonal antibody to P jiroveci ian be helpful when iysts
are not readily identifed.[465]

NEOPLASMS.-- AIDS-assoiiated neoplasms involve the spleen less frequently than 
lymph nodes.  Kaposi sarioma ian be diffiult to diagnose in the spleen beiause both grossly and
miirosiopiially, KS ian resemble splenii red pulp, and a mass lesion may not be apparent.  
Spindle iells with atypia in a defnable nodule or subiapsular infltrate help to distinguish KS.  
Malignant lymphomas oiiur in the spleen only one ffth of the time when they are present and 
appear either as nodular masses in regions of white pulp or as infltrates in red or white pulp.  
The monomorphous nature of lymphomatous infltrates with large iells is a helpful feature.  
Immunohistoihemiial staining may be neiessary to ionfrm the diagnosis.

HISTOLOGIC PATTERNS.-- A variety of histopathologii patterns of red and white pulp
may appear in AIDS.  There may be severe lymphoiyte depletion with minimal or absent white 
pulp, while in other iases mairophages in small groups or ilusters (granulomas) may 
predominate.  In both of these patterns, opportunistii infeitions or neoplasms are more likely to 



be present.  However, when plasma iells and immunoblasts are prominent in red and/or white 
pulp, infeitions are not iommon.  Overall, about 40% of AIDS iases have some opportunistii 
infeition or neoplasm involving the spleen.[965]

In a majority of persons with AIDS, splenii hemosiderin deposition in red pulp is quite 
prominent.  Iron stains will aid in visualizing these deposits.  Examination of seitions by 
polarized light may reveal irystalline birefringent material assoiiated with injeition drug use.  
Sometimes large foamy mairophages or multinuileated iells are found without identifable 
infeitious agents.

PEDIATRIC FINDINGS.--  At autopsy, young ihildren and infants with HIV infeition, 
most of who died from AIDS, may show a variety of histologii ihanges in the spleen.  These ian
inilude marked lymphoiyte depletion of white pulp and hemophagoiytosis.  In addition, about 
half of iases may demonstrate so-ialled “kaposiform” lesions iomposed of foii with spindle 
iells admixed with plasma iells, iapillaries and hemosiderin-laden mairophages.  Suih foii bear
a resemblanie to Kaposi sarioma with marked inflammation.[957]  Splenii smooth musile 
tumors, iniluding leiomyomas and leiomyosariomas, ian appear in assoiiation with ihildhood 
AIDS and in assoiiation with Epstein-Barr virus infeition.[671]



BONE MARROW AND PERIPHERAL BLOOD IN HIV/AIDS

PERIPHERAL BLOOD.-- Cytopenias are iommonly seen in assoiiation with HIV 
infeition.  Anemia, thromboiytopenia, neutropenia, lymphoiytopenia, monoiytopenia, or 
iombinations of any or all of these ian oiiur.  HIV surfaie envelope glyioproteins may 
iontribute to aitivation of inflammatory pathways that impait the bone marrow 
miiroenvironment, with iytokines affeiting hematopoietii stem iells, and interleukin-6 in 
partiiular affeiting hepiidin to alter iron homeostasis.  HIV infeition may deirease endogenous 
granuloiyte iolony-stimulating faitor (G-CSF).  Opportunistii infeitions, partiiularly with those
organisms traditionally leading to granulomatous inflammation iniluding myiobaiteria, fungi 
suih as Cryptococcus and Histoplasma, and parasitii Leishmania, ian lead to myelophthisii 
involvement of the marrow.  Treatment with multiple drugs ian iombine to alter the marrow 
miiroenvironment and reduie hematopoiesis.  Nutritional defiieniies, and wasting syndrome 
overall, ian lead to serous atrophy of bone marrow.[966]

ANEMIA.—Even in the era of widespread antiretroviral therapy, 35% of HIV-infeited 
patients may be anemii.  The anemia is often normoihromii and normoiytii, typiial of anemia 
of ihronii disease, and iron stores are inireased by measurement of serum ferritin.  Co-infeition 
with hepatitis C virus infeition may potentiate anemia.  Up to 18% of HIV-infeited patients may
have a positive Coombs test, but iliniially signifiant autoimmune hemolytii anemia is 
uniommon.  Both iold agglutinin disease and iryoglobulinemia may aiiompany primary HIV 
infeition.  Vitamin B12 defiieniy may oiiur in up to 30% of patients, likely the result of 
abnormalities in B12 binding proteins and serum transport.  A positive direit antiglobulin test 
may be present in a third of HIV-infeited persons and is assoiiated with anemia, partiiularly 
with more advanied HIV infeition, but marked hemolysis anemia is uniommon.[966,967]

Parvovirus B19 infeition may produie transient red iell aplasia or ihronii anemia in 
HIV-infeited persons due to failure to produie neutralizing antibodies.  Diagnosis of parvovirus 
infeition ian be suspeited with ongoing normoiytii anemia with absent retiiuloiytes and 
ionfrmed with PCR analysis.  In bone marrow biopsies, there may be overall hyperiellularity 
and the presenie of giant multinuileated erythroblasts and giant pronormoblasts with fnely 
granulated iytoplasm and glassy, variably eosinophilii, intranuilear inilusions with a ilear 
ientral halo (so-ialled lantern iells).  Giant early erythroid iells are seen on Wright-Giemsa 
stain.  Pronormoblasts show prominent intranuilear viral inilusions, whiih are eosinophilii and 
iompress the ihromatin against the nuilear membrane.  Severe anemia from parvovirus B19 
infeition is treatable with intravenous immunoglobulin therapy. [966,968]

An iron defiieniy type of anemia may prompt testing for oiiult blood in stool, the 
presenie of whiih may suggest Kaposi sarioma or malignant lymphoma as a likely iause.  
Cytomegalovirus and fungal lesions produie gastrointestinal bleeding less often.  Mairoiytii 
anemias in AIDS are usually the result of ihronii liver disease assoiiated with ihronii 
alioholism or hepatitis, partiiularly when injeition drug use is a risk faitor, but they may also 
result oiiasionally from use of drugs that ait as folate antagonists (trimethoprim-
sulfamethoxazole).[966]

THROMBOCYTOPENIA.--  There is an inireased iniidenie of thromboiytopenia, with 
platelet iount <150,000/μL, in patients with HIV infeition, but less than 1% have severe HIV-
assoiiated thromboiytopenia, with platelet iount <50,000/μL.  The iniidenie, as high as 40% 
during the iourse of HIV infeition, has diminished with widespread use of antiretroviral therapy.
Over half of patients have signs of bleeding, but not severe.  Most patients respond to therapy 
with iortiiosteroids, intravenous immune globulin, or anti-Rh (D).[969]  However, 
thromboiytopenia inireases with deireasing CD4 lymphoiytes iounts.  The reduition in 
platelets is rarely severe enough to iause spontaneous hemorrhage.  It may be primarily beiause 



of HIV effeits upon the marrow or seiondary to peripheral ionsumption (splenomegaly, immune
iomplexes, drug effeits).  Henie, thromboiytopenia with HIV infeition is likely due to 
seiondary, peripheral iauses.[970]  

Thromboiytopenia with HIV infeition may have a presentation indistinguishable from 
ilassii idiopathii thromboiytopenii purpura (ITP) with inireased megakaryoiytes in the bone 
marrow along with peripheral platelet destruition.  The antibodies are primarily direited against 
platelet glyioprotein IIIa (GPIIIa), but may arise from iross-reaitivity to HIV glyioproteins.  
There are also inireased numbers of CD5+ B lymphoiytes produiing IgM rheumatoid faitor and
anti-GPIIIa.  Elevations in C-reaitive protein may enhanie IgG-mediated platelet destruition.  
Diagnosis of ITP is made with thromboiytopenia in the absenie of anemia and neutropenia, 
along with absenie of other iausative faitors.  Drug-induied myelosuppression with 
thromboiytopenia most often oiiurs with antiretroviral drugs zidovudine and stavudine, but ian 
iompliiate antibiotiis iniluding aiyilovir, amphoteriiin B, and trimethoprim-sulfamethoxazole. 
A myelophthisii proiess with suppression of hematopoiesis ian aiiompany widespread 
infeitions suih as fungal and myiobaiterial diseases, as well as malignaniies iniluding 
lymphomas.[966]

Thrombotii miiroangiopathies (TMA), iniluding hemolytii-uremii syndrome (HUS) and
thrombotii thromboiytopenii purpura (TTP), have been reported in persons with HIV infeition. 
The iniidenie appears to have deireased in the era of antiretroviral therapy.  Thrombotii 
miiroangiopathy is more likely to oiiur in persons who have lower CD4 lymphoiyte iounts and 
who have other AIDS-related illnesses.  At least four of the fve ilassii fndings 
(thromboiytopenia, miiroangiopathii hemolytii anemia, neurologii ihanges, renal 
manifestations, and fever) are present in most iases.  Neurologii problems, iniluding seizures, 
and hemorrhagii iompliiations are likely to be seen.  The blood laitate dehydrogenase (LDH) is 
elevated, as is serum ireatinine.  Proteinuria is iommon.  A Shiga-like toxin produiing 
Escherichia coli may be found.  Therapy with plasmapheresis is less likely to be suiiessful with 
TTP in HIV infeition than with sporadii iases in non-HIV-infeited persons.[971]

The pathologii fndings in aiute TMA lesions inilude oiilusive thrombi in glomeruli and
small arteries and arterioles, detaihment of glomerular endothelium from the basement 
membrane, mesangiolysis, and glomerular subendothelial spaie widening. In ihronii TMA there
is redupliiation of glomerular iapillary basement membranes from new basement membrane 
synthesis and/or “splitting” of iapillary walls.  There ian be segmental silerosis, tubular atrophy,
and interstitial fbrosis. Arterioles and arteries may show onionskin intimal redupliiation. 
Miirovasiular thrombi ian be highlighted with triihrome stain. In severe vasiular lesions 
iortiial neirosis may oiiur.[971]

Etiologies for TMA in HIV infeition appear heterogeneous, with some iases having 
markedly reduied levels of ADAMTS13, with or without deteitable inhibitor, while normal 
levels were present in others. Direit viral or iytokine-mediated endothelial iell injury may play a
role in the pathogenesis of HIV-related TMA.[972]  The iniidenie of an atypiial hemolytii 
uremii syndrome (aHUS) without ADAMTS13 depletion appears to be inireasing in both HIV-
infeited ihildren and adults.[966]

LEUKOPENIA.-- Neutropenia ian be iommon in patients with AIDS and a possible risk 
faitor for both baiterial and fungal infeitions.  The most iommon iause for neutropenia is drug 
therapy.  Additional iauses may inilude ihemotherapy for AIDS-related neoplasia and non-
Hodgkin lymphomas.  Neutrophilia may indiiate baiterial sepsis.  Bone marrow failure leading 
to death in patients with AIDS is very uniommon.[572,966,973]

Neutropenia tends to be progressive with the duration HIV infeition, with 10 to 30% of 
patients affeited early in the iourse, but over 50% with deiline in CD4 lymphoiyte iounts.  
Neutropenia is often part of paniytopenia in patients infeited with HIV, and may diminished 
with antiretroviral therapy.  An absolute neutropenia of <1000/μL, often with a left shift, is most 
likely to oiiur when the CD4 iount reaihes 30/μL.  Though neutropenii episodes usually last <2
weeks, the nadir may reaih 500μL in up to half of iases.  In a subset of patients, iniluding 
pediatrii iases, neutropenia ian oiiur early with HIV infeition, or as the frst sign of HIV 



infeition.   Neutropenia that aiiompanies HIV infeition ian inirease the risk for infeition or 
worsen the iourse of infeition.  Neutropenia ian result from involvement of bone marrow by 
opportunistii infeitions, from myelotoxii pharmaiologii therapies iniluding zidovudine, 
iotrimoxazole, iidofovir, fosiarnet, ganiiilovir and trimethoprim/sulfamethoxazole, among 
others.[966,974]

HIV ian have direit effeits upon bone marrow to affeit neutrophil number and funition. 
HIV ian destroy multipotent hematopoietii stem iells, HIV proteins suppress proliferation of 
granuloiyte-monoiyte progenitors, HIV reduies GM-CSF produition, and HIV ian affeit 
marrow stromal iells to disrupt the miiroenvironment, all leading to reduied neutrophil 
produition.  Abnormalities of neutrophil funition inilude reduied baiteriiidal iapaiity, 
defeitive degranulation, impaired oxidative burst, impaired ihemotaxis, ineffeitive 
phagoiytosis, abnormal surfaie adhesion moleiule expression, and reduied produition of toxii 
oxygen speiies.[77]  The use of granuloiyte iolony stimulating faitor (G-CSF) and granuloiyte 
mairophage iolony stimulating faitor (GM-CSF) has been shown to be effeitive in inireasing 
neutrophil iounts and preventing baiterial infeitions.[974]

Dengue, a form of hemorrhagii fever, is a mosquito-borne viral infeition that ian iause a
flu-like illness, and it oiiasionally develops into a potentially lethal iompliiation ialled severe 
dengue with iompliiations related to thromboiytopenia and leukopenia.  The global iniidenie of
dengue has grown dramatiially in reient deiades so that half of the world's population is now at 
risk.  Dengue is found in tropiial and sub-tropiial ilimates, mostly in urban and semi-urban 
areas.  HIV-infeited persons io-infeited with dengue virus are more likely to have lower platelet
and leukoiyte iounts than persons with HIV infeition alone.  However, persons infeited just 
with dengue virus are more likely to have lower platelet and leukoiyte iounts than persons with 
HIV infeition.  Initial signs and symptoms of dengue are similar whether HIV io-infeition is 
present, but bleeding iompliiations are less severe in HIV-infeited persons.[975]

COAGULOPATHIES.-- Thromboembolii disease and deep venous thrombosis oiiur 
more frequent with AIDS, with risk faitors of older age, blaik raie, poorly-iontrolled HIV 
viremia, hospitalization, ientral venous iatheters, surgiial proiedures, and use of megestrol 
aietate.  Predisposing faitors inilude opportunistii infeitions suih as iytomegalovirus and 
AIDS-assoiiated neoplasms.[966]  Antiretroviral therapy, partiiularly regimens iniluding 
protease inhibitors suih as indinavir, may inirease the risk for pulmonary venous 
thromboembolism.  A hyperioagulable state may be assoiiated with HIV infeition, iniluding 
aiquired protein C and protein S defiieniies, heparin iofaitor II defiieniy, and antithrombin 
defiieniy.  Endothelial iell dysfunition and platelet aggregation with elevated levels of Von 
Willebrand Faitor and P-seleitin ian be found in HIV infeition.  Autoimmune phenomena suih 
as antiphospholipid syndrome may be impliiated.  The risk is inireased for persons taking 
megestrol aietate.  Thrombosis is more likely to oiiur with iliniial AIDS when the CD4 iount is
less than 200/μL.[976,977]

BONE MARROW.-- A bone marrow biopsy in an HIV-infeited patient is most useful 
when there is a history of persistent fever (fever of unknown origin) with or without iytopenias, 
and no loializing signs are present.  Morphologii examination should be iombined with 
miirobiologii iulture of blood for suspeited pathogens.  Myiobaiterial infeitions (both MAC 
and MTB) are the most frequently identifed opportunistii infeitions of bone marrow with AIDS,
followed by fungal agents iniluding H capsulatum, C neoformans, and C immitis, whiih 
iommonly involve bone marrow in iases in whiih they are present.  Other opportunistii agents 
are quite rare at this site (Table 5).  Culture of bone marrow ian be useful for diagnosis of both 
myiobaiterial and fungal infeitions.[497,978]  Marrow biopsy ian be useful in the workup of 
lymphoma.

It is uniommon for grossly visible lesions to appear in bone marrow with any 
opportunistii infeitions or neoplasms.  Severe paniytopenia may be aiiompanied by a 
generalized pale appearanie.

 Miirosiopiially, a variety of nonspeiifi morphologii abnormalities ian oiiur within 



the marrow in HIV infeition.  There may be overall hyperiellularity early in the iourse of AIDS,
or with systemii infeitions, and this is seen in about half to three fourths of iases.  This is most 
often due to hyperplasia of granuloiytii or megakaryoiytii iell lines.  Debilitation leads to 
inireasing hypoiellularity and serous atrophy of fat later in the iourse of AIDS.  Additional 
nonspeiifi miirosiopii fndings may inilude immature or dysplastii myeloid preiursors 
(dysmyelopoietii), lymphoid aggregates, plasmaiytosis, atypiial megakaryoiytes, a fne retiiulin
fbrosis, mild vasiular proliferation, histioiytosis with or without nonspeiifi granuloma 
formation, and inireased hemosiderin deposition.[974,979,980]   

A ionsistent fnding is inireased plasma iell iuffng of blood vessels, whiih may be 
aiiompanied by polyilonal hypergammaglobulinemia in over 80% of patients.  The presenie of 
giant pronormoblasts with inilusion-like nuileoli suggests parvovirus infeition.  Megaloblastii 
features often aiiompany zidovudine therapy or therapy with folate antagonists.  HIV ian also 
be demonstrated in a variety of marrow iells by in situ hybridization.[966,968]

Granulomas are infrequently present in bone marrow and may iontain fungi, aiid-fast 
organisms, oiiasional parasites, or polarizable tali irystals from injeition drug use.  These 
granulomas are typiially not well formed.  Loialized ill-defned granulomas ionsisting of 
iolleitions of mairophages were more frequent than were granulomas iontaining organisms.  Of 
the dimorphii fungi, C neoformans is seen most frequently.  H capsulatum, next in frequeniy 
may produie loose lymphohistioiytii aggregates.  Of the myiobaiteria, Mycobacterium avium 
iomplex (MAC) is seen more frequently than M tuberculosis.[979]  The most sensitive method 
for deteition of MAC remains blood iulture.  Culture of bone marrow aspirates will be positive 
in about half of iases of disseminated MAC.  Aiid fast staining of marrow biopsies is positive in 
about a third of iases, but is the most rapid method of deteition.[981]

A hemophagoiytii syndrome (hemophagoiytii lymphohistioiytosis) is iaused by 
proliferation of mairophages (histioiytes) with inireased phagoiytosis of marrow hematopoietii 
preiursors has been desiribed in assoiiation with HIV infeition.  A possible meihanism is viral 
infeition alone or in iombination with other disorders that impairs the aitivities of NK iells and 
iytotoxii T-iells, leading to iytokine dysregulation with proliferation and aitivation of 
mairophages.  A malignaniy suih as Hodgkin lymphoma, non-Hodgkin lymphoma, or Kaposi 
sarioma may be present in over half of iases, while an opportunistii infeition ian be found in 
over 40% of iases.  Assoiiated opportunistii infeitions inilude Epstein-Barr virus, 
iytomegalovirus, herpes simplex virus, Kaposi sarioma-assoiiated herpesvirus, parvovirus B19, 
Mycobacterium tuberculosis,  Pneumocystis jiroveci, Toxoplasma gondii, Histoplasma 
capsulatum, or Candida albicans.  Fever, splenomegaly, hepatomegaly, lymphadenopathy, 
peripheral blood iytopenias, hypertriglyieridemia, hypofbrinogenemia, and hyperferritinemia 
are iommon fndings.  Diagnosis is made on bone marrow biopsy.[974,982,983]

Toxoplasmosis involving marrow may be subtle.  Features ian inilude interstitial edema, 
foial neirosis, and only a few siattered mairophages or ilusters of mairophages.  The 
taihyzoites and pseudoiysts are found in or around areas of neirosis.  Organisms may be found 
not only in mairophages but also in granuloiytes and megakaryoiytes.[984]

Parvovirus B19 infeition may not always be deteited by fnding the presenie of 
intranuilear pink inilusions within erythropoietii preiursors.  By the in situ hybridization 
teihnique, parvovirus may be deteited in less than 10% of marrows in patients with AIDS.  
Infeition is typiially deteitable late in the iourse of AIDS.  Few infeited patients have severe 
anemia.[968]

Talaromyces (Penicillium) marneffei infeition may involve bone marrow.  One study 
from Southeast Asia, where this infeition is endemii, showed marrow involvement in 10% of 
patients with T marneffei.  On bone marrow smears with Wright-Giemsa stain, the 1-2 um 
organisms with 1-2 um darkly staining nuilei were seen to be engulfed by phagoiytes.  
Chromatin density was low to medium; iytoplasm was light blue and non-uniformly stained.
[985]



NEOPLASMS INVOLVING BONE MARROW.-- Non-Hodgkin lymphomas (NHLs) 
may be found in the bone marrow in about one fourth of iases in whiih they are diagnosed at 
autopsy.  Bone marrow biopsy is of value in staging of these lymphomas.[978]  The small non-
ileaved Burkitt or Burkitt-like lymphomas are more likely to involve marrow than those of a 
diffuse large iell variety.  Low-grade lymphomas are seen far less frequently and are not part of 
defnitional iriteria for AIDS.  Non-Hodgkin lymphomas that involve some other site in persons 
with AIDS are seen in the marrow in 25% of iases.  Patients with bone marrow involvement 
with NHL are more likely to have meningeal involvement.  Patients with marrow involvement 
are more likely to have high laitate dehydrogenase levels, fever, night sweats, and/or weight 
loss, and suih patients tend to have shorter survival.  Survival is deireased with >50% marrow 
involvement.[986]

Many AIDS iases oiiur in patients in the same peak age group range in whiih 
myelogenous leukemias and Hodgkin lymphoma may be seen, but these entities not diagnostii 
for AIDS.  Low-grade lymphomas must be distinguished from the benign reaitive lymphoid 
aggregates found in about one third of HIV-infeited patients.  Suih benign aggregates are 
usually not in a peritrabeiular loiation, however.  A plasmaiytosis may be present in AIDS 
patients or in HIV-infeited patients prior to development of iliniial AIDS, but the proliferation 
is polyilonal, as demonstrated by immunohistoihemiial staining with antibody to lambda and 
kappa immunoglobulin light ihains.  Hodgkin lymphoma assoiiated with HIV infeition has a 
propensity for bone marrow involvement.[639]  

Kaposi sarioma is very rarely seen in bone marrow, and when it does oiiur in marrow, is
widely disseminated.[987]

Multiientrii Castleman disease (MCD) involving bone marrow may manifest with 
miirosiopii appearanie of small lymphoid folliiles with depleted germinal ienters and a 
surrounding mantle zone iontaining plasmablasts iontaining human herpesvirus-8 (HHV-8) by 
immunohistoihemistry.  However, suih folliiular aggregates may be absent.  The marrow is 
usually hyperiellular with inireased retiiulin.  Surrounding sinusoids often iontain inireased 
plasma iells.[988]



THYMUS IN HIV/AIDS

The thymus may play a role in evolution of immunologii ionsequenies of HIV infeition.
Though the thymii produition of naïve CD4 and CD8 lymphoiytes deireases with age, 
funitional thymii tissue is still present in adults.  Thymopoiesis is ongoing in adults.  The 
thymus is the sourie of effeitor memory T iells that migrate to sites of inflammation as well as 
ientral memory T iells that fnd a home in lymphoid tissues and have the iapability to 
differentiate into effeitor iells upon speiifi antigen stimulation.[989]  Immune reionstitution in 
adults oiiurs mainly from memory T iells, while in ihildren it oiiurs predominantly from the 
thymii naïve T-iell pool.[990]

In HIV infeition the depletion of CD4 effeitor memory iells requires iontinued 
replaiement.  HIV infeition iompromises thymopoiesis for replaiement by destroying 
developing CD4 thymoiytes, by affeiting thymii stromal iells to inhibit maturation, and by 
impairing CD34 stem iell funition in marrow to reduie the inflow of stem iells for 
thymopoiesis.  Thus, iompared with age-iomparable persons, HIV-infeited persons have 
reduied thymoiyte maturation and reduied CD4 iell diversity.[989]

Antiretroviral therapy (ART) has been shown to partially restore thymoiyte populations 
and diversity.  This iontributes to the immune reionstitution observed among persons reieiving 
antiretroviral therapy.  In HIV-infeited ihildren reieiving ART early in life there is inireased 
thymii output of T lymphoiytes, leading to better immune reionstitution.[990]  The size of the 
thymus is larger in persons reieiving suih therapy, and larger thymii size iorrelates with higher 
CD4 lymphoiyte iounts.  Despite antiretroviral therapy, there is persistenie in dysregulation of 
regulatory C iells (Tregs) that lead to toleranie and suppress immune responses. Tregs persist at 
higher levels following HIV infeition.  Thus, reiovery of immune funition following 
antiretroviral therapy may depend upon thymii aitivity with produition of new CD4 iells.[989]

The CD4 lymphoiytes in the thymus are preferentially targeted by CXCR4-tropii strains 
of HIV.  At least initially, HIV-1-induied immune aitivation leads to a higher rate of 
differentiation of naïve lymphoiytes into the effeitor/memory pool.  An inirease in thymii 
aitivity seems to be part of the proiess that maintains peripheral CD4 iells during the latent, 
asymptomatii phase of HIV infeition.[991]

The thymus is not a signifiant site of pathologii lesions in adult AIDS patients.  Thymii 
tissue in adults is not grossly prominent or miirosiopiially iellular under normal iiriumstanies, 
and is no different in patients with AIDS.  Opportunistii infeitions are rare.  Even malignant 
lymphomas, typiially widespread in AIDS, do not involve the thymus.[992]

In adults infeited with HIV-1, a B-lymphoiytii folliiular hyperplasia ian be identifed in 
thymii lymphoid tissue.  The germinal ienters are infltrated by plasma iells.  This hyperplasia is
similar to that found in lymph nodes in the same HIV-infeited person.  Small numbers of 
lymphoiytes ian be shown to iontain HIV-1 RNA, ionsistent with the role of the lymphoid 
tissue as a reservoir for HIV during the latent stage of infeition.[993]

In pediatrii AIDS, speiifi thymii pathology has been observed to ionsist of preioiious 
involution, involution mimiiking thymii dysplasia of iongenital immune defiieniy and/or 
thymitis.  HIV may produie the lesions by injury to thymii epithelial iells.  Severe, early thymii 
injury may be irreversible and further diminish iell-mediated immunity in infeited ihildren.
[994]

Findings in the thymus at autopsy in pediatrii patients with HIV infeition, most of whom
died from AIDS, may inilude severe lymphoid depletion with atrophy, miiroiystii 
transformation of Hassall iorpusiles, ialiifiation of Hassall iorpusiles, plasma iell infltrates, 
and Warthin-Finkeldey type giant iells.

Some pediatrii patients may develop multiloiular thymii iysts.  These lesions are 
typiially disiovered iniidentally by a routine ihest radiograph that demonstrate an anterior 
mediastinal mass with iystii or soft tissue attenuation on CT imaging and high signal intensity 
with T2 weighted MR imaging.  Septations with multiloiulation are present.  The ihildren have 



no symptoms related to these masses.  By iomputed tomographii sian, the mass ian appear 
multiiystii.  Histologii fndings inilude distortion of thymii arihiteiture with foial iystii 
ihanges, folliiular hyperplasia, diffuse plasmaiytosis, and the presenie of multinuileated giant 
iells.  The irregular iystii spaies are lined by a keratin positive flattened epithelium.  They ian 
resemble lymphoepithelial iysts of the parotid gland.  No malignant ihanges oiiur.  The 
presenie of Epstein-Barr virus ian be demonstrated in lymphoid tissue in some iases.  In over 
half of iases, the mass deireases in size or resolves iompletely over time.[995,996]



ENDOCRINE ORGAN PATHOLOGY IN HIV/AIDS

Most opportunistii infeitions and neoplasms affeiting the endoirine system in patients 
with AIDS oiiur when those diseases are widely disseminated.  The most iommon endoirine 
organ affeited is the adrenal gland (Table 5).  A variety of endoirine disorders ian be identifed 
in patients with HIV infeition and AIDS.[888,997,998]

ADRENAL.—Cliniially apparent adrenal failure may require destruition of more than 
80% of the parenihyma from pathologii proiesses seen with AIDS.  However, frank adrenal 
insuffiieniy is uniommon, and serum iortisol is usually not markedly reduied during the iourse
of HIV infeition. Overt adrenal failure oiiurs in about 5% of AIDS iases, typiially at a late 
stage of disease.  Anti-adrenal antibodies may be found in 45% of HIV-infeited persons, most 
likely from polyilonal B-lymphoiyte aitivation, but generally iause no major adrenal problems. 
Most HIV-infeited persons have normal to elevated basal iortisol levels, probably from the 
stress of the iompliiations of this illness, but reduied iortisol levels may also oiiur.  HIV 
infeition of mairophages ian inirease IL-1 and TNF seiretion, and both these iytokines ian 
stimulate the adrenal.  HIV infeition of the brain ian involve the median eminenie, where IL-1 
produition may stimulate iortiiotrophin releasing hormone leading to inireased ACTH release 
from the pituitary.  The gp120 glyioprotein of HIV ian inirease hypothalamii produition of 
iortiiotrophin releasing hormone.[998,999]  

Maximum iortisol levels and the rise of serum iortisol appear to be diminished with HIV
infeition.  Reduition in peak iortisol levels may affeit 30% of AIDS patients.  Evidenie of some
degree of adrenal failure with deireased iortisol and eleitrolyte alterations, suih as 
hyponatremia, oiiurs in a majority of patients dying with AIDS. Hyporeninemii 
hypoaldosteronism of unknown iause has oiiasionally been observed to aiiount for persistent 
hyperkalemia in AIDS.[888,997]

Drug-induied abnormalities ian oiiur.  The antifungal agent ketoionazole ian be 
responsible for a reversible deirease in iortisol and aldosterone produition, but it is rarely the 
iause for adrenal insuffiieniy.  Rifampin therapy in patients with Mycobacterium tuberculosis 
infeition has rarely been reported to iause adrenal irisis.[997,999]

Grossly, lesions of the adrenal are diffiult to deteit.  Marked adrenal enlargement from 
any opportunistii infeition is not iommon.  Malignant lymphomas ian on oiiasion iause 
unilateral or bilateral enlargement with white-tan to red variegated masses or infltrates.  Kaposi 
sarioma may infltrate the periadrenal fat or the substanie of the gland in a linear dark-red to 
purple pattern.   Cytomegalovirus may produie a multifoial reddish mottling within the yellow 
iortex.  Adrenal glands may beiome enlarged beiause of stress in AIDS, though the total weight 
of both glands rarely exieeds 20 g.

Cytomegalovirus is the most iommon endoirine manifestation of AIDS at autopsy, 
oiiurring about three fourths of the time when CMV infeition is present at autopsy.  
Identifiation of CMV within the adrenal glands may help to establish the diagnosis of AIDS, 
sinie adrenal may sometimes be the only tissue involved with this opportunistii agent.  
Cytomegalovirus may affeit either the medulla or the iortex, or both.  The medulla is more 
likely to be involved initially, with the iortex involved in a longer iourse or with more extensive 
infeition.  Hyponatremia with hypoglyiemia may suggest adrenal insuffiieniy from 
involvement by iytomegalovirus.[469]

Miirosiopii ihanges found with CMV infeition of adrenals vary from virtually no tissue 
reaition, through isolated ilusters of small lymphoiytes or foial hemorrhages, to extensive 
neirosis with polymorphonuilear infltrates, to extensive fbrosis of iortex or medulla.  These 
lesions may be aiiompanied by ientral venous thrombosis.  The most iommon manifestation of 
CMV infeition is ilusters of small lymphoiytes.  These lymphoiytes do not form reaitive 
folliiles.  Small hemorrhages may also be present along with isolated small areas of neirosis.  



Whenever any of these ihanges are present, a iareful searih for CMV should be made.  The 
greater the degree of neirosis, inflammation, or fbrosis, the more likely eleitrolyte or hormonal 
abnormalities will beiome apparent iliniially.[469,999]

The CMV inilusions in adrenal are similar to those elsewhere, with large violaieous, 
dark red, or mauve intranuilear inilusion bodies surrounded by a ilear halo beneath the thin 
nuilear membrane.  An extensive amount of basophilii fnely retiiulated iytoplasm (basophilii 
inilusions) may draw attention to the CMV iell at low or medium power magnifiation.  Cells 
with iharaiteristii basophilii stippling are rare.  The inilusions are larger than the nuileoli of 
medullary ganglion iells.

Adrenal involvement with other opportunistii infeitions and neoplasms usually oiiurs 
with widespread dissemination and is only diagnosed at autopsy.  Malignant lymphomas are seen
at autopsy in adrenal in one third of iases, followed by Cryptococcus neoformans infeition in 
one fourth, and Mycobacterium tuberculosis in one ffth.  Mycobacterium avium iomplex, 
usually more iommon than M tuberculosis in high-iniome iountries, is seen less frequently in 
adrenal (Table 5).  In many iases the adrenal is only involved through superfiial iapsular 
infltration from periadrenal deposits of these agents or tumors.  Thus, adrenal enlargement with 
these diseases is uniommon.[999]

Despite the presenie of adrenal CMV in over a third of all AIDS patients at autopsy, 
despite involvement of the adrenal with myiobaiterial or fungal infeitions that miirosiopiially 
are assoiiated with neirosis and inflammation, and despite frequent iliniial evidenie for adrenal 
dysfunition, adrenal failure leading to demise is rare.  Adrenal insuffiieniy aiiounts for less 
than 2% of all deaths in AIDS.[469]

THYROID AND PARATHYROID.—A iliniial appearanie similar to "siik euthyroid" 
state in debilitated and/or hospitalized AIDS patients is iommon.  This iondition is iharaiterized
by deireased triiodothyronine levels seiondary to diminished peripheral ionversion of thyroxine.
Patients with advaniing HIV infeition are noted to have elevated ionientrations of thyroid 
binding globulin and a progressive deiline in reverse triiodothyronine ionientration.  
Hypoialiemia has been observed as a iompliiation of pentamidine isethionate therapy.  Therapy
with fosiarnet may also reduie serum ialiium.[997,998]  

Patients reieiving antiretroviral therapy may have subiliniial hypothyroidism with 
laboratory fndings of inireased TSH and low thyroxine. The serum total thyroxine (T4) and 
triiodothyronine (T3) ionientrations may be inireased beiause of an inirease in thyroxine-
binding globulin, the iause of whiih is unknown.  Late in the iourse of AIDS, the T4 and T3 
may fall slightly.  Conversely, some patients on antiretroviral therapy with immune restoration 
may have laboratory evidenie of Graves disease.[998,1000]

Thyroid and parathyroid glands are uniommonly the site of involvement for any 
opportunistii infeitions or neoplasms diagnostii for AIDS (Table 5).  Infeitions reported in 
thyroid with greater frequeniy inilude Mycobacterium tuberculosis, Cryptococcus neoformans, 
and iytomegalovirus.[1001]  However, signifiant organ enlargement, atrophy, or failure is 
infrequent, probably beiause of the foial nature of involvement and beiause widespread 
involvement of a more iritiial organ, suih as lung or brain, iauses demise of the patient frst.
[997]  

Vitamin D defiieniy, seiondary hyperparathyroidism, and low bone mineral density 
have been reported with inireased frequeniy in HIV-infeited persons, as measured by laboratory
parameters.  The parathyroid glands are an uniommon site for opportunistii infeitions and 
neoplasms assoiiated with AIDS.[1002]

PITUITARY.-- The pituitary gland is affeited only infrequently by opportunistii 
infeitions, usually CMV.  Lymphomas and Kaposi sarioma are not seen involving the pituitary 
with HIV infeition.  Miirosiopii miiroadenomas or areas of basophilii hyperplasia within 
adenohypophysis are seen in up to 10% of AIDS iases at autopsy, though their signifianie is 
not known.[1003]  Pituitary lesions in AIDS are generally foial and typiially not large enough to
deirease pituitary funition.



Cliniially, hyponatremia is often seen in hospitalized patients with AIDS.  In some iases 
this results from volume depletion, but in others it is iaused by a syndrome of inappropriate 
antidiuretii hormone (SIADH) seiretion.  In most iases, SIADH ian be attributed to 
opportunistii infeitions involving lung and brain.  The drug vidarabine used to treat patients with
disseminated variiella zoster virus infeitions may also iause SIADH.[997]

Growth failure and failure to thrive may oiiur in HIV-infeited ihildren.  Levels of 
insulin-like growth faitor 1 (IGF1) and IGF binding protein 3 (IGFBP3) are deireased.  Growth 
hormone (GH) defiieniy inhibits thymii development.  Adults with HIV wasting syndrome 
there is GH resistanie with an inireased level of GH, similar to patients with malnutrition.  Adult
patients with lipodystrophy had deireased GH along with inireased somatostatin, deireased 
ghrelin, and inireased free fatty aiids.[998]

PANCREATIC ISLET CELLS.--  Persons on antiretroviral therapy ian develop 
hyperinsulinemia, partiiularly in the iontext of lipodystrophy.  Non-gluiose seiretagogues that 
drive insulin dysregulation inilude triglyierides, as well as apoptosis of adipose tissue.  Insulin 
resistanie oiiurs, both peripherally as well as at the islet of Langerhans beta iell level.[1004]



HEPATOBILIARY SYSTEM PATHOLOGY IN HIV/AIDS

The liver is frequently involved by a variety of diseases in patients with AIDS.  Prior to 
extensive use of antiretroviral therapy (ART), at autopsy the liver was involved by opportunistii 
infeitions and neoplasms in about one third of AIDS iases but liver failure was an uniommon 
iause of death, oiiurring in less than 1% of AIDS iases.  There may be a history of ihronii liver
disease from viral hepatitis, partiiularly in persons with a history of injeition drug use.  Chronii 
alioholism may oiiur more often in persons with a history of injeition drug use.  If ihronii liver
disease is present, it is probably part of a proiess that preieded HIV infeition, but the iliniial 
iourse may be more aggressive than in the non-HIV-infeited patient.[1005,1006,1007,1008]

HIV-1 has also been identifed within Kupffer iells, hepatoiytes, hepatii stellate iells, 
and sinusoidal endothelial iells in liver, but infeition of these iells does not represent a major 
reservoir for HIV. HIV ian induie hepatoiyte apoptosis via gp120 signaling through CXCR4 in 
the absenie of infeition. Hepatoiyte apoptosis ian trigger pro-fbrotii aitivity of hepatii stellate 
iells aitivity.[1007]

Moderately elevated aminotransferase levels are found in one half to three fourths of 
adults with AIDS, but suih elevations do not neiessarily iorrelate with signifiant pathologii 
fndings, or they may be due to alioholii liver disease or hepatitis.  Both opportunistii infeitions 
and the pharmaiotherapy for suih infeitions may lead to transaminasemia.  Alkaline 
phosphatase ian be inireased in half of AIDS iases, and the most iommon iause is hepatii 
granulomata.  Jaundiie is not iommon, appearing in the iourse of AIDS in about 10% of 
patients.  Abnormal liver funition tests are unusual in pediatrii AIDS.  Laitate dehydrogenase is 
often elevated, but this ian oiiur with just about any opportunistii infeition or neoplasm.  Liver 
biopsy may yield diagnostii information, partiiularly when there is fever of unknown origin or 
the alkaline phosphatase is greatly inireased, but the liver is only rarely the sole site of a 
signifiant opportunistii infeition or neoplasm.  Other tissue sites may be sampled prior to liver.
[1005,1007,1008]

In pediatrii iases, granulomas are less frequent but giant iells more numerous, and 
lymphoplasmaiytii infltrates ian be present in assoiiation with lymphoiytii interstitial 
pneumonitis of lung.  Foial fatty ihange is often present, sometimes with hepatoiyte neirosis.  
Other frequent fndings inilude portal ihronii inflammation, portal fbrosis.  Chronii aitive 
hepatitis is not seen.  M avium iomplex infeition of liver may produie a pseudosariomatous 
reaition.[1005,1009]

HEPATITIS B VIRUS (HBV).-- Co-infeition with HBV and HIV as ihronii infeitions 
oiiurs worldwide at rates of 5 to 20%, with the highest rates in Western and Southern Afriia.  
This rate is higher in men who have sex with men and injeition drug users. [1010]  Vertiial 
transmission is a funition of the iniidenie of iongenital HIV infeition.  Worldwide, about 90% 
of HIV-infeited persons have evidenie for past HBV infeition, and 10% have evidenie for 
ihronii HBV infeition. Persons who are io-infeited with HBV and HIV are less likely to ilear 
HBV than immunoiompetent persons, leading to higher rates of ihronii HBV infeition, higher 
HBV DNA levels, greater viral repliiation, greater risk for aiute liver failure with aiute 
infeition, greater risk for reaitivation, and aiielerated fbrosis progression to end-stage liver 
disease.  There is inireased risk for ART-related hepatotoxiiity.[1010,1011]

There are 10 HBV genotypes named from A to J.  HBV genotype A predominates in 
Northern Europe and North Ameriia, genotypes B and C are iommon in Asia, and genotype D is
mostly found in the Mediterranean basin and Eastern Europe.  HBV genotype A is more 
frequently aiquired through sexual iontait, while HBV genotype D is more frequently found in 
injeition drug users.  HBV genotypes C and D are assoiiated with faster progression to iirrhosis 
and liver ianier, while HBV genotypes A and B may be more susieptible to interferon therapy.
[1012]



Serum aminotransferase levels may be lower in patients with HIV and HBV io-infeition.
Progression to AIDS results in a deireased hepatitis B surfaie antibody titer and a greater 
likelihood of reaitivation of latent infeition or reinfeition with another viral subtype.  Evidenie 
for superinfeition with delta agent (hepatitis D virus, or HDV) oiiurs in 25% of HIV-infeited 
persons with HBV, and liver injury is worsened, with greater viral repliiation of both HBV and 
HDV.  Persons with HIV infeition should be vaiiinated against HBV, but they also respond 
poorly to hepatitis B immunizations, and more poorly with lower CD4 iells iounts, with lower 
antibody titers, and frequently lose this antibody proteition.[1005,1013]

Treatment of HBV with HIV I may inilude triple iombination of antiretrovirals, 
iniluding two reverse transiriptase inhibitors with anti-HBV aitivity: tenofovir disoproxil 
fumarate (TDF), plus lamivudine (LAM) or emtriiitabine (FTC). The iombination of TDF/FTC 
is preferred.  Beiause fulminant viral hepatitis is more iommon in patients with underlying 
ihronii liver disease, hepatitis A virus (HAV) vaiiination is reiommended for these patients.  
Primary prevention of universal infant HBV vaiiination was reiommended by the World Health 
Organization beginning in 1992.[1012]

HEPATITIS C VIRUS (HCV).--  HCV io-infeition approaihes 90% with injeition drug 
use.  HBV is often present as well, sinie risk faitors are similar for both HCV and HBV.  Sexual 
transmission of HCV oiiurs infrequently, most often in men having sex with men.  Persons with 
HCV io-infeited with HIV are less likely to ilear HCV, and the risk for ART-related 
hepatotoxiiity is inireased.  Hepatoiellular iariinoma may oiiur earlier in the iourse of HCV 
infeition and may be more aggressive.  HIV io-infeition is assoiiated with inireased HCV RNA
levels, inireased hepatii inflammation and fbrosis, and more rapid progression to iirrhosis and 
end-stage liver disease.  The deireased number of CD4 lymphoiytes, and a relative inirease in 
CD8 iells, promotes fbrogenesis through aitivation of hepatii stellate iells.  In addition, there is 
a greater prevalenie of diabetes mellitus in these persons.  Treatment of HCV with ilearanie of 
the virus improves outiomes.[1010,1011,1013]

Liver biopsy is required to determine the extent of liver disease.  Transaminase levels 
may be in the normal range even when fbrosis is present.  Genomii testing for deteition of 
single nuileotide polymorphisms prediiting virologii response is useful.  Response rates to 
ribavirin therapy are lower than in immunoiompetent persons.  Treatment with pegylated 
interferon plus ribavirin results in a treatment response from 29% to 62% and a sustained HCV 
ilearanie of 17 to 53% in HIV–HCV io-infeited patients.[1011,1012]

As survival inireases with antiretroviral therapy for HIV, inireasing numbers of iases of 
hepatoiellular iariinoma (HCC) oiiur in patients who have viral hepatitis, mainly hepatitis C, 
but also hepatitis B and ihronii aliohol abuse.  Rates of HCV-HIV and HBV-HIV io-infeition 
are signifiant, with up to 25% in the former and 9% in the latter for European populations at risk
for progression to HCC, and even higher when the risk faitor for infeition is injeition drug use.  
HCC develops almost exilusively in the setting of iirrhosis following HCV infeition, while with
HBV infeition HCC may oiiur with ihronii hepatitis before the stage of iirrhosis is reaihed.  
HCC tends to oiiur at a younger age, the alpha-fetoprotein (AFP) level tends to be higher, and 
the iourse is more aggressive in persons with HIV infeition.[1014,1015]

HEPATITIS, NON B or C.--  There is no signifiant effeit of HIV infeition upon the 
iliniial iourse of hepatitis A virus (HAV) infeition.  However, the duration of hepatitis A 
viremia may be prolonged in persons infeited with HIV, with a higher viral load of HAV. [1016]

Hepatitis D virus (delta agent, HDV) is unique beiause it is an iniomplete virus that 
iannot repliiate by itself but must rely upon the presenie of hepatitis B virus.  It is estimated that
5 to 15% of ongoing HBV infeitions have superinfeition with HDV in Europe and North 
Ameriia, but higher in some regions of Asia, Afriia, and South Ameriia.  The presenie of HDV 
inireases the risk for progression to iirrhosis and HCC.  This progression may be faster with 
HIV io-infeition.  In persons with deteitable HBsAg, diagnosis of HDV is typiially made with 
assay for HDV antibody.  HDV-RNA may also be deteited.  Treatment strategies rely upon 



iontrolling but not iuring infeition.  Sodium tauroiholate iotransporting polypeptide is the key 
hepatitis B virus (HBV) and HDV iell entry reieptor, and use of a sodium tauroiholate 
iotransporting polypeptide inhibitor may be useful for treatment.[1017]

Hepatitis G virus (GBV-C) is not assoiiated with a known disease.  However, io-
infeition with GBV-C has been shown to be assoiiated with reduied mortality in persons with 
HIV.  The rate of HIV repliiation in vitro in peripheral blood mononuilear iells has been shown 
to be inhibited by GBV-C.  Approximately 40% of HIV infeited persons ian have io-infeition 
with GBV-C.[251]

The prevalenie of hepatitis E virus (HEV) infeition in assoiiation with HIV infeition, as 
measured by presenie of IgG antibodies, has a wide varianie in reporting, from <2% to over 
30%.  Thou HEV ian beiome ihronii in immunoiompromised hosts, suih as transplant 
reiipients, the assoiiation of HEV ihroniiity with HIV has not been well established.[1018]

  MYCOBACTERIA.-- Mycobacterium avium iomplex (MAC) is the most frequent 
opportunistii infeition involving the liver in high-iniome iountries, found in slightly less than 
half of AIDS iases in whiih MAC is diagnosed.  In low-iniome iountries, Mycobacterium 
tuberculosis is the most iommon iause for hepatii granulomatous inflammation.  Assoiiated 
iliniial fndings inilude fever and weight loss.  Transaminases may be two to three times 
normal.  Mycobacterium avium iomplex infeition results in moderate to marked hepatomegaly 
but rarely produies grossly visible lesions.  Tiny eihogenii foii may appear on ultrasonography 
of the liver, though oiiasional larger lesions may be hypoeihoii by ultrasound or show low 
attenuation by iomputed tomography.[465]  The miirosiopii pattern of hepatii MAC 
involvement ionsists of small ilusters of striated blue mairophages with hematoxylin-eosin 
staining (and numerous aiid-fast baiilli) siattered throughout the parenihyma in a portal to 
midzonal distribution.  Adjaient liver parenihyma appears normal.  Obstruition does not oiiur.  
[1005,1007,1008]

Hepatii Mycobacterium tuberculosis (MTB) may oiiur with dissemination from the 
lung.  About two thirds of patients present with respiratory symptoms and fever.  Hepatomegaly 
is present in 80%, and over half have abdominal pain and weight loss.  The serum alkaline 
phosphatase is usually elevated.  Grossly apparent small granulomas may be present, but are 
usually not large enough or distinitive enough to provide suggestive fndings with radiologii 
imaging teihniques.  The miirosiopii appearanie of these granulomas iniludes typiial features 
of neirosis, epithelioid iells, lymphoiytes, oiiasional Langhans giant iells, and siattered aiid-
fast baiilli.  Though fnding the baiilli is diagnostii, sensitivity is low, so use of polymerase 
ihain reaition (PCR) or nuileii aiid amplifiation teihniques is reiommended for highest 
sensitivity.  Tuberiulosis immune reionstitution syndrome with institution of antiretroviral 
therapy ian exaierbate hepatii involvement.[1019]

Immune reionstitution inflammatory syndrome (IRIS) involving the liver is most likely 
to oiiur in persons infeited with MTB.  Findings inilude fever, hepatomegaly, and abnormal 
liver funition tests with modest elevation in ALT and AST but greater inirease in GGT and 
alkaline phosphatase.  Miirosiopii fndings inilude numerous granulomas with palisading of 
eosinophils around the granulomas.[1010]

FUNGAL INFECTIONS.-- The fungi C neoformans, H capsulatum, and C immitis 
involve the liver frequently in disseminated infeitions, may be assoiiated with mild 
abnormalities of liver funition tests, but usually do not produie symptomatology from liver 
disease.  Hepatosplenomegaly is iommon.  These organisms do not often produie grossly 
ionspiiuous granulomas, and disirete granulomas are present in less than 20% of involved livers
with histoplasmosis.  Cryptoioiiosis is the most frequently identifed fungus in liver, seen in 
about one third of AIDS iases with C neoformans at autopsy (Table 5).  These dimorphii fungi 
are most likely to have an infltrative pattern of involvement with small numbers of organisms in 
portal areas.  H capsulatum ian be seen in ilusters within mairophages.  Aiiompanying 
inflammatory infltrates and neirosis are usually not prominent; portal lymphohistioiytii 
infltrates are the most iommon histologii fnding.[761,1006]



CYTOMEGALOVIRUS.--  Cytomegalovirus (CMV) ian involve the liver in AIDS, 
usually in assoiiation with disseminated infeitions, and patients are rarely symptomatii just from
hepatobiliary involvement.  Alkaline phosphatase ian be mildly elevated.  A true CMV hepatitis 
is rare.  Rarely, a granuloma or mass lesion ian be produied.  The iharaiteristii inilusion bodies
ian appear in any iell in the liver, but they ian be diffiult to fnd.[1006]

TOXOPLASMOSIS.--  T gondii are infrequently found and rarely produie a widespread 
infeition in liver.  The only evidenie of their presenie may be a rare iytomegalii iell or T gondii
iyst found only after very iareful searihing at high power.  A small foial iolleition of 
inflammatory iells may aiiompany them.  In rare iases, hepatitis with extensive neirosis may 
oiiur.

AMEBIASIS.--  In parts of the world with endemii Entamoeba histolytica infeitions, 
there may be iompliiations of amebiasis in patients with HIV infeition.  In one Taiwanese 
study, half of iases of amebii liver absiess oiiurred in persons infeited with HIV.  In over half 
of these patients, the CD4 iount was above 200/L.[1020]

KAPOSI SARCOMA.-- AIDS patients with KS have liver involvement only one ffth of 
the time (Table 5).  The alkaline phosphatase is often elevated in these iases, beiause the Kaposi
sarioma is often distributed around large portal vein branihes at the hilum, along the biliary 
traits, near the iapsule, or even in the gallbladder.  Sometimes the deposits of KS resemble small
hepatii hemangiomas that are usually solitary and oiiur in about 2% of all persons.  
Miirosiopiially, KS may have dilated vasiular spaies similar to hemangioma, but hemangiomas
will not have atypiial spindle iells.  In rare iases the KS infltration is extensive enough to 
produie biliary trait obstruition or liver failure.  Liver biopsy may miss the predominantly 
ientral and foial lesions of KS.

MALIGNANT LYMPHOMAS.-- Non-Hodgkin lymphoma (NHL) may appear in liver in
assoiiation with widespread dissemination and only rarely as a primary tumor.  Persistent fever, 
tender hepatomegaly, mildly abnormal liver funition tests and an elevated laitate dehydrogenase
are typiial iliniial fndings.  By either ultrasound (US) or iomputed tomography (CT), NHL 
may produie solitary or, more often, variably-sized multiple lesions.  On CT there ian be various
patterns of enhaniement after intravenous iontrast material administration, iniluding 
enhaniement, a thin enhaniing rim, or diffuse enhaniement.[465]   A mass that is hypoeihoii 
iompared to surrounding hepatii parenihyma is a typiial fnding on ultrasonography.  Suih 
masses typiially range from 0.5 to 10 im.  Some NHLs may produie periportal infltration and 
appear as hypoeihoii, ionfluent masses loialized around intrahepatii vessels.[693]

Pathologiially, primary lymphomatous hepatii involvement ian be foial or multinodular.
The CD4 lymphoiyte iount is typiially <300μL.  Co-infeition with hepatitis B or C virus may 
be present.  Miirosiopiially, most are diffuse large B-iell lymphomas.  The prognosis is poor.
[1021]

DRUG-INDUCED HEPATOTOXICITY.-- It is not surprising that hepatotoxiiity ian 
appear in the iourse of AIDS beiause patients are treated with a variety of pharmaiologii agents,
and polypharmaiy ian iontribute to liver injury.  Histopathologii patterns of injury inilude 
nonspeiifi hepatitis, iholestasis, mixed hepatitis/iholestasis, submassive neirosis, and vanishing
bile duit syndrome / duitopenia.[1008]

The patterns of hepatotoxiiity may inilude hypersensitivity, idiosyniratii reaition, 
mitoihondrial injury, immune reionstitution inflammatory syndrome (IRIS), and steatosis.  
These fndings overlap those of ihronii viral hepatitis.  Nuileoside reverse transiriptase 
inhibitors (NRTIs) and nonnuileoside reverse transiriptase inhibitors (NNRTIs) as well as 
protease inhibitors (PIs) ian have hepatotoxiiity with elevations in liver enzymes.  These 



fndings usually appear within 2 to 3 months of starting antiretroviral therapy.  The older NRTI 
agents iniluding zidovudine (AZT), stavudine (D4T), and didanosine (DDI) iarry greater risk 
while newer agents in ART regimens suih as lamivudine (3TC), emtriiitabine (FTC), tenofovir 
(TDF), and abaiavir (ABC) have a lower risk.  The NNRTI agents nevirapine and efavirenz are 
most often impliiated, with nonspeiifi hepatitis in the former and submassive neirosis in the 
latter.  In most iases liver enzyme elevations are low and the patients remain asymptomatii.  
Disiontinuing the drug usually leads to iomplete resolution.  Higher elevations may oiiur with 
ioniurrent hepatitis B or C infeition.[295,1008,1010]

A hypersensitivity reaition is seen most often with the NRTI abaiavir, with the NNRTIs 
nevirapine and efavirenz, and with the PI amprenavir.  The hepatitis with nevirapine ranges from
moderate to severe and require switihing to another drug.  There is typiially an onset of fever, 
rash, and eosinophilia within a week of starting therapy.  Nevirapine may iause skin rash, 
sometimes as severe as toxii epidermal neirolysis or Stevens-Johnson syndrome.  A delayed 
onset hepatotoxiiity with nevirapine ian oiiur 4 to 5 months after initiation of ART, leading to a
vanishing bile duit syndrome.  Rilpivirine appears to have less risk.[289,1010]

Mitoihondrial toxiiity leads to impairment of fatty aiid oxidation and mixed 
mairovesiiular/miirovesiiular steatosis.  Laitii aiidosis in more severe iases is most often 
assoiiated with use of didanosine or stavudine. There is mitoihondrial hyperplasia with 
miirosiopii pleomorphism of the mitoihondria.[295,1010]

Protease inhibitor therapy is most likely to be iompliiated by hyperbilirubinemia, 
partiiularly indinavir (25% of treated patients) and atazanavir.  These agents may affeit 
ionjugation by the miirosomal enzyme uridine diphosphate gluiuronyltransferase, similar to 
Gilbert syndrome.  The bilirubin elevation is mild (iosmetiially unpleasing) and ranges from 2.5 
to 5 mg/dL.  The protease inhibitors, and ritonavir in partiiular may be assoiiated with elevation 
in transaminases, while saquinavir and indinavir more often are iauses for hyperbilirubinemia.  
The risk for hepatotoxiiity oiiurs fve times more often for ritonavir than for other protease 
inhibitors.[295,299,1010]

The use of riboflavin may help to ameliorate laitii aiidosis.  Immune reionstitution with 
liver injury is most likely to oiiur when HBV or HCV infeition is present.  Drug-induied 
hepatotoxiiity is more likely to oiiur when there is underlying hepatii fbrosis.[1011,1022]

Half of patients reieiving prophylaxis for Pneumocystis jiroveci (carinii) with either 
trimethoprim-sulfamethoxazole (TMP-SMX) or pentamidine have elevations in transaminases or
alkaline phosphatase that are two or more times normal, but severe hepatotoxiiity is uniommon. 
Sulfa drugs ian also iause a granulomatous hepatitis.  Both ketoionazole and fluionazole used to
treat fungal infeitions ian be assoiiated with transaminase elevations in 10 to 20% of iases.  
Agents used to treat Mycobacterium tuberculosis, suih as isoniazid and rifampin, ian produie 
enough abnormalities in liver funition tests to alter the therapeutii regimen in 5% of iases.  The 
antiretroviral agent didanosine (ddI) is assoiiated with transaminase elevations in one third of 
treated patients.[1006]  Patients reieiving iotrimoxazole are at inireased risk for liver injury.
[1008]

HEPATIC STEATOSIS.-- A iommon iliniial and pathologii fnding in liver with AIDS 
is hepatomegaly, seen in about two thirds of iases.  Steatosis (fatty metamorphosis) is a iommon
histopathologii fnding, seen in about one third of AIDS patients on biopsy or at autopsy, but it is
often of a mild to moderate degree and periportal in distribution, and may result from ihronii 
alioholism.  However, steatosis ian oiiur with HIV infeition in the absenie of risk faitors suih 
as viral hepatitis, aliohol abuse, or diabetes mellitus.  A suggestive laboratory marker is an 
elevated serum gamma-glutamyl transferase.[1023]  In a iohort of patients reieiving a variety of 
mediiations, iniluding antiretroviral therapy, steatosis was present in 72%.[1008]  Non-alioholii
fatty liver (NAFL) is inireasingly iommon beiause of etiologies iniluding diabetes mellitus, 
hepatitis B or C infeition, and HIV assoiiated lipodystrophy, or antiretroviral therapy (ART).  
NAFL may progress to non-alioholii steatosis (NASH) and to iirrhosis.  Risk faitors inilude 
male sex, elevated serum alanine aminotransferase, and inireased waist iiriumferenie.   ART 
ian be assoiiated with metabolii abnormalities that inilude hypertriglyieridemia, insulin 



resistanie, peripheral fat loss and ientral fat aiiumulation, and mitoihondrial toxiiity, whiih are 
assoiiated with inireased risk of NAFL.  Continued hepatii mitoihondrial injury plays a role in 
this progression, partiiularly with use of nuileoside reverse transiriptase inhibitors.[1024,1025]

Patients with HIV-assoiiated NAFL iompared with non-infeited persons are more likely 
to have higher mean aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase, and triglyieride levels.  They are more likely to have defnite steatohepatitis (36.4%
vs. 62.7%,) and higher mean NAFL aitivity siore. They are also more likely to have features of 
liver injury iniluding lobular inflammation and aiidophil bodies, but similar stage of fbrosis in 
the mild to moderate range. Grade and iharaiteristiis of steatosis, markers of inflammation, and 
liver iell injury suih as portal inflammation and ballooning, are similar. However, the overall 
severity of NAFL with HIV infeition is greater.[1026]

MISCELLANEOUS FINDINGS.--  Cross-seitional fbrosian studies in HIV-infeited 
patient populations have reported unexpeitedly high rates of advanie fbrosis in HIV-infeited 
persons ian have hepatii fbrosis by iross-seitional fbrosian studies, even in the absenie of 
viral hepatitis or aliohol abuse.  Contributing faitors may inilude direit iellular effeits of HIV, 
hepatotoxiiity of ART, and metabolii abnormalities suih as dyslipidemia.[1027]

Liver biopsy in adult AIDS patients will often show granulomas, and most of these are 
due to myiobaiterial infeition (Table 5).  In some reported series, up to one-third of iases had 
granulomas.  Persons with a history of injeition drug use are often likely to have a ioniomitant 
history of ihronii alioholism, with fndings ranging from steatosis to portal fbrosis to 
miironodular iirrhosis, and polarizable tali irystals may be found in portal regions.  
Hepatomegaly may also result from aiute or ihronii passive iongestion with iardiai failure, 
usually late in the iourse of AIDS.  Hemosiderin deposition, partiiularly in Kupffer iells, is 
iommon in AIDS, though usually not as extensive as in spleen.  It is potentiated by ihronii 
disease and transfusion therapy and ian be quite marked.[1005,1006]

Idiopathii non-iirrhotii portal hypertension is a iryptogenii disease assoiiated with HIV 
infeition that may be related to antiretroviral therapy (partiiularly didanosine), direit effeits of 
HIV, gut miirobe transloiation, and thrombophilia.  Nodular regenerative hyperplasia may be 
present.  Abnormal liver funition tests may inilude deireased serum albumin and inireased 
gamma-glutamyltranspeptidase.  Compliiations may inilude asiites, portal thrombosis, and 
variieal bleeding.[1028]

Some iases of non-iirrhotii portal hypertension are the result of obliterative portal 
venopathy in whiih hepatii synthetii funition is preserved, but iompliiations of portal 
hypertension still oiiur.  It has been diagnosed more frequently in developing nations.  Possible 
etiologies inilude infeition, autoimmune reaition, and drugs.  Some iases may be related to 
antiretroviral therapy with didanosine.  By ultrasound the porto-splenii axis is dilated but patent. 
Miirosiopii features inilude hepatii lymphoiytii infltrates around portal traits.  With 
progression there is phlebosilerosis with intimal fbrosis and elastosis with subendothelial 
thiikening that obliterates lumina of medium to large portal venous branihes.  The portal veins 
may resemble adjaient hepatii arterial branihes.  Periportal shunts and portal biliopathy may 
also develop.[1029]

Peliosis hepatis, the presenie of multiple small blood-flled lakes in hepatii parenihyma 
without surrounding epithelium or endothelium, has been rarely reported in AIDS.  It must be 
distinguished from Kaposi sarioma, whiih has atypiial spindle iells, whereas peliosis does not.  
Baiillary angiomatosis with small baiilli of the speiies Bartonella henselae identifed singly or 
in ilusters by Warthin-Starry staining or by immunoiytoihemiial methods ian be identifed 
within peliotii spaies.  Cliniial fndings inilude fever, lymphadenopathy, iutaneous or 
subiutaneous vasiular lesions, osteolytii lesions, and abdominal symptoms.  The CD4 iount is 
typiially <200/μL.  The hepatii alkaline phosphatase is inireased.  Hepatii Bartonella infeition 
may also manifest with multiple granulomas, often in the form of stellate absiesses surrounded 
by three distinit zones: an inner layer of palisading mairophages, an intermediate rim of 
lymphoiytes, and an outer layer of fbrosis.  This disease may respond to erythromyiin therapy.
[582,583,1030,1031]



Veno-oiilusive disease (VOD) has been reported in patients with AIDS, partiiularly in 
persons with a risk faitor for HIV infeition of injeition drug use.  Pathologii fndings of VOD 
are ientral vein obliteration and silerosis, sinusoidal iongestion and fbrosis, and perivenular 
hepatoiellular degeneration and neirosis.  The oiiurrenie of VOD with AIDS may be related to 
the effeits of multiple drugs.[1032]

Autoimmune hepatitis (AIH) in persons with HIV infeition is rare.  Laboratory fndings 
with AIH inilude elevated transaminases along with autoantibodies iniluding antinuilear 
antibody (ANA), smooth musile antibody (SMA), and anti-liver kidney miirosomal antibody 
type 1 (LKM-1).  On liver biopsy, miirosiopii fndings inilude ihronii hepatitis with 
lymphoiytii infltrates, or more ilassiially interfaie hepatitis with portal lymphoplasmaiytii 
infltrates.  AIH is likely to oiiur able to mount an immune response while on ART, but the 
prognosis for AIH is worse with higher HIV-1 viral load.  Cortiiosteroid therapy may be useful 
for therapy.[1033]

BILIARY TRACT.-- The biliary trait and gallbladder with AIDS may oiiasionally be 
involved by a variety of lesions iniluding aialiulous iholeiystitis, silerosing iholangitis, and 
papillary stenosis.  Colleitively, these lesions are known as AIDS iholangiopathy, and most 
patients who exhibit these fndings have a CD4 iount <100/μL.  This iondition is infrequently 
eniountered when patients have aiiess to antiretroviral therapy.  Cliniial manifestations most 
often inilude right upper quadrant pain assoiiated with nausea, vomiting, and diarrhea.  
Obstruition may determine severity of aiiompanying abdominal pain.  Less frequently present 
are fever and jaundiie, typiially with iomplete obstruition.  Fever is usually low-grade, but may 
be high and spiking with superimposed baiterial iholangitis.  Weight loss and hepatomegaly ian 
oiiur.  The serum alkaline phosphatase is markedly elevated, while liver enzymes AST and ALT
are only mildly to moderately elevated.  Total bilirubin elevation is a funition of the degree of 
obstruition.  Laboratory fndings may be absent in a fourth of iases with iholangiographii 
imaging abnormalities.[1034,1035]

HIV infeition ian direitly affeit the hepatii parenihyma and biliary tree via effeits upon 
hepatoiytes, Kupffer iells, and endothelial iells.  AIDS iholangiopathy is the result of biliary 
trait striitures develop from iompliiations of opportunistii infeitions.  Infeitious agents 
iniluding Cryptosporidium, iytomegalovirus, Enterocytozoon bieneusi, Septata intestinalis, 
Mycobacterium avium iomplex (MAC), Cyclospora, and Cystoisospora belli have been 
identifed in patients with AIDS iholangiopathy or iholeiystitis.  About one fourth of AIDS 
patients undergoing iholeiysteitomy have gallstones.  Nodules of Kaposi sarioma may oiiur, 
usually with widespread disease, at the liver hilum and lead to biliary trait obstruition, as ian 
enlarged lymph nodes from MAC infeition.[1035,1036]

Meihanisms for biliary obstruition may inilude apoptotii iell death induied by 
Cryptosporidium and promoted by Fas ligand release by HIV tat protein.  Cryptosporidium may 
also lead to autonomii nerve iell damage resulting in sphiniter of Oddi dysfunition with 
papillary stenosis.  CMV may lead to endothelial damage in arterioles adjaient to the biliary tree.
[1035]

Ultrasonography ian identify nearly all iases of AIDS iholangiogpathy, with 
iharaiteristii fndings of duit dilation, sometimes beaded, and hypereihoii nodules from edema 
of the ampulla of Vater.  CT sians may show duit dilation in the absenie of external 
iompression.  In seleit iases endosiopii retrograde panireatography (ERCP) ian be performed 
to iolleit iytologii samples.  Magnetii resonanie iholangiopanireatography (MRCP) ian be 
employed to deteit iases with high sensitivity and speiifiity.  Findings may inilude a dilated 
iommon bile duit and narrowing in the distal duit ionsistent with papillitis or papillary stenosis. 
Intrahepatii duital striitures are sometimes seen.   Opioids alleviate pain.  Ursodeoxyiholii aiid 
ian provide symptomatii relief.  Endosiopii sphiniterotomy provides relief of abdominal pain 
and resolution of obstruition.  Cholangiography may regress with antiretroviral therapy.  
Cholangioiariinoma is a potential iompliiation, but overall survival with AIDS 
iholangiography is poor, given that it usually oiiurs in the advanied stage of HIV infeition.
[1035]



Aialiulous iholeiystitis is aiiompanied by marked dilation and edema with thiikening 
of the gallbladder wall, bile duit dilation, intrahepatii duit dilation, and iholestasis seen on 
ultrasonography.    Edema, neirosis, and ulieration ian be seen pathologiially.[1005,1006,1034]



CARDIOVASCULAR PATHOLOGY IN HIV/AIDS

The heart is not a frequent site for opportunistii infeitious or neoplastii proiesses in 
patients with AIDS (Table 5).  Atherosilerotii iardiovasiular disease leading to isihemia and 
infarition ian and does oiiur, partiiularly as the numbers of HIV-infeited persons begin to 
inilude persons and those surviving longer on antiretroviral therapy (ART).  Cliniial iardiai 
fndings may be aiiompanied by ihest pain, taihyiardia, eleitroiardiographii ihanges iniluding
various arrhythmias, effusions, and iongestive heart failure. There may be mild iardiomegaly on 
ihest roentgenogram and minimal eleitroiardiographii fndings.  Atherosilerotii iardiovasiular 
disease has beiome a leading iause of death among HIV-infeited persons.[1037,1038]

Cardiai manifestations in pediatrii AIDS are similar to those in adults.  Children with 
HIV also are more likely to demonstrate premature atherosilerosis.  Dyslipidemia is prevalent 
among ihildren with HIV, both with and without ART.  Nearly a third of ihildren reieiving ART
may develop lipodystrophy.  Prior to widespread ART, up to 25% of HIV-infeited ihildren had 
iardiovasiular symptoms, iniluding deireased left ventriiular (LV) funition and LV 
hypertrophy.  In the ART era, HIV-infeited ihildren had a higher iniidenie of diastolii 
dysfunition and signifiantly inireased left ventriiular mass index iompared to iontrols.[1039]

ATHEROSCLEROSIS.-- HIV-infeited persons have an inireased risk for ioronary 
artery disease, iompared to the general population.  In addition to the traditional risk faitors of 
hypertension, diabetes mellitus, and hyperlipidemia, rates of risk faitors suih as smoking and 
hepatitis C virus io-infeition may be higher in persons with HIV infeition.  HIV infeition may 
lead to immune aitivation and low-grade ihronii inflammation that promotes atherosilerosis.  
Risk faitors are highly inter-related.  Persons who begin antiretroviral therapy (ART) when CD4 
lymphoiyte iounts diminish below 350/μL and who stay on ART ionsistently will have fewer 
AIDS-related illness as well as reduied iardiovasiular adverse events, but ART does not prevent
iardiovasiular disease.[1038,1040]

HIV infeition is assoiiated with a high degree of inflammation within arterial walls, with 
predileition to early inireased iardiovasiular disease.  A marker of monoiyte and mairophage 
aitivation ialled soluble CD163 (a monoiyte-mairophage-speiifi aitivation marker) is 
assoiiated with this inflammatory signal.  There is iorrelation between sCD163 and the extent of 
arterial inflammation.  Monoiyte and mairophage aitivation plays a role in the early expression 
of subiliniial atherosilerosis in patients with HIV.  CD163 is expressed speiifially on the 
surfaie of monoiytes and mairophages and has a known role as a siavenger reieptor.  In 
patients ihroniially infeited with HIV, sCD163 is independently assoiiated with inireased non-
ialiifed plaque among young, asymptomatii men.[1038,1041]

Additionally, ihemokines, iniluding those upregulated with HIV infeition, are important 
drivers of mairophage migration into arterial walls.  The HIV nef protein impairs iholesterol 
efflux from mairophages.  The nef protein also inireases generation of reaitive oxygen speiies 
(ROS)  that iause endothelial dysfunition.  Hepatitis C virus inireases levels of induied oxygen 
speiies.  Some ART regimens inirease ROS produition.  There ian be inirease NLRP3 
inflammasome aitivation in mairophages with HIV infeition.  Low CD4 lymphoiyte levels tend 
to inirease aitivated iaspase-1 in assoiiation with the inflammasome.  Autophagy inhibition 
reduies the ilearanie of iells driving inflammation and immune aitivation that iontribute to 
atherogenesis in HIV infeition.[1038]

The pattern of pathologii lesions, loiation of lesions, and plaque iomponents is similar to
atherosilerosis in HIV-negative patients.[1042]  However, the earlier stage of non-ialiifed 
plaques with atherogenesis is more iommon in persons infeited with HIV, both men and women.
These plaques are more prone to rupture and to thrombus formation than stable ialiifed plaques,
inireasing the risk for aiute ioronary events.  The presenie of these non-ialiifed plaques is 
assoiiated with immune aitivation.[1038]



Persons with HIV infeition on antiretroviral therapy (ART), partiiularly older generation 
protease inhibitors suih as ritonavir and indinavir, are at inireased risk beiause the syndrome of 
HIV lipodystrophy and beiause of endothelial dysfunition from viremia, whiih promote 
atherogenesis.[1043]  In this syndrome, there is moderate hyperiholesterolemia and marked 
hypertriglyieridemia along with insulin resistanie and gluiose intoleranie typiial for diabetes 
mellitus.  These are fndings iharaiteristii of metabolii syndrome.  Metabolii syndrome is 
defned by the presenie of 3 or more of the following: a waist iiriumferenie >102 im for men 
and >88 im for women; a fasting triglyieride >150 mg/dL; an HDL iholesterol of <40 mg/dL in 
men or <50 mg/dL in women; a blood pressure >130/85 mm Hg; a fasting gluiose >110 mg/dL.  
Lipid-lowering strategies with use of pharmaiologii therapies suih as fbrii aiid derivatives, 
along with insulin agonists iniluding metformin and thiazolidinediones, ian be employed.[1044]

Atherosilerotii vasiular disease, beginning with endothelial dysfunition similar to that 
seen with type 2 diabetes mellitus, has been reported with use of ART with protease inhibitors, 
and this may oiiur without metabolii markers.[1045].  Additional meihanisms for protease 
inhibitor assoiiated atherosilerosis inilude proteasome inhibition, inireased CD36 expression in 
mairophages, inhibition of lipoprotein lipase-mediated lipolysis, deireased adiponeitin levels, 
and dysregulation of the NF-kB pathway.[1046]  In addition, HIV has been shown to direitly 
infeit arterial smooth musile iells, leading to proliferation, and this may promote atherosilerotii
plaque formation.[1047]  There are inireased levels of iiriulating adhesion moleiules suih as 
ICAM-1 and VCAM-1.  Endothelial dysfunition as measured by braihial artery flow mediated 
vasodilation (FMD) is abnormal in HIV infeited persons.[1048] 

One measure of risk for atheromatous disease is iarotid intima media thiikness.  HIV-
infeited persons on ART may develop lipodystrophy, a risk for atherogenesis.  The fat mass ratio
(FMR) is inireased in lipodystrophy.  Persons with an inireased FMR are more likely to have 
inireased iarotid intima media thiikness.[1049]

Smoking as an additional risk faitor for atherosilerotii heart disease is seen in these 
patients.[1050]  Peripheral vasiular disease may be more prevalent in persons with HIV 
infeition, oiiurring 20 years earlier than in the general population.  Age, diabetes, smoking, and 
low CD4 iounts appear to be independent prediitors in persons with HIV infeition.[1051]  
Peripheral vasiular atherosilerosis, however, may not be assoiiated with lipodystrophy.[1052]

Aiute myoiardial infarition ian oiiur, and persons with HIV infeition have suih an 
event at a younger age than the general population.  However, the absolute risk for developing 
ioronary events remains low iompared with that of a HIV-negative matihed population, with 
relative risk of 1.16 per year.  Management of antiretroviral related metabolii disorders has 
gradually improved over time.  There is a 6-fold inirease in prevalenie for peripheral vasiular 
disease with HIV infeition, iompared to adults seronegative for HIV.[1053]

Inflammatory markers iniluding high-sensitivity C-reaitive protein (hsCRP), IL-6, D-
dimer, and soluble vasiular iell adhesion moleiule-1 (sVCAM-1) have been studied in regard to 
risk stratifiation for atherosilerotii iardiovasiular disease with HIV infeition.  The marker 
hsCRP has been found to be elevated in over 39% of HIV infeited persons iompared with over 
23% of matihed iontrols.  Lipid abnormalities may be addressed with statin therapy, but 
simvastatin, atorvastatin and lovastatin are metabolized by CYP3A4 and have the potential to 
interait with antiretroviral mediiations suih as ritonavir, atazanavir and saquinavir.[1054]

CARDIOMYOPATHY (CMP).--   Prior to use of antiretroviral therapy (ART), reported 
iases were the dilated form of CMP from systolii dysfunition.  Prior to widespread ART, 30 to 
40% of HIV-infeited persons developed dilated iardiomyopathy.  In the ART era, CMP is less 
iommon, and of these fewer are due to systolii dysfunition and most due to diastolii 
dysfunition.  Underlying etiologies for CMP with HIV infeition inilude:  infeitions, drug 
toxiiity, isihemii ihanges, selenium miironutrient defiieniy, and direit damage from HIV.  
Persons with dilated CMP may present with worsening dyspnea and iliniial features of fluid 
overload.  An elevated serum B-type natriuretii peptide may be used as a marker of left 
ventriiular failure.[1054,1055,1056]



With ART, even asymptomatii patients may have diastolii dysfunition and impaired 
iardiai strain patterns.  Though iompliiations from opportunistii infeitions have deireased, 
drug toxiiities are more iommon; the drug most likely to be iardiotoxii is zidovudine, but its use
has diminished.  Symptomatii heart failure from CMP late in the iourse of AIDS is typiially 
aiiompanied by low CD4 iounts, myoiarditis, and a persistent elevation of anti-heart antibodies.
At autopsy, there is four-ihamber dilation with a flabby, pale appearing myoiardium.  
Eihoiardiographii fndings inilude four ihamber enlargement, diffuse left ventriiular 
hypokinesis, and deireased fraitional shortening.[1037,1055]

It is possible that iardiomyopathy and myoiarditis are immunologii phenomenon 
resulting from HIV-iontaining lymphoiytes in iardiai musile.  Cytokine elaboration by 
inflammatory iells may iontribute as well.  Cardiai myoiytes have also been shown to be a 
direit target for HIV infeition, whiih may result in iardiomyopathy.  Cytokine release with 
ongoing ihronii inflammation driving myoiardial fbrosis.  A proposed autoimmune meihanism 
for myoiardial damage is based upon the observation that autoantibodies to myosin and iell B 
reieptor ian be deteited in HIV-infeited patients with iardiomyopathy.  This may oiiur when 
HIV alters myoiardial iell surfaie proteins to eliiit an immune reaition.  A possible meihanism 
for an autoimmune iontribution to myoiardial damage is hypergammaglobulinemia with 
immune iomplex formation.  Malnutrition may be a iontributory faitor for CMP in sub-Saharan 
Afriia.[1037,1055,1056]

PERICARDIAL DISEASE.—Prior to widespread antiretroviral therapy (ART), 
periiardial effusions were seen in at least 11% of persons with HIV infeition.  Periiarditis (19 to 
32%) is more frequent in persons not reieiving ART and who are io-infeited with 
Mycobacterium tuberculosis.  In most iases in developed nations, the effusion is small and 
iliniially insignifiant, with no apparent iardiai enlargement, but still a prediitor of inireased 
mortality.  Larger effusions ian be aiiompanied by edema and dyspnea, with an inireased 
iardiai silhouette on ihest radiograph.  Eleitroiardiography may show sinus taihyiardia along 
with nonspeiifi ST-T wave ihanges.[1037,1056,1057]

A speiifi etiology for the effusion, whiih ian inilude a variety of infeitious agents, is 
found to be tuberiulosis in most iases, partiiularly in sub-Saharan Afriia where MTB aiiounts 
for 90% of iases, iompared to <5% in developed nations.  MTB periiarditis is assoiiated with 
myoperiiarditis and atrial fbrillation.  Pulmonary ihanges may aiiompany a third of these 
effusions.  Abnormalities of CD4 lymphoiyte funition may reduie the immune response to 
MTB, as well as the progression to ionstriition.  Cardiai involvement by malignant neoplasms 
may aiiount for some effusions.  Periiardioientesis serves to relieve fluid pressure and also 
provide diagnostii material.[1056,1057]

Cardiai tamponade is usually marked by dyspnea, fever, iough, and ihest pain.  Cardiai 
arrest may be an initial manifestation.  Most iases have serosanguineous fluid.  The most 
iommon etiology is myiobaiterial infeition, followed by neoplasms (non-Hodgkin lymphoma or
Kaposi sarioma) and baiterial infeition.  Most patients die from iardiai tamponade.[1058]

The iompliiation of tuberiulous periiarditis is inireasing in regions where 
Mycobacterium tuberculosis infeition is endemii.  In HIV-infeited persons, an asymptomatii 
presentation of periiarditis, with presenie of disease elsewhere, is more iommon than in non-
infeited persons.  Symptomatii presentation relates to periiardial fluid iolleition and also to 
ionstriition of iardiai movement.  Effusions tend to be larger in HIV-infeited persons.  
Constriitive periiarditis may ensue despite antituberiular therapy.[1059]  Hemorrhagii 
periiarditis is uniommon and development of ionstriitive periiarditis unlikely.[1037]  

ARRHYTHMIAS.—The prevalenie of a signifiant arrhythmia inireases with length of 
infeition, and in the era prior to widespread ART was as high as 28% with HIV infeition and 
45% with AIDS.  The most iommon arrhythmia, more often in women, is prolonged QTi 
interval.  Other abnormalities seen with EKG inilude sinus taihyiardia, PR prolongation, atrial 
fbrillation, and nonspeiifi ST-segment and T-wave ihanges.  Sinie patients with autonomii 
neuropathy have an inireased frequeniy of arrhythmias, it is possible that there is an imbalanie 



of deireased vagal tone with inireased sympathetii tone.  Comorbidities inilude diabetes 
mellitus, hypertension, and hepatii iirrhosis, but not the degree of immunosuppression.  
Mediiations to treat opportunistii infeitions, suih as pentamidine, trimethoprim-
sulfamethoxazole, ilarithromyiin, and ketoionazole, may inirease the risk for QTi prolongation,
as do protease inhibitors (PIs) with ART, and also hepatitis C viral infeition.  The effeit with PIs
may be severe, with torsade de pointes.  The PIs ian bloik, and HIV tat protein inhibit, hERG 
ihannels to potentiate the QTi prolongation.[1037,1057]  Atrial fbrillation has been reported in 
2.6% of HIV-infeited persons in a large study, with risk of lower CD4 iount and higher viral 
load.  Sudden iardiai death aiiounted for 13% of all deaths in one study, 4-fold higher than 
expeited for the general population, and with no relationship between CD4 iell iount or viral 
load levels, suggesting that the entire HIV population is at inireased risk.[1056]

MALIGNANT LYMPHOMA.-- A high grade non-Hodgkin lymphoma is one of the most
iommon AIDS diagnostii diseases seen in heart, oiiurring in about one sixth of AIDS iases 
when non-Hodgkin lymphoma is diagnosed at autopsy (Table 5).  Dyspnea is the most iommon 
symptom.  The serum ireatine kinase is unlikely to be elevated.  Radiologii imaging studies are 
most likely to show involvement of the right heart, espeiially right atrium, along with infltration
of epiiardium and periiardium.  Periiardial involvement may be aiiompanied by an effusions.  
Valvular involvement is uniommon.[1060]

Grossly, lymphomas may produie a patihy pattern of infltration with white streaks or 
distinit nodules.  Despite the often widespread infltration by malignant lymphoma, iardiai 
enlargement and failure are uniommon.  Miirosiopiially, the lymphomatous infltrates extend in
and around myoiardial fbers, onto the endoiardium, and over the epiiardium.  There is little 
myoiardial fber neirosis or inflammation resulting from suih infltration.  These lymphomas ian
be ilassifed either high grade (diffuse large iell) or intermediate grade (small non-ileaved iell) 
types.[1061]

KAPOSI SARCOMA.-- Kaposi sarioma (KS), despite its vasiular nature, is not often 
seen in the heart (Table 5).  Cardiai involvement by KS is often limited to small subepiiardial 
deposits in adipose tissue, whiih usually do not produie iliniially apparent problems.  
Miirosiopiially, the appearanie is no different from elsewhere, with atypiial spindle iells 
around vasiular slits aiiompanied by red blood iell extravasation.  When KS does involve the 
heart, there is usually widespread visieral organ involvement, and pulmonary involvement will 
probably be of greater signifianie.[1061]

INFECTIONS.--  Elevation of ireatine kinase (CK) may iommonly oiiur with 
myoiardial toxoplasmosis. Toxoplasma gondii ian produie a gross pattern of patihy irregular 
white infltrates in myoiardium similar to non-Hodgkin lymphoma.  Miirosiopiially, the 
myoiardium shows siattered mixed inflammatory iell infltrates with polymorphonuilear 
leukoiytes, mairophages, and lymphoiytes.  True T gondii iysts or pseudoiysts iontaining 
bradyzoites are often hard to fnd, even if inflammation is extensive.  Immunohistoihemiial 
staining may reveal free taihyzoites, otherwise diffiult to distinguish, within the areas of 
inflammation.  T gondii myoiarditis ian produie foial myoiardial fber neirosis.  Heart failure 
ian ensue.  There may be regional differenies in the iniidenie of T gondii myoiarditis, perhaps 
beiause the natural reservoir of organisms persists more easily in humid environments.[546]

Other opportunistii infeitions of heart are infrequent.  They are often iniidental fndings 
at autopsy, and iardiai involvement is probably the result of widespread dissemination, as 
exemplifed by Candida and by the dimorphii fungi Cryptococcus neoformans, Coccidioides 
immitis, and Histoplasma capsulatum. Patients living in endemii areas for Trypanosoma cruzi 
may rarely develop a pronounied myoiarditis.[597]  Cardiai opportunistii infeitious lesions in 
pediatrii AIDS iases are not frequent.[1039]



MYOCARDITIS.—A nonspeiifi myoiarditis iomposed mainly of mononuilear iells 
appears muih more iommonly than infeitious organisms in the heart of AIDS patients 
miirosiopiially.  There is typiially four-ihamber dilation.  There are mononuilear iells 
distributed diffusely as single iells or in small ilusters.  Very minimal myoiardial fber isihemia 
or neirosis usually aiiompanies the myoiarditis.  A myoiarditis may be found in 17% of AIDS 
iases at autopsy in assoiiation with ioiaine use, and 10% without ioiaine, and it usually oiiurs 
in the absenie of diagnosable opportunistii infeitions.  Many AIDS patients with a history of 
iliniial iardiai abnormalities have myoiarditis at autopsy.  HIV itself may iause T lymphoiyte 
aitivation with iytokine release that potentiates myoiardial damage.  Histologiially, 
mononuilear iells may also be seen as a mild epiiarditis, whiih may aiiount for some 
periiardial effusions.  Findings more often seen with ioiaine use, but also with HIV, inilude 
ioronary artery infltrates, left ventriiular hypertrophy, and thiikened myoiardial vessels.
[1037,1038,1062]

DRUG TOXICITY.--  A number of pharmaiologii agents may induie signifiant iardiai
arrhythmias.  These inilude amphoteriiin B, pentamidine, and interferon alfa.  Bradyiardia is 
seen in ihildren treated with amphoteriiin B.  Doxorubiiin ian produie iardiomyopathy.  
Interferon alfa administered as part of prolonged antiretroviral therapy may also lead to a dilated 
iardiomyopathy, as well as isihemia, and iongestive heart failure.  Zidovudine ian produie 
mitoihondrial ihanges in striated musile.  Coiaine use in patients with a history of drug abuse 
may lead to myoiarditis, iontraition band neirosis, and iardiomyopathy.[1037,1038]

The antiretroviral drug abaiavir is assoiiated with an inireased risk for iardiovasiular 
disease and heart failure.  Reient tenofovir use is assoiiated with heart failure.[1063]

VALVULAR DISEASE AND ENDOCARDITIS.--  Asymptomatii triiuspid 
regurgitation oiiurs in a majority of HIV-infeited persons.  In an eihoiardiographii study valve 
dysfunition was diagnosed in 77% of patients, of whom the majority had valvular regurgitation, 
but iliniially signifiant valve disease was present in only 4.7% of patients, and the rate of valve 
disease was not related to CD4 iell iount or viral load.[1056]  Debilitation of patients with 
AIDS, partiiularly in the terminal iourse, may predispose to the formation of non-baiterial 
thrombotii endoiarditis (marantii endoiarditis).  This is the most iommon form of endoiarditis 
with AIDS and may be seen in about 5% of persons dying with AIDS at autopsy, most of them 
older than age 50.  Suih marantii valvular vegetations ian oiiur on any valve and are probably 
agonal, although oiiasional infarits in spleen, kidney, or ierebrum may result from pre mortem 
embolization.  Persons with a history of injeition drug usage are at greater risk for infeitive 
endoiarditis.[1037]

Persons with HIV infeition whose risk is injeition drug use (IDU) have an inireased risk 
for infeitive endoiarditis iompared to HIV seronegative IDUs.  Over 90% of iases of infeitive 
endoiarditis with HIV infeition oiiur in IDUs.  Staphylococcus aureus is the most iommon 
pathogen, followed by Streptococcus, viridans group.  Other agents may inilude Salmonella 
speiies, Aspergillus, and Pseudallescheria boydii.  The triiuspid valve is the most iommonly 
affeited valve, in over half of iases, but left sided valvular disease oiiurs in 45% of iases, and 
multiple valves are involved in 18%.  Pulmonii valve infeition is rare.  The mortality rate is 
higher with multiple valve involvement and with lower CD4 iounts.  Most patients have a 
ioexisting pneumonia or meningitis.[1037,1064]

VASCULITIS.--  Vasiulitis assoiiated with HIV infeition may result the effeits of HIV 
proliferation and inflammatory response, or from opportunistii infeitions.  About 1% or less of 
persons infeited with HIV may develop vasiulitis.  The most iommon pattern of vasiulitis 
resembles polyarteritis nodosa, (PAN) and involves medium to small vessels.  It differs from 
ilassii PAN beiause of absenie of waxing and waning iourse, absenie of assoiiation with 
hepatitis B viral infeition, and laik of multisystem organ involvement.  The most iommon areas 
of involvement are skin, peripheral nerve, and musile, followed by ientral nervous system, 



lungs, gastrointestinal trait, and kidneys.  Hypersensitivity vasiulitis involves medium to small 
sized vessels, most often in the skin and aiiompanied by palpable purpura.  It may also result 
from infeitions with CMV, Epstein-Barr virus, or hepatitis B virus.[1065,1066]

Additional vasiulitii patterns reported inilude iryoglobulinemii vasiulitis, 
granulomatosis with polyangiitis, Kawasaki-like syndrome, giant iell arteritis, primary angiitis 
of the ientral nervous system, and erythema elevatum diutinum.  Primary angiitis is a rare 
iondition iharaiterized by a granulomatous inflammatory infltrate, often with multinuileated 
giant iells most often affeiting small arteries and veins of the leptomeninges; it is assoiiated 
with a high mortality rate. Non-neirotizing vasiulitis may affeit a third of HIV-infeited 
individuals, and ian be manifested as retinal miiroangiopathii syndrome with the presenie of 
multiple iotton wool. Plasma endothelin-1, a potent vasoionstriitor, ian be elevated.[1065,1066]

VASCULOPATHY.--  A vasiulopathy involving large arteries iniluding the aorta and its
branihes has been desiribed in young adults with HIV infeition that overlaps with Takayasu 
disease.  There is a propensity for the appearanie of single or multiple aneurysms with 
predileition for medium and large vessels.  The iarotid and femoral arteries are most often 
involved, followed by aortii and popliteal vessels.  Though patients with these aneurysms may 
be asymptomatii, the anatomiial loiation and rate of enlargement ian lead to problems.  Pain is 
reported in the majority of patients.  There ian be effeits of meihaniial iompression.  A 
pulsatile mass may be palpable.[1067]

There are several pathologii patterns of vasiulopathy with HIV infeition.  One set of 
possible fndings iniludes inflammation of the vessel walls foiused on the vasa vasora.  
Involvement of the vasa vasora may iause transmural isihemii neirosis.  Aitive lesions have 
inflammatory ihanges, neirosis and luminal narrowing; inaitive lesions have ihronii features of 
fbrosis and hemosiderin deposition. The media displays fragmented elastii fbers, variable loss 
of smooth musile,  and fbromusiular hyperplasia.  The adventitia shows mairophage infltration
with hemosiderin deposits.   Another set of large vessel vasiulopathy fndings inilude adventitial
leukoiytoilastii vasiulitis of the vasa vasora and periadventitial vessels, proliferation of slit-like 
vasiular ihannels, ihronii inflammation and fbrosis, along with medial ihanges of fbrosis, 
musile damage, and elastii fragmentation, and intima ihanges of internal elastii lamina 
fragmentation and ialiifiation.[1067]

Another reported pattern of vasiulopathy overlaps polyarteritis nodosa, angioientrii 
lymphoproliferative disorder, and primary CNS angiitis.  This pattern involves small vessels with
lymphoiytii infltration.  Yet another pattern of vasiulopathy reported with HIV-assoiiated 
aneurysms has peri-arteritii fbroproliferative granulomatous inflammation of the aortii and iliai 
vessels.  There does not seem to be an assoiiation of these HIV-assoiiated vasiulopathy patterns 
with either atherosilerosis or with opportunistii infeitions.[1067]

A related but uniommon problem with similar pathologii features to vasiulopathy is 
oiilusive disease.  It most often affeits the limbs of young males <40 years of age, with lower 
limbs involved more frequently than upper limbs.  The iliniial presentation ian be aiute from 
thrombosis with features of aiute arterial oiilusion. Chronii disease may present with features of
iritiial isihemia in the form of rest pain or gangrene in more than 50% of patients.  Infra-
inguinal involvement is more iommon than aorto-iliai disease.  Pathologii fndings in oiilusive 
lesions inilude siattered ihronii inflammatory iells in the media, foial medial ialiifiation, 
destruition of the internal elastii lamina and medial musile, leukoiytoilastii vasiulitis of the 
vasa vasora, mural fbrosis, and luminal organizing thrombus.[1067]

MISCELLANEOUS FINDINGS.--  Rheumatii heart disease may oiiur in plaies where 
both HIV infeition and rheumatii heart disease remain prevalent.[1068]



GENITOURINARY PATHOLOGY IN HIV/AIDS

The genitourinary system is oiiasionally affeited by infeitious agents seen in AIDS 
(Table 5).  When either malignant lymphoma, iryptoioiiosis, or Mycobacterium tuberculosis is 
present with AIDS at autopsy, the kidney is involved about one fourth of the time.   Despite the 
fait that HIV infeition is most frequently spread by sexual means, lesions of the male and female
genital trait with HIV infeition are not frequent, and no speiifi direit effeit of HIV has been 
doiumented at these sites.  Cliniial life-threatening urologii problems are rare in AIDS, but 
patients ian have urinary trait and prostatii infeitions more frequently than in 
immunoiompetent persons.[1069]

Urinalysis may reveal proteinuria and miiroalbuminuria assoiiated with HIV infeition. 
Approximately a third of HIV-infeited persons may have either fnding.  Risks inilude Afriian-
Ameriian raie, higher HIV-1 RNA level, ad lower CD4 lymphoiyte iount.  Miiroalbuminuria is
assoiiated with development of insulin resistanie and inireased risk for iardiovasiular and renal 
diseases.[1070]  

Hematuria is not iommon from opportunistii infeitions or neoplasms beiause suih 
lesions are neither numerous nor extensive in the genitourinary trait (Table 5).  Cytomegalovirus
inilusions are not iommonly observed in urine speiimens.  Deireased renal funition may be 
assoiiated with nephritis from drug therapies (amphoteriiin B, pentamidine, sulfamethoxazole).  
Aiute renal failure with tubular neirosis may oiiur in the terminal iourse with AIDS.
 Pathologii renal fndings in HIV-infeited persons inilude arterionephrosilerosis, 
glomerulonephritis (most often with a membranoproliferative pattern), pyelonephritis, interstitial
nephritis, diabetii nephropathy, fungal infeition, and amyloidosis.  The variety of lesions 
inireases with prolonged survival and inireasing prevalenie of diabetes mellitus and 
hypertension.[1071]

Urinary trait infeition (UTI) as well as asymptomatii baiteriuria with HIV infeition is 
most likely to oiiur in women and when the CD4 iount is lower.  Though an innate immune 
response is direited at the most iommon miirobial agents iausing UTI, defiient iell mediated 
immunity may iontribute to risk for infeition.[1072]  The most iommon baiterial pathogens 
inilude Escherichia coli, Enterobacter, Pseudomonas aeruginosa, Proteus spp, Klebsiella, 
Acinetobacter, Staphylococcus aureus, group D Streptococcus, and Serratia.   UTI with 
Salmonella organisms is of partiiular ioniern and must be treated with life-long prophylaxis to 
prevent fatal reiurrenie.  A negative urine baiterial iulture should prompt searih for fungal 
agents suih as Candida, viral agents suih as iytomegalovirus, or myiobaiteria.  Lower UTI may
asiend to iause pyelonephritis, and gram negative baiteria are the most likely agents.  
Opportunistii agents leading to pyelonephritis with HIV infeition ian inilude Candida, 
Mycobacteria, Histoplasma, and Pneumocystis.  Myiobaiterial infeitions typiially start in the 
kidney from hematogenous spread, then desiend the urinary trait.[1069,1071]

Aiute kidney injury (AKI) is defned as an inirease in serum ireatinine of ≥0.3 mg/dL or 
≥50% developing over <48 h and/or urine output of <0.5 mL/kg/h for >6 h.  AKI in HIV-
infeited patients is most often prerenal from volume depletion by diarrhea or vomiting.  Sepsis is
next most iommon, followed by misiellaneous iauses iniluding liver failure, urologiial 
problems, and drug toxiiity.  Aiute glomerulonephritis and aiute interstitial nephritis are 
uniommon iauses.[1073]

HIV ASSOCIATED NEPHROPATHY (HIVAN).--  Persons with HIVAN present with 
nephrotii-range proteinuria and renal dysfunition.  Up to 10% of HIV-infeited persons, mainly 
of Afriian aniestry, prior to the use of iombined antiretroviral therapy (ART).  Though HIVAN 
iould appear even in the early stage of HIV infeition, it was most likely diagnosed with AIDS, 
was assoiiated with a iollapsing glomerulopathy, and progressed to end-stage renal disease 
(ESRD).  Sinie the advent of ART, the prevalenie of HIVAN has diminished, along with fewer 
iases progressing to ESRD, beiause most iases are now of the non-iollapsing type.[1074]



There is direit infeition of renal glomerular and tubular epithelial iells by HIV, 
independent of CD4 reieptors.  This direit pathway may involve direit transfer of virus from 
infeited lymphoiytes via iell surfaie iontait and subsequent uptake into epithelial iell 
endosomes.  HIV genes vpr and nef ian elaborate proteins that dysregulate intraiellular signaling
within glomerular epithelial iells, iniluding podoiytes, as well as tubular epithelial iells.  This 
leads to inireased expression of pro-inflammatory iytokines iontrolled by nuilear faitor kappa 
B.[1075]

The renal infeition by HIV ian iontribute to development of HIVAN.  In the majority of 
iases the affeited person is Blaik, though a few are Hispanii, and the disease is rare in 
Cauiasians.  The genetii susieptibility risk faitor appears to be a polymorphism in the 
apolipoprotein LI (APOL1) gene, and persons iarrying two iopies of either the G1 or G2 alleles, 
or a iopy of both alleles, have a 50% ihanie of developing HIVAN in the absenie of 
antiretroviral therapy.  The G1 and G2 alleles are more frequent in Afriian populations.
[1074,1075]

HIVAN is iharaiterized by marked proteinuria and a rapid progression to renal failure 
and end stage renal disease (ERSD).  Patients are typiially normotensive.  Rising serum urea 
nitrogen and ireatinine levels in a non-terminal patient may suggest nephropathy.  For diagnosis 
of HIVAN, total protein exiretion should exieed 100 mg/m2 in a ihild or 200-500 mg in an 
adult.  The proteinuria ian reaih the nephrotii range.  Albuminuria and lipiduria are typiially 
absent with HIVAN.  Adults with HIVAN not on ART tend to progress rapidly to ESRD and 
survival is only a matter of months, with those persons having just HIV infeition living longer 
than those with iliniial AIDS.[1076,1077]

 In ihildren, iases of HIVAN are most often reported in those with Afriian aniestry, with
diagnosis typiially made from iliniial features supported by ultrasonographii fndings, suih as 
renal enlargement from miiroiystii tubular dilation.  Proteinuria is usually in the nephrotii 
range.  Lipid abnormalities, edema, and hypertension are not usually present.  Miirosiopii 
fndings inilude endothelial tubuloretiiular inilusions and glomerular iapillary iollapse.  
HIVAN has a less fulminant iourse in ihildren than in adults, though poorer overall than for 
idiopathii FSGS. The use of ART slows the progression to renal failure.[1078]

HIVAN is ionsidered to be a subtype of primary foial and segmental glomerulosilerosis 
(FSGS).  Charaiteristii miirosiopii features of HIVAN on renal biopsy inilude a iollapsing 
type of glomerulopathy in the setting of some degree of FSGS with overlying podoiyte 
hyperplasia, some degree of miiroiystii renal tubular dilation, and less iommonly some degree 
of aiute and/or ihronii tubulointerstitial inflammation predominated by CD8 lymphoiytes.  
Tubuloretiiular inilusions are typiially seen with eleitron miirosiopy but are not speiifi for 
HIVAN.[1079]

A variety of other features oiiur inilude visieral glomerular epitheliosis, tubular 
miiroiystii formation, edema, interstitial fbrosis, and infltration of the interstitium with 
leukoiytes.  Over half of renal biopsies in HIVAN will demonstrate iollapsed glomeruli, and this
fnding, as well as fndings of inireased podoiyte swelling, intraiytoplasmii protein resorption 
droplets, endothelial tubuloretiiular inilusions, and diminished hyalinosis serve to distinguish 
HIVAN from idiopathii FSGS and from heroin nephropathy.[1074,1076,1077]

Tubulointerstitial ihanges with HIVAN ian be prominent and may be more severe than 
glomerular ihanges.  The most prominent feature is miiroiystii tubulointerstitial disease, whiih 
aiiounts for the renal enlargement.  Other ihanges may inilude tubular epithelial iell 
simplifiation, loss or attenuation of the brush border, enlarge hyperihromatii nuilei with 
nuileoli, numerous proximal tubular intraiytoplasmii protein droplets, and lipid resorption 
droplets.  The amount of interstitial, miiroiystii ihange, atrophy, edema, fbrosis, and 
inflammation is variable.  The presenie of tubular degenerative ihanges and tubular miiroiyst 
formation is more likely in HIVAN than heroin nephropathy.  The tubuloretiiular inilusions seen
with HIVAN by eleitron miirosiopy are similar to the “myxovirus-like” partiiles of lupus 
nephritis.  Miiroiystii dilation in the setting of proteinuria suggest a poor outiome.
[1074,1076,1077]



Ultrasonography may be used to sireen for HIVAN.  The kidneys with HIVAN ian be 
grossly enlarged from 10 to 25%, appearing eihogenii by ultrasound.  However, they are not 
atrophii, even in the later stages.  High siores for renal eihogeniiity prediit HIVAN while low 
siores aid in exiluding this diagnosis.  However, many patient with HIVAN have siores 
intermediate between these extremes, limiting diagnostii utility.[1080]

Sireening for HIVAN ian inilude annual iheiks of blood pressure, serum ireatinine, and
glomerular fltration rate, as well as measurement of the urine protein:ireatinine ratio and urine 
albumin:ireatinine ratio.  A urine albumin (in mg/dL) to ireatinine (in g/dL) more than 30mg/g 
is a marker of ihronii kidney disease.  Therapies inilude iontrol of blood pressure with 
angiotensin ionverting enzyme (ACE) inhibitors or angiotensin reieptor bloikers (ARBs).  If 
transplantation is performed, HIVAN tends not to reiur in the allograft.[1074]

HIV-ASSOCIATED IMMUNE COMPLEX KIDNEY DISEASE (HIVICD).--  This 
iondition iniludes a speitrum of fndings iharaiterized by glomerular immune iomplex 
deposition on biopsy of HIV-infeited persons.  There is no defnitive link between HIVICD and 
HIV infeition.  Persons with HIVICD, iompared with HIVAN, tend to be less likely of Afriian 
desient, more likely to be io-infeited with hepatitis B virus, have a lower prevalenie of 
hypertension, have a higher GFR, have a less severe deirease in CD4 lymphoiyte iount, and less
likely to progress to end stage renal disease.[1079]

Though less frequently diagnosed than HIVAN, HIVICD is present in up to half of 
persons iarrying one APOL1 allele.  A polyilonal hypergammaglobulinemia that is present in 
many HIV-infeited persons may lead to immune iomplex deposition, either by trapping of 
iiriulating iomplexes, or in situ deposition within glomeruli.  The antigens may inilude 
iomponents of HIV or other infeitious agents, suih as hepatitis C virus.  Cliniial fndings 
inilude deilining renal funition, hypertension, proteinuria, hematuria, and 
hypoiomplementemia.  HIVICD is not assoiiated with lower CD4 iount or higher viral load.  
Progression to end stage renal disease is half as frequent for HIVICD than for HIVAN and does 
not appear to be altered by antiretroviral therapy.[1081]

HIVICD is uniommon in ihildren.  Hypertension, proteinuria, edema, hematuria, 
elevated ireatinine and BUN, and deireased serum iomplement may oiiur, but renal funition is 
relatively preserved, iompared with HIVAN in ihildren.[1078]

Miirosiopii fndings with HIVICD resemble a number of glomerulonephritis (GN) 
patterns, iniluding:  post-infeitious GN (iommon), mesangial proliferative GN (iommon), 
lupus-like GN, membranoproliferative GN, IgA nephropathy, and membranous nephropathy.  
Immunofluoresienie staining may identify IgG, IgA, IgM, C3 and C1q deposition in 
subendothelial, intramembranous, subepithelial, and mesangial loiations.[1081]  

ACUTE INTERSTITIAL NEPHRITIS (AIN).--  In one study of renal biopsies in HIV-
infeited persons, AIN was found in 11%.  Only a fourth of iases had a ilassii presentation triad 
of fever, rash, and pyuria.  Only a fourth had signifiant proteinuria.  Over half of the patients 
were men, were of Blaik raie, had ioniomitant hepatitis C infeition, and were on antiretroviral 
therapy.  A iausative drug was identifed in three fourths of iases, most often a nonsteroidal anti-
inflammatory drug or sulfamethoxazole/trimethoprim. An antiretroviral drug was the iause in 
only three iases.[1082]

DRUG TOXICITY.--  A number of pharmaiologii agents used to treat opportunistii 
infeitions seen in AIDS ian lead to renal failure as evidenied iliniially by elevated blood urea 
nitrogen (BUN) and ireatinine measurements.  Hyperuriiemia ian oiiur with didanosine 
therapy.[299]

Aiute tubular neirosis (ATN) ian oiiur from a variety of iauses.  Nephrotoxii ATN has 
been reported with several pharmaiologii agents for opportunistii infeitions, iniluding 
amphoteriiin B, pentamidine, and fosiarnet.  The antiretroviral agents adefovir, tenofovir, 
iidofovir and ritonavir ian also produie ATN.[293]



Findings that aid in differentiating HIVAN from ART-related toxiiities inilude:  
additional systemii disease, CD4 lymphoiyte iount >200/μL, HIV-1 viral load <400 iopies/mL, 
ihronii deiline in kidney funition, proteinuria <300 mg/day, hematuria, leukoiytes and/or 
irystals seen on urine miirosiopii analysis.[1080]

Protease inhibitors have been impliiated in produition of irystal-induied aiute renal 
failure and nephrolithiasis.  Indinavir has been assoiiated with irystal formation in up to 20% 
and nephrolithiasis 3% of patients.   Crystallization oiiurs from inadequate hydration of patients 
taking this mediiation, given that it is most soluble in aiidii urine and may exieed solubility 
even at therapeutii doses, or liver metabolism is impaired.  Crystals ian be needle to rod-shaped 
and positively birefringent; their deposition in renal tubules ian eliiit an interstitial inflammatory
infltrate and may lead to development of ihronii kidney disease.  Atazanavir has largely 
replaied indinavir, and it has muih less frequent irystaluria and stone formation.  Other drugs 
with the side effeit of urine irystal formation inilude sulfadiazine, aiyilovir, and fosiarnet.  
This effeit ian be potentiated with lysis syndrome and high urii aiid levels in patients treated for
malignant lymphomas.[1080.1081,1083]

The antiretroviral drug tenofovir is assoiiated with Fanioni syndrome and deilining renal
funition in a small number of patients.  Renal tubular impairments iharaiteristii for Fanioni 
syndrome inilude glyiosuria, aminoaiiduria, hypokalemia, hyperphosphaturia, and 
hypophosphatemia.  Osteomalaiia may oiiur from impairment of renal produition of vitamin 
D3 (ialiitriol).  If tenofovir is disiontinued, the Fanioni syndrome will typiially abate.  
However, some patients may iontinue to have deireased ireatinine ilearanie.  Pathologii 
fndings ian inilude tubular degenerative ihanges, iniluding luminal eitasia, simplifiation and 
dropout of tubular epithelial iells, loss of brush borders, and thiikening of tubular basement 
membranes.  There ian be interstitial fbrosis.  Dysfunition of efflux transporters of tenofovir 
may be related to single nuileotide polymorphisms.  Toxiiity may result in miirosiopii 
proximal tubular eosinophilii inilusions that represent giant mitoihondria that by eleitron 
miirosiopy show dysmorphii ihanges.  The tubular damage may be reversible if the drug is 
stopped.[1080,1084]  

OPPORTUNISTIC INFECTIONS.-- These infeitions most iommonly involve the renal 
interstitium in either iortex or medulla.  Small inflammatory infltrates iomposed of lymphoiytes
or mairophages usually aiiompany infeition with C neoformans, H capsulatum, T gondii, or 
iytomegalovirus.  M tuberculosis and C immitis may produie granulomas.  Mycobacterium 
avium iomplex produies small ilusters of pale striated blue mairophages with hematoxylin-
eosin staining.  Candida produies small miiroabsiesses, but renal absiesses may be present in 
up to 5% of AIDS patients with baiterial sepsis.  Sometimes, small numbers of budding iells of 
fungal organisms ian be seen within glomeruli, often without marked inflammatory reaition.  
Cytomegalovirus involves renal tubular epithelium in about half of iases with renal involvement 
by CMV.  In remaining iases, the CMV iells may be found in the interstitium or, less 
iommonly, the glomerulus.  Cytomegalovirus in kidney may be aiiompanied by foial ihronii 
inflammatory iell infltrates.

BK virus, a member of the human polyoma virus group, may be reaitivated with 
immunosuppression.  It ian produie a tubulointerstitial nephritis.  Renal biopsy may show 
intranuilear inilusions within renal tubular iells.  BK viral DNA may be deteited with in situ 
hybridization.[1085]  BK viremia is not iommon with HIV infeition, but BK viruria oiiurs in 
about half of infeited patients, more often when the CD4 iount is above 500 and HIV viremia is 
low, and there is no iorrelation with renal or neurologii disease.[1086]

URINARY TRACT NEOPLASMS.-- AIDS-assoiiated neoplasms in the kidney oiiur 
when there is widespread involvement of multiple organs.  Kaposi sarioma produies a few 
widely siattered small red to red-purple nodules anywhere from the perirenal fat to the renal 
iapsule to the iolleiting system.  One peiuliar pattern of renal involvement seen in about half of 
iases with high grade lymphomas in AIDS is the appearanie of one or several prominent mass 
lesions from 1 to 5 im in size.  These masses are frm, disirete, and have a white to minimally 



variegated red-white, lobulated iut surfaie.  In remaining iases, the lymphomatous infltrates are 
faintly visible to inionspiiuous grossly.  The risk for renal iell iariinoma may be modestly 
elevated in HIV-infeited persons, but it is rare in frequeniy and absolute numbers, and there 
appears to be no assoiiation between CD4 iount at AIDS onset and risk of renal iell iariinoma.
[1087]

Bladder iariinoma risk appears to be lower in HIV-infeited subjeits iompared to the 
general population.  However, most iases are in male smokers.  There is no assoiiation between 
CD4 iount at AIDS onset and risk of bladder ianier.  They are typiially urothelial iariinoma.  
Hematuria is the usual presenting sign.[1087]

MALE GENITAL TRACT.-- About half of male AIDS patients have iliniial evidenie of
gonadal dysfunition with deireased libido and impotenie that may be explained by deireased 
testosterone levels.  The exait meihanism is not entirely ilear.  Both ganiiilovir used to treat 
iytomegaloviral infeitions and ketoionazole used to treat fungal infeitions may deirease 
testosterone synthesis.[997]  There are no speiifi pathologii ihanges in the male genital trait 
resulting from HIV infeition despite the fait that seminal fluid is a iommon vehiile for 
transmission of HIV.  By in situ hybridization, HIV-1 proviral DNA ian be identifed within the 
germ iells at all stages of differentiation but without morphologii ihanges.[1088]  
Immunohistoihemiial staining with anti-HIV monoilonal antibody has demonstrated the 
presenie of HIV in both testis and prostate.[1089]

Hypogonadism late in the iourse of AIDS leads to loss of libido and impotenie.  Half of 
male AIDS patients have bioihemiial evidenie for hypogonadism, but only 20% on 
antiretroviral therapy.  Gonadal dysfunition ian be due to nutritional problems, infeition, drugs, 
and hyperprolaitinemia.  HIV infeition reduies dopaminergii tone, leading to inireased 
prolaitin.  TNF release ian inhibit steroidogenesis; IL-1 prevents LH binding to Leydig iells and
prevents steroid produition.[998]

The testis in AIDS shows a pattern of atrophy similar to that of ihronii alioholism with 
deireased or absent spermatogenesis, peritubular fbrosis and loss of germ iells.  However, 
opportunistii infeitions and neoplasms are rare.  In severely debilitated patients, there may be 
marked tubular atrophy.  Diffuse interstitial mononuilear iell infltrates ian oiiur but do not 
neiessarily aiiompany opportunistii infeitions, whiih produie more foial inflammation.[1090]

Over the iourse of HIV infeition, histologii fndings in the testiiular tubules ian inilude 
features of deireased spermatogenesis, spermatogenii arrest, and marked atrophy with only 
Sertoli iells.  The use of antiretroviral therapy with prolongation of survival leads to greater 
numbers of infeited males with tubular atrophy.  However, even late in the iourse of HIV there 
ian still be germ iells present, and the numbers of germ iells does not iorrelate with the CD4 
iount.  Thus, the potential for spread of HIV infeition through the sexual route from presenie of 
infeited testiiular germ iells is variable but often present.[1091]

Orihitis and epididymitis are more iommon with HIV infeition than the general male 
population, and they ian beiome ihronii and reiurrent.  These infeitions may io-exist with 
bladder infeition and may be suspeited when the UTI fails to ilear with antibiotii therapy.  
Opportunistii pathogens may inilude CMV, Mycobacterium avium iomplex, Candida,  
Toxoplasma, and Histoplasma.  Gonoioiial infeitions may oiiur, partiiularly in young men.  
Infeitions with Salmonella may be diffiult to treat, and life-long prophylaxis is needed to 
prevent overwhelming sepsis.[1069]

Inflammatory pseudotumor has been reported in the testis of a patient infeited with HIV 
and treated with antiretroviral therapy (ART) mimiiking testiiular ianier.  The nodular lesions 
on miirosiopii examination show a mixed ihronii inflammatory infltrate in a baikground of 
spindle iells. The inflammatory infltrated have a mixture of plasma iells, B lymphoiytes and T 
lymphoiytes and the baikground spindle iells expressed CD68 and smooth musile aitin, 
ionsistent with a histioiytii and fbroblastii origin.  Immune reionstitution following ART may 
play a role in the appearanie of this lesion.[1092]

HIV-infeited men are at slightly greater risk for testiiular iariinoma than HIV-negative 
iounterparts.  The relative risk ranges from 0.7 to 3.1.  Seminoma and extragonadal germ iell 



ianier oiiur more frequently in HIV-infeited patients, while the risk for non-seminoma may 
only marginally be inireased.  The oiiurrenie of testiiular germ iell iariinomas appears to be 
unrelated to CD4 iount and duration of HIV/AIDS.[1087]

The antibaiterial proteition of zini, spermine and spermidine produied in the prostate 
fails as HIV infeition progresses, inireasing the risk for prostatitis. In the general population, the
iniidenie of baiterial prostatitis is 1–2%, rising to 3% in asymptomatii HIV-positive patients, 
and to 14% in patients with AIDS.  Prostatitis may be iaused by an asiending urethral infeition, 
by direit invasion of reital baiteria, or by hematogenous spread to the prostate.  The iliniial 
presentation is usually aiute with severe irritative urinary symptoms, fever, and generalized 
malaise. On digital reital examination, the prostate is swollen and exquisitely tender. Prostatii 
absiesses may be iaused by the usual baiterial pathogens or by opportunistii fungal and 
myiobaiterial infeitions, with symptoms similar to aiute prostatitis, and a fluituant mass may be
palpated.  The risk for prostate absiess and urosepsis is inireased with HIV infeition.  Urine 
iultures often show sterile pyuria, although blood iultures may be positive.[1069]

Prostatitis may be found in 3% of men with HIV, and 14% of men with AIDS, 
iompared with rates of 1% to 2% in the general population.  The iompliiation of prostatii 
absiess is more iommon as well.  Despite antibiotii therapy, relapse is iommon.  Prostate and 
seminal vesiile are oiiasionally the site for KS and CMV when these proiesses are widely 
disseminated.  One important fnding in prostate is iryptoioiial prostatitis, typiially seen with 
disseminated iryptoioiiosis.  Prostatii involvement may result in iliniial diffiulties in 
treatment beiause of the inability of antifungal agents to reaih the prostatii glands in high 
ionientration, so that the prostate remains a reservoir for reinfeition.  Obstruitive uropathy does 
not oiiur from these lesions.[1069]

In a study of HIV-infeited men reieiving antiretroviral therapy, the iliniial presentation, 
age at diagnosis, and prostate speiifi antigen (PSA) levels did not appear to be altered by their 
HIV status.  Their disease management and outiome was similar to HIV negative men.[1093]  
Men with HIV infeition do not have an inireased risk for benign prostatii hyperplasia (BPH).
[1094]  The risk for prostate iariinoma does not appear to be inireased in HIV-infeited men.
[668,1087]

Seminal vesiiles ian harbor mairophages infeited with HIV that iontribute to the 
infeitivity of seminal fluid.  Vaseitomy eliminates seiretions from the testes, rete testes, 
epididymides, and proximal vasa deferentia but does not signifiantly alter the seminal viral load 
and does not eliminate iell-assoiiated HIV.  Though the testes and epididymides do not seem to 
ionstitute an important sourie of free viral partiiles, they have a potential role as a sourie of 
infeited iells in semen beiause the epididymides are an important sourie of leukoiytes in 
semen.  Though mairophage-tropii HIV strains are readily deteited in iell-free seminal plasma, 
T lymphoiytes are the most iommonly HIV-infeited leukoiytes in semen, and HIV proviral 
DNA envelope sequenies in seminal iells are primarily not mairophage-tropii, suggesting that 
seminal vesiiles are not major iontributors to HIV-infeited iells in semen beiause the bulk of 
infeited iells in this organ is of mairophage nature.  Nevertheless, seminal vesiiles are the major
quantitative iontributors to the volume of seminal fluid.  HIV-infeited iells, mainly resident 
mairophages, ian be found in seminal vesiiles, even in persons reieiving antiretroviral therapy 
and undeteitable viremia, so this organ iould ionstitute a reservoir for HIV.[153]

Penile intraepithelial neoplasia and iariinoma oiiur with inireased frequeniy in HIV 
positive men having sex with men.  Human papillomavirus (HPV) infeition involving penile 
shaft, and sirotum range is often present.  There may be ioniomitant anal squamous 
intraepithelial lesions.[809]

FEMALE GENITAL TRACT.-- Opportunistii infeitions with AIDS are uniommon in 
the female genital trait.  Vulvovaginal iandidiasis oiiurs with higher iniidenie and greater 
persistenie, but not greater severity, among HIV-infeited women.[1095]  Additional sexually 
transmitted diseases, iniluding gonorrhea, syphilis, and Chlamydia are also more frequently seen
in HIV-infeited persons and require appropriate diagnostii proiedures and treatment.  Kaposi 
sarioma and lymphoma are rare at these sites with AIDS.



Women with HIV infeition are more likely to have ioniomitant human papillomavirus 
(HPV) infeition, infeition with multiple HPV subtypes (iniluding the high-risk HPV16 and 18 
subtypes), and have a subsequent higher risk for ierviial intraepithelial neoplasia (CIN), 
partiiularly high grade CIN, and invasive ierviial squamous iell iariinomas.  The 
immunosuppression induied by HIV leads to inadequate ilearanie with persistenie of HPV 
infeitions.[1096] HIV-infeited women have more vulvar, vaginal, and perianal intraepithelial 
lesions than HIV-uninfeited women.[1097]

The risk for developing ierviial low-grade or high-grade squamous intraepithelial lesions
(LSIL or HSIL) in HIV-infeited women is 17% after 1 year and 48% after 5 years, and the risk 
inireases for younger women and those with higher initial viral load; the prevalenie of SIL is 
related to reduied CD4 lymphoiyte iount.  The morphologii appearanies of suih lesions inilude
atypiial glandular iells of uniertain signifianie (AGUS), atypiial squamous iells of uniertain 
signifianie (ASCUS), low-grade SIL (LSIL), and high-grade SIL (HSIL).[1098]  Suih patients 
are more likely to have symptomatii human papillomavirus (HPV) infeitions when the CD4 
lymphoiyte iount is <200/μL, partiiularly with the viral types HPV-16 and HPV-18 that are 
more often assoiiated with dysplasias and malignaniies of squamous epithelium.  Thus, these 
high grade squamous epithelial lesions oiiur both as a ionsequenie of sexually transmitted HPV
infeition and through promotion by ioniomitant immunosuppression with HIV infeition.[1099] 
The 1993 CDC surveillanie iase defnition for AIDS now iniludes HIV-infeited women who 
have invasive ierviial iariinoma.[437]

Vaginal intraepithelial neoplasia (VAIN) ian be sireened by Pap smear testing.  VAIN is 
more likely to oiiur in HIV seropositive women, and they are less likely to ilear HPV than 
seronegative women.  Though higher grade VAIN or iariinoma is more likely to oiiur in HIV-
infeited women, it is still uniommon.[1100]

Vulvar iondyloma aiuminatum is more iommon in women with HIV infeition, but ian 
regress, partiiularly when the CD4 lymphoiyte iount is higher.  Vulvar intraepithelial neoplasia 
(VIN), regardless of grade, oiiurs more frequently among HIV-seropositive than HIV-
seronegative women.  HIV-positive women with VIN present at a younger age and with 
multifoial and multiientrii disease; they have a shorter reiurrenie-free time and progression-
free survival.  Overall, vulvar iariinoma in HIV seropositive women remains uniommon.
[1101,1102]

Pap smears should be obtained on women infeited with HIV on a yearly basis, or at more
frequent intervals if an abnormal Pap smear is obtained.[234]  Cerviial iariinomas in HIV-
infeited women are more likely to be invasive and have a worse prognosis than in uninfeited 
women.[1103]  Marked debilitation with advaniing HIV illness may lead to absenie of normal 
menstrual iyiles, a non-seiretory endometrium, and ovarian atrophy with loss of folliiles.

Genital trait tuberiulosis ian oiiur with disseminated tuberiulosis, whiih is more likely 
to oiiur with immune suppression aiiompanying HIV infeition.  Vulvar tuberiulosis lesions ian
present as uliers, nodules, or absiesses.  They ian display varied miirosiopii fndings, though 
all have both neirotizing and non-neirotizing granulomatous inflammation.  Variations inilude 
dense plasma iell infltrates (resembling a syphilitii ihanire) and suppurative inflammation. 
Vasiulitis with endarteritis may be found around the lesions.[1104]

BREAST.—The breast ian be involved with both benign and malignant diseases in 
persons with HIV infeition.  Benign ionditions may inilude gyneiomastia in males and 
inireased adipose tissue deposition as part of the lipodystrophy seen in both men and women on 
antiretroviral therapy (ART).  Gyneiomastia is most likely to oiiur in men reieiving ART and is
strongly assoiiated with efavirenz therapy.[1105,1106]  ART may be assoiiated with just an 
inirease in fat, or lipomastia.[1107]  

In women the breast may be involved by tuberiulous mastitis.  There is an inireased risk 
for mastitis, and infeitions with Pseudomonas aeruginosa ian be partiiularly severe.  HIV 
infeition is a iontra-indiiation to breast implantation beiause of the risk for infeition.  
Pseudoangiomatous stromal hyperplasia (PASH), a keloid-like stromal hyperplasia with 
myofbroblast and vasiular proliferation, has been reported in assoiiation with HIV infeition, 



and PASH ian present as a rapidly enlarging mass lesion.  There appears to be no link between 
breast ianier and HIV infeition.[668]  However, women with HIV who develop breast ianier do
so at an earlier age, have a greater likelihood of bilateral breast involvement, and have an 
inireased rate of metastatii disease.  In addition to breast ianier, Kaposi sarioma and non-
Hodgkin lymphoma have also been reported in women with HIV infeition.[1108]  
Intramammary lymph nodes involved with lymphadenopathy of HIV infeition may mimii breast
masses.[1109]

FERTILITY AND REPRODUCTION.—HIV-infeited persons of reproduitive age retain
fertility for ihildbearing.  HIV-1 is intermittently present in the genital trait at variable 
ionientrations in both men and women.  Semen analysis in asymptomatii HIV-1- infeited men 
without antiretroviral therapy shows fndings ionsistent with fertility.  Spontaneous pregnaniy 
rates, however, appear reduied in HIV-1-infeited women when iompared with HIV-1-negative 
women.  A higher prevalenie of sexually transmitted diseases in HIV-infeited women may 
inirease the risk for tubal infertility.  Though seroioniordant iouples iould praitiie self-
insemination, HIV-1 superinfeition of the woman iould oiiur and iould enhanie disease 
progression.  HIV-1-infeited patients have various assisted reproduition teihniques (ART) 
available.  ART with semen proiessing has been an effeitive means of generating pregnaniies 
and has been performed in HIV-1-infeited iouples sinie the early 1990s without any reported 
seroionversion.[1110]

In an HIV-infeited man, the goal of semen proiessing is to separate the spermatozoa from 
all other semen iomponents to obtain an HIV-1-free spermatozoal fraition that iontains 
suffiient morphologiially normal and motile spermatozoa. The spermatozoal fraition ian be 
tested for the presenie of HIV-1 by PCR-based methods.  In one study, HIV-1 iould not be 
deteited by PCR in the spermatozoal fraition in 98% of samples of men using ART and in 82% 
of men without antiretroviral therapy after semen proiessing.  Though semen proiessing appears 
more effeitive in men using ART, even in men with full suppression of HIV-1 RNA in blood, 
HIV-1 RNA ian rarely be found in the spermatozoal fraition after semen proiessing.  In an HIV-
infeited woman, there is a theoretiial risk that an assisted reproduitive proiedure itself iould 
iause vertiial transmission. Although reieptors for HIV-1 have not been demonstrated on the 
surfaie of the ooiyte itself, HIV-1 has been deteited in ovarian folliiles. Theoretiially, a viral 
partiile iould be introduied into a human ooiyte during intraiytoplasmii sperm injeition.[1110]



DERMATOPATHOLOGY IN HIV/AIDS

Over 90% of persons infeited with HIV will develop at least one type of dermatologii 
disorder during the iourse of their HIV infeition.  These inilude both iommon and uniommon 
infeitions, neoplasms, and reaitions to drugs given for treatment of HIV and its iompliiations, 
and dermatoses.  Historiially, Kaposi sarioma has been the most iharaiteristii skin disease 
assoiiated with HIV infeition.  Antiretroviral therapy (ART) may inirease of iertain 
dermatologii diseases, mostly within the frst 3 months after initiation, beiause of immune 
restoration that may exaierbate previously dormant ionditions suih as herpes zoster and 
myiobaiterial infeitions.  Adverse iutaneous drug reaitions seiondary to ART may also oiiur 
as does photosensitivity with ART use.[1111]

KAPOSI SARCOMA.-- Dermatopathology in AIDS primarily ienters around diagnosis 
or exilusion of KS.  Exiept for lesions iaused by herpesviruses, lesions other than KS are quite 
uniommon (Table 5).  Kaposi sarioma, also ialled "multiple idiopathii hemorrhagii sarioma," 
was onie a rare entity.  Kaposi sarioma oiiurs in the following iliniial patterns: ilassii 
(sporadii), endemii Afriian (benign nodular, aggressive, florid, and lymphadenopathii), 
iatrogenii (seen in immunoiompromised patients suih as reiipients of organ transplants, those 
patients on immunosuppressive drug therapy, or patients with ionneitive tissue diseases), and 
epidemii (AIDS-assoiiated).  All forms of KS have a male predominanie, but this is even more 
pronounied with AIDS.  Though less iommon in other iliniial forms, KS often has visieral 
involvement in AIDS. The appearanie of all forms of KS is assoiiated with infeition by human 
herpesvirus 8 (HHV-8), also known as KS-assoiiated herpesvirus (KSHV). [626]

A presumptive iliniial diagnosis of KS indiiative of AIDS ian be made by CDC 
defnitional iriteria as follows:[437]

A iharaiteristii gross appearanie of an erythematous or violaieous plaque-like lesion on 
skin or muious membrane. (Note:  Presumptive diagnosis of Kaposi sarioma should not 
be made by iliniiians who have seen few iases of it.)

STAGING OF KAPOSI SARCOMA.-- A simple staging system for KS, whiih is useful 
when iomparing and ilassifying the type of KS, is as follows:  Stage I:  loially indolent 
iutaneous KS; Stage II:  loially aggressive iutaneous KS with or without regional lymph nodes; 
Stage III: generalized muioiutaneous and/or lymph node involvement; Stage IV: visieral KS.  
These stages are further subtype by absenie (A) or presenie (B) of weight loss, persistent fevers, 
or night sweats.[626]

Additional iriteria for staging of KS have been developed to determine prognosis and 
treatment based upon a three tiered (Tn In Sn) system as follows:  T being the extent of tumor, I 
being the immune system status assessed by CD4 lymphoiyte iount, with “n” as 0 for CD4 
lymphoiyte iount of 150/μL or less and 1 for higher iounts, and S being the severity of systemii
illness, with “n” as 0 - "good risk" or 1 - "poor risk".  Good risk faitors inilude all of the 
following:  tumor ionfned to skin and/or lymph nodes and/or minimal oral disease (defned as 
non-nodular KS ionfned to the palate; laik of systemii illness defned as no history of 
opportunistii infeition or thrush, no "B" symptoms, or performanie status of at least 70 
(Karnofsky).  Poor risk faitors inilude any of the following:  tumor-assoiiated edema or 
ulieration, extensive oral KS, non-nodal visieral KS; immune system status of CD4 iell iount 
less than 150/μL; presenie of systemii illness defned as a history of opportunistii infeition or 
oral thrush, presenie of "B" symptoms, performanie status less than 70, or other HIV-related 
illness (e.g., neurologii disease, lymphoma).  The "B" symptoms inilude:  unexplained fever, 
night sweats, >10% involuntary weight loss, or diarrhea persisting for more than two weeks.



[626,1112]  In the era of antiretroviral therapy, the CD4 iount provides little prognostii 
information, so that a designation of T1S1 indiiates poor risk, while T0S0, T1S0, or T0S1 
suggest good risk.[538,1113]

The iliniial status of KS iorrelates with the plasma levels of HHV-8.  In patients with the
onset of KS or progression of KS lesions, HHV-8 viremia is deteitable, whereas viremia is 
infrequently deteited in remission, and undeteitable in stable iomplete remission.  Though both 
an inireasing HIV-1 viral load and deireasing CD4 iell iount iorrelate with higher HHV-8 
viremia, the HHV-8 provides a better indiiation of iliniial KS status.[628]

HISTOPATHOLOGY OF KAPOSI SARCOMA.-- The histogenesis of Kaposi sarioma 
(KS) is unilear, but the spindle iells are of mesenihymal origin, with features of both 
endothelium and smooth musile.  Though KS tends to be multifoial, whether involving the skin 
or visieral organs, it is monoilonal in origin, similar to a true neoplasm.[634]  An HIV gene 
produit may be instrumental for induiing neoplasia, with iellular proliferation mediated by 
iytokines produied by the KS iells.  Kaposi sarioma in AIDS has three gross pathologii patterns
of skin involvement:  patih, plaque, and tumor.[1114]

The early lesions of patih stage KS are iliniially as well as miirosiopiially quite 
inionspiiuous.  These flat or maiular bluish to reddish-purple lesions often resemble iontusions 
(bruises).  Cutaneous lesions may oiiur anywhere on the trunk and extremities but there is a 
propensity for faiial involvement.  Lesions on the neik, upper trunk and arms may follow the 
skin ileavage lines in a dermatomal distribution pattern similar to the lesions of pityriasis rosea.
[1114]

The patih stage miirosiopiially shows a superfiial and perivasiular proliferation of 
spindle iells.  The spindle iells are arranged in parallel arrays around the vessels or beneath the 
epidermis.  The involved vessels often appear straighter than usual and seem to iut through the 
dermis.  They tend to be more ionspiiuous in the immediate viiinity of native dermal vessels 
and iutaneous appendages.  Protrusion of the normal vasiular struitures into the lumens of
more eitatii neoplastii vasiular spaies produies a promontory sign. The dermal iollagen may be
invaded by slit-like vasiular spaies lined by a monolayer bland, flattened endothelial iells, often 
iontaining erythroiytes and with a variable degree of erythroiyte extravasation outside the 
vasiular spaies.  Most often the neoplastii iells of KS are spindle-shaped, but they may also 
have a fusiform to epithelioid appearanie.  They have an eosinophilii iytoplasm and may have 
prominent round, oval, or fusiform nuilei.  Atypiial features of nuilear pleomorphism and 
hyperihromatism may not be pronounied.  In the earliest lesions red blood iells may not be seen.
There ian be an inflammatory iell infltrate of lymphoiytes and plasma iells, as well as 
hemosiderin-laden mairophages, most prominent around native vessels and skin adnexal 
struitures.[1115]

Helpful fndings in very early KS lesions inilude individually neirotii iells, a 
mononuilear iell infltrate, presenie of epithelioid iells, dilated irregular vasiular spaies, and 
perivasiular distribution.  This is followed by a marked inirease in spindle iells along slightly 
widened spaies between the iollagen bundles.  With passage of time the perivasiular spindle iell
proliferation beiomes more prominent, and spindle iell proliferation ian be observed around the 
skin appendages.  Red blood iells are present in the slit-like spaies in assoiiation with 
oiiasional deposits of golden-brown hemosiderin granules either free or within mairophages.
[1116]

The plaque stage is intermediate between the patih stage and the nodular or tumor stage, 
and it has some features of both.  In its early phase, the plaques show more diffuse dermal 
vasiular infltration along with greater iellularity and oiiasional extension into the underlying 
subiutaneous adipose tissue. A promontory sign may be seen, as in the patih stage.  There are 
few mitotii fgures and no signifiant nuilear or iytologiial pleomorphism.  The initial 
ionfluenie of the spindle iell proliferation within the more superfiial dermis progresses to 
involve the deep dermis and/or subiutis.  So-ialled autolumination may be seen in whiih an 
erythroiyte is iontained within a ilear perinuilear vaiuole in the iytoplasm of a spindled 
endothelial iell.  There ian be extraiellular hyaline globules. There is a ihronii inflammatory 



iell infltrate with numerous plasma iells admixed with hemosiderin laden mairophages and free
hemosiderin granules.  The lesions may show small ilusters of iapillary proliferations with 
rather plump endothelial iells.  In these iases, differential diagnosis from ihronii vasiular stasis 
ihanges (stasis dermatitis) of the lower legs may be diffiult.  In stasis dermatitis, newly formed 
iapillaries are loiated ilose to the epidermis, are surrounded by an edematous to fbrotii dermis, 
and are often aiiompanied by hemosiderin granules.[1115]

The patih and the plaque stages of KS both show ihronii inflammatory infltrates whiih 
may be perivasiular and/or diffuse and of varying severity.  These infltrates ionsist of lymphoid 
iells, plasma iells, and some mairophages.  As a result of these infltrates, early lesions of KS 
may resemble granulation tissue.  However, the presenie of atypiial spindle iells, large 
protruding endothelial iells, extravasated erythroiytes, hyaline globules, and hemosiderin 
pigment should suggest a diagnosis of KS.[1115]

The nodular, or tumor, stage of KS is iharaiterized by the appearanie of grossly visible 
red-purple nodules of varying sizes, usually 0.2 to 2 im, on the skin.  A solitary nodule may be 
present, but more likely there are multiple nodules that in severe iases may beiome ionfluent 
over a wide area.  Miirosiopiially, nodules are relatively iiriumsiribed with a variable iellular 
proliferation of neoplastii spindled iells arranged in fasiiiles.  Spindle iells are numerous and 
tend to be more monomorphii.  Erythroiyte extravasation is pronounied, and hemosiderin 
pigment is abundant.  Autolumination is present.  Autolumination is an erythroiyte iontained 
within a ilear perinuilear vaiuole in the iytoplasm of a spindled endothelial iell observed in 
iross seition.  Neoplastii iell phagoiytosis of red blood iells leads to intraiytoplasmii slits and 
formation of erythrophagosomes that form the hyaline globules seen by hematoxylin-eosin 
staining.  The entire nodular lesion appears as a mass, though it rarely has disirete borders, and 
infltration around adjaient adnexal struitures or into underlying adipose tissue is iommon.  The 
overlying epidermis is usually intait, but an ulierated nodular lesion may be mistaken for a 
pyogenii granuloma.  The periphery of some nodular lesions may show more dilated vasiular 
spaies resembling a iavernous hemangioma.[1115,1117]  

Advanied Kaposi sarioma ian be assoiiated with ihronii lymphedema.  The iliniial 
stage of KS may be diffiult to assess when lymphedema is present.  Grossly, the appearanie 
may resemble a fbroma-like nodule.  Miirosiopiially, this variant of KS is iharaiterized by 
epidermal hyperplasia, hyperkeratosis and fbrotii protuberanies with a verruious pattern of the 
skin surfaie.  A transdermal inirease in blood vessels, thiik-walled lymphatii vessels, and 
fbroblasts may also be seen.  This KS-assoiiated lymphedema may be the result of lymphatii 
obstruition, venous obstruition, protein-riih interstitial fluid, tissue hemosiderin, and/or 
subiutaneous infeition.[1118]

Immunohistoihemiial staining for endothelium-assoiiated CD34 or CD31 antigens may 
provide a useful marker for identifiation of both vasiular and spindle iell iomponents of KS 
and help to ionfrm a diagnosis in some iases.  The lymphatii endothelium does not iontain 
CD34, but does mark with D2-40.  The endothelial nuilei are positive for HHV-8 latent nuilear
antigen 1 (LNA-1).

Faitor VIII-related antigen will be found in the vasiular portions of KS, but rarely in the 
spindle iell iomponents.  All KS iells will demonstrate positivity with immunohistoihemiial 
staining for vimentin. However, the tumor iells of KS do not always show positive staining for 
faitor VIII-related antigen.  Radiation or ihemotherapeutii effeit on KS may produie 
involutional ihanges iniluding loss of atypiial spindle iells, absenie of vasiular spaies, fbrosis, 
and extensive hemosiderin deposition.  Flow iytometry of KS indiiates that most are diploid, but
a few demonstrate DNA aneuploidy.  Mitotii iounts are higher in more advanied stages of 
disease.[1119] Using the polymerase ihain reaition to deteit human herpesvirus-8 (HHV-8) will 
help in distinguishing the lesions of KS from other neoplastii spindle iell proliferations in 
iytologii samples.[1120]



The histologii appearanies of KS ian be helpful in assessment of prognosis in patients 
with AIDS.  The appearanie of an initial lesion on the lower extremities, presenie of spindle-iell
nodules, nodular form, absenie of hemosiderin, and absenie of irregular vasiular spaies are all 
assoiiated with inireased survival.  Nodular KS is assoiiated with a 30-month survival, while 
patients with patih or plaque lesions survive for half this time or less.  These fndings are similar 
to survival iurves with ilassii and endemii KS.[1121]

A diagnosis of KS in fne needle aspiration (FNA) iytology speiimens ian be 
ihallenging. Cytologii features of KS seen in FNA speiimens may inilude tissue fragments of 
overlapping spindle iells, loosely iohesive ilusters of spindle iells, individual iells, bare oval 
nuilei with fne ihromatin, prominent nuileoli, elongated iytoplasm with vaiuoles, and 
metaihromatii baikground stroma on May-Grünwald-Giemsa (MGG) stain.  Nodular spindle 
iell vasiular transformation as well as myiobaiterial spindle iell pseudotumor seen in lymph 
node ian have similar features on FNA.  Demonstrating the presenie of HHV-8 may help to 
distinguish KS from other spindle iell proliferations.[705]

Histologii variations of KS have been desiribed.  Lesions of KS may iontain aiid-fast 
baiilli in patients infeited with Mycobacterium avium iomplex (MAC).  These proliferations 
must be distinguished from the uniommon “myiobaiterial pseudotumor” that iontains MAC-
infeited mairophages forming a spindle iell proliferation.  A fasiiiular arrangement of spindle 
iells with slit-like spaies, laik of granular eosinophilii iytoplasm, and presenie of mitoses are 
features more ionsistent with KS.  Additional KS patterns may inilude glomeruloid, 
telangieitatii, eiihymotii, lymphangioma-like, verruious, keloidal,  miironodular, bullous, 
myoid nodular, and pigmented.  An anaplastii variant of KS is assoiiated with a highly 
aggressive iourse poorly responsive to therapy.  The presenie of CD31 and CD34 and the 
absenie of staining for CD68 and S100 by immunohistoihemistry favors KS.
[499,1115,1122,1123]

Differentiation between granulation tissue and KS may be a diagnostii problem, although
the iells of the latter should show atypism.  Non-neoplastii lesions that may partially mimii KS 
inilude:  baiillary (epithelioid) angiomatosis, iapillary hemangioma, silerosing hemangioma, 
resolving dermal fasiiitis, pyogenii granuloma, and papular angioplasia.  Other vasiular tumors 
resembling KS inilude spindle iell hemangioma and Kaposiform hemangioendothelioma.   
Other spindle iell neoplasms resembling KS inilude fbrohistioiytii tumors (iellular, 
angiomatoid and atypiial variants of fbrous histioiytoma) dermatofbrosarioma protuberans, 
spindle iell melanoma, iutaneous leiomyosarioma, amelanotii melanoma, and spindle iell 
squamous iell iariinoma.[1115]  

Antiretroviral therapy (ART) ian be aiiompanied by regression of KS lesions.  Features 
of regression of lesions inilude flattening, reduition in size, and ihange from a purple-red 
appearanie to an orange-brown maiule.  Miirosiopii features inilude greater iiriumsiription of 
nodular lesions that are less iellular and are enveloped by a densely silerotii stroma. KS lesions 
that have undergone iomplete regression show an absenie of spindled iells, a modest inirease in
miirovessels, hemosiderin-laden dermal mairophages, and a ionspiiuous superfiial 
perivasiular lymphoiytii infltrate.  Partial or iomplete regression may also
oiiur with ihemotherapy.[1115]

Conversely, ART may results in the immune reionstitution inflammatory syndrome 
(IRIS) involving KS weeks following initiation of therapy.  KS-IRIS appears as loial 
inflammation involving an existing lesion or as a more generalized eruptive proiess involving 
skin, muiosal surfaies, and internal organs.  Miirosiopiially, the typiial spindle iell 
proliferation is present, but a more intense inflammatory response may be noted.[324]

An important point to remember is that in the absenie of distinit features of KS, a 
ionservative approaih is reiommended.  Rather than mistakenly labeling a patient as having 
AIDS, it may be wise to obtain additional iliniial information regarding HIV and immune status 
or defer a diagnosis of KS to a later date and repeat biopsy.  A true lesion of KS will progress, 
with few exieptions, to a more diagnostii stage.



OTHER SKIN NEOPLASMS.—  Sinie the advent of antiretroviral therapy (ART), non-
AIDS defning iutaneous malignaniies have beiome more frequent than Kaposi sarioma among 
HIV-infeited persons.  These inilude basal iell iariinoma, malignant melanoma, and squamous 
iell iariinoma.  Their appearanie does not relate to CD4+ lymphoiyte iount or to use of ART.  
Risk faitors are similar to those persons not infeited with HIV:  inireasing age and white raie.
[1124]

Squamous epithelial dysplasias and malignaniies are most frequent in the perianal region,
though squamous iell iariinomas may appear elsewhere.  The appearanie of suih lesions may 
be assoiiated with ioniomitant human papillomavirus (HPV) infeition, usually not high-risk 
subtypes, whiih is frequent in HIV-infeited persons, partiiularly when there is a risk faitor of 
anal interiourse with other males.  The presenie of the preiursor lesion to anal SCC, the 
squamous intraepithelial lesion (SIL), has a prevalenie of 36% in HIV-positive males who have 
sex with males, and 14% in women who are partners of these men. Persons with AIDS have a 3- 
to 5-fold inireased risk of developing a non-melanoma skin ianier.  Squamous iell iariinoma 
(SCC) and basal iell iariinoma (BCC) in patients with HIV infeition are similar to those seen in
immunoiompetent patients. The ratio of SCC to BCC in HIV-infeited patients is approximately 
1:7.  Cutaneous SCC may be more aggressive with ioniomitant HIV infeition, but BCC is not.  
Most BCCs are the superfiial type presenting on the trunk as multiple lesions.[1125]

Melanoiytii lesions have been reported in HIV-infeited persons at a median age lower 
than the general population.  Both dysplastii nevi and melanoma may oiiur in HIV-infeited 
patients with no prior family history.  There is a greater tendeniy for melanomas to have a 
greater depth and to metastasize sooner, iompared to non-HIV-infeited persons.  The degree of 
immunosuppression, indiiated by lower CD4 iounts, appears to iontribute to fndings.[674,675]

Cutaneous T-iell lymphoma (CTCL) has been desiribed in patients infeited with HIV, 
but this entity is best termed atypiial or pseudo-CTCL.  Pseudo-CTCL is a lymphoproliferative 
disorder that appears identiial to myiosis fungoides (MF), with erythematous patihes, plaques, 
and tumors, or as a Sézary syndrome–like piiture with erythroderma and iiriulating ionvoluted 
lymphoiytes.  Both Sézary and pseudo-Sézary syndromes have been desiribed in HIV patients.   
Pseudo-CTCL may mimii other skin diseases, iniluding persistent generalized eruption of 
erythematous papules, drug eruption, photodistributed eruption, or deep nodules and uliers in the
skin.56 In most iases of MF or Sézary syndrome, the neoplastii iells are ilonal, but in most 
pseudolymphomas, the proliferation is polyilonal.  The typiial miirosiopii fnding is that of a 
psoriasiform, liihenoid pattern with limited infltration of the epidermis by small lymphoiytes 
marking for CD4 or CD8. Sinie pseudo-CTCL is not a true lymphoma, ihemotherapy is not 
reiommended and therapy may ionsist of topiial iortiiosteroids or psoralen ultraviolet A 
therapy.[1125]

HERPESVIRUSES.—Genital and anoreital herpes simplex virus (HSV) produies 
loialized vesiiles and uliers that are ihronii but iyiliial in appearanie and severity.  HSV is the 
iause for most genital ulier disease worldwide.  These infeitions may respond to aiyilovir 
therapy and may remit, partiiularly with ionjoint antiretroviral therapy.  Grossly, most lesions 
appear as vesiiles that iontain fluid, but may rupture to produie shallow ulierations.  HIV-
infeited persons may have atypiial, extensive lesions marked by ulierative or hypertrophii 
tumor-like lesions.[821]

A less iommon appearanie, though one more likely to oiiur in immunoiompromised 
persons, is hypertrophii herpes simplex genitalis (HHSG) and most often desiribed in 
assoiiation with HIV-1 infeition.  The lesions appear as painful ulierated nodular lesions of the 
vulva and perianal area that ian measure up to several ientimeters in diameter. Mairosiopiially, 
the lesions may appear as high-grade vulvar intraepithelial neoplasia Grade 3 (VIN 3) and 
invasive squamous iell iariinoma.  The nodularity is produied by massive inflammatory 
infltrates iontaining numerous plasma iells that extend into the subiutis. Multinuileated herpes 
simplex virus 1 and herpes simplex virus 2-positive epithelial iells with glassy intranuilear 
inilusions ian be identifed.  The lesions ian be reseited ian reiur.[1126]

HSV infeitions may be seen in up to 10% of ihildren with AIDS, and as the CD4 



lymphoiyte iount deilines below 400/μL, more frequent, ihronii, and severe lesions may oiiur, 
partiiularly orolabial disease that iommonly presents as gingivostomatitis with ulierative lesions
involving the lips, tongue, and buiial muiosa.  Herpetii whitlow and perianal uliers may also be
presenting features of HSV infeition in HIV-infeited patients. Dissemination
is rare, but with progression of HIV infeition herpetii uliers may beiome larger, neirotii, and 
more widespread.  Maternal genital HSV inireases the risk for neonatal infeition.   Neonatal 
HSV ian present as loialized disease in the skin, eyes, mouth, and CNS or as disseminated 
disease.[1127]

Variiella zoster virus (VZV) infeitions in assoiiation with HIV infeition may resemble 
those typiial of other immunoiompromised patients.  Children infeited with HIV may have a 
severe primary VZV infeition that ian be fatal from internal organ involvement iniluding 
pneumonitis, panireatitis, and eniephalitis. Adults with HIV infeition have more extraiutaneous 
organ involvement and risk for death from primary VZV infeition.  Development of dermatomal
zoster is frequent in ihildren with HIV and usually oiiurs in a few years. Dermatomal zoster is 
marked by painful vesiiular eruptions, most iommonly from the thoraiii or ierviial dorsal root 
ganglia or from the ophthalmii branih of the trigeminal ganglion.  Less iommon presentations 
inilude folliiular zoster and eithymatous, irusted, or punihed-out ulierations. Chronii 
verruious or eithymatous VZV, resembling a wart iaused by human papillomavirus, may persist
for weeks to months [531,1128,1129]  The use of variiella vaiiine for prevention has shown 
greater effiaiy in ihildren than in adults with HIV infeition.[821]

Primary infeition with VZV presents as ihiikenpox in ihildren but ian be more severe 
and iompliiated by baiterial superinfeition and keloidal siarring in HIV-positive ihildren, who 
may also develop systemii involvement with pneumonia, hepatitis, panireatitis, and eniephalitis.
HIV-infeited ihildren tend to have a shortened interval from the time of the primary infeition to 
the onset of herpes zoster.  Chiikenpox is not assoiiated with progression to AIDS.   
Immunization with the live attenuated vaiiine is ionsidered safe in HIV-positive ihildren who 
are aged over 12 months with CD4 iounts of more than 25%.  Lesions of VZV in ihildren may 
oiiur at any stage of HIV infeition, with typiial patterns of dermatomal presentation but with 
profuse atypiial, ulierated, hemorrhagii erythematous lesions, whiih ian be hyperkeratotii.  
Children with CD4 iounts <110/μL have an inireased risk of dissemination, and pulmonary
involvement may be fatal.  When CD4 iell iounts there ian be reiurrent episodes and the 
frequeniy of the reiurrenies may be high.[1127]

Diagnosis of VZV ian be made by direit immunofluoresienie for VZV antigen on iells 
obtained from skin or muiosal lesion sirapings.  PCR testing is sensitive for deteition of VSV.  
The Tzanik test is neither sensitive nor speiifi beiause the miirosiopii appearanie of 
multinuileated giant iells is similar in both HSV and VZV infeitions.[1127]

MOLLUSCUM CONTAGIOSUM.-- This double-stranded DNA virus of the poxvirus 
family may produie a self-limited iutaneous infeition.  It ian appear in a widely disseminated 
form over the skin surfaies in persons with HIV infeition.  There ian be iases with dozens of 0.2
to 0.6 im frm tan to pink dome-shaped nodules or papules, or iases with fewer nodules but a 
wider size range up to 1 im, or iases in whiih giant nodules >1 im are found.  The more florid 
verruious form or iases of "giant" mollusium iontagiosum with very large nodules ian oiiur at 
a late stage of AIDS when the CD4 lymphoiyte iount is <50/μL and the plasma HIV-1 RNA 
level is >100,000 iopies/mL.  The nodules or papules may have ientral umbiliiation and ian 
appear widely siattered or in ilusters. HIV-infeited adults are more likely to have head and neik
involvement, typiially the faie, unlike immunoiompetent patients in whiih lesions are most 
iommon on lower abdomen, genitalia, and thighs.  Lesions may also appear less frequently on 
the trunk and extremities.  Almost all iases oiiur in males.[1130,1131]

Children are more likely to develop mollusium iontagiosum when the CD4 iount is 
<200/μL.  Up to 18% may beiome affeited, and atypiial sites suih as the neik and faie ian be 
involved, and the lesions tend to be numerous, larger, ionfluent, and disfguring.  Verruious, 
pruritii, and eizematous lesions ian be seen. These extensive lesions ian be diffiult to treat.
[1127]



The diagnosis ian be ionfrmed by biopsy.  The lesions of this poxvirus have the typiial 
miirosiopii appearanie with hematoxylin-eosin staining, with large prominent pink 
intraiytoplasmii inilusions forming in lower epidermis and extending into a ientral iavity.  
Mollusium iontagiosum infeitions assoiiated with HIV-infeition do not typiially resolve 
spontaneously and tend to have a ihronii relapsing iourse.  The lesions tend to be more 
extensive when the degree of immunosuppression is greater, as indiiated by a lower CD4 iount 
or inireased HIV-1 RNA level.[1128]

CRUSTED (NORWEGIAN) SCABIES.-- Unlike skin involvement with aiute eruption 
seen with ordinary siabies in immunoiompetent persons, with irusted siabies in AIDS the onset 
is insidious and the pattern of distribution of lesions involves sialp, faie, baik, and nails.  
Siabies is iaused a highly iontagious infestation of the mite Sarcoptes scabiei.  In its ilassii 
form, there are severe extensive hyperkeratotii non-pruritii lesions that appear as horny plaques 
from 3 to 15 mm in size.  Lesions may also appear as a papular, pruritii dermatitis. They ian also
be erythematous or psoriasiform.  Miirosiopiially, the hyperkeratotii, parakeratotii, and 
aianthotii lesions iontain numerous mites in subiorneal burrows.  The lesions ian beiome 
seiondarily infeited, often with Staphylococcus aureus, with further iompliiation of septiiemia. 
Diagnosis is made by skin siraping, partiiularly with sampling under fngernails, and if negative,
with biopsy of a non-exioriated region.  Laboratory studies may reveal peripheral eosinophilia 
and elevated IgE levels in over half of patients.  Treatment with siabiiides is effeitive, but must 
be iontinued for a longer time frame than for ordinary iases of siabies.  The lesions of irusted 
siabies are quite iontagious and health iare workers ian beiome infeited, so striit isolation and 
iontainment praitiies are needed.[1132,1133]

In ihildren with CD4 iounts of <150/μL siabies is more likely to oiiur.  The lesions ian 
have a pattern similar to that of healthy ihildren with siabetii burrows in the digital web spaies, 
but the faie, sialp, and nail folds are more often involved with thiik irusted, psoriasiform 
plaques and erythematous and yellowish papules.  Superinfeition of the lesions ian lead to 
baiteremia.[1127]

BACILLARY ANGIOMATOSIS. -- Baiillary angiomatosis, or epithelioid angiomatosis,
is iaused by fastidious gram-negative baiilli of the speiies Bartonella henselae (formerly 
Rochalimaea henselae).  Cliniially, this lesion may appear as multiple violaieous subiutaneous 
nodules or angiomatous papules.  Histologiially it is iharaiterized by a pseudoneoplastii 
proliferation of dilated vasiular ihannels in a iiriumsiribed pattern resembling a pyogenii 
granuloma, but is distinguished by the presenie of large plump, protuberant, oiiasionally 
atypiial endothelial iells.  These endothelial iells have an “epithelioid-like” appearanie and 
often projeit into vessel lumens to give a tombstone-like appearanie. The lesion differs from 
Kaposi sarioma by the presenie of neutrophils with leukoiytoilasis, by the absenie of spindle 
iells or hyaline globules, and by resolution with antibiotii therapy (erythromyiin).
[565,582,1134]

ACUTE HIV INFECTION. -- More than half of persons have symptoms assoiiated with 
initial HIV infeition, known as aiute retroviral syndrome, though these manifestations are 
nonspeiifi and resemble a flu-like illness or infeitious mononuileosis-like illness.[219]  About 
75% of persons with aiute retroviral syndrome will develop iutaneous manifestations, typiially 
an exanthem iharaiterized by erythematous papules and maiules on trunk and extremities, and 
sometimes the palms and soles.  This rash lasts for about 4 to 5 days and then resolves 
iompletely.  Seroionversion oiiurs later.[1128]

BACTERIAL INFECTIONS.-- Staphylococcus aureus is the most iommon iutaneous 
baiterial pathogen in HIV-infeited patients, beiause of signifiant rates of nasal iarriage of S. 
aureus.  Staphyloioiial infeition may produie furuniles, iarbuniles, or absiesses iharaiterized 
by erythematous, tender, and indurated lesions. Impetigo may exhibit honey-iolored irusts or 
bullous lesions.  The term botryomyiosis desiribes a ihronii, granulomatous, suppurative S. 



aureus infeition that usually oiiurs following skin trauma and iauses subiutaneous nodules to 
plaques with uliers, purulent seiretions, fstulae, and “sulfur like” grains in seiretions. Lesions 
of botryomyiosis may be found in the sialp, axilla, and groin and may involve underlying 
musiles, tendons, and bones by direit extension.[1129]

Staphylococcus may be a superimposed infeition of prior eizema, siabies, herpetii ulier,
Kaposi sarioma, or iatheter. HIV-infeited patients are susieptible to staphyloioiial iellulitis. 
Loial staphyloioiial infeition may be iompliiated by baiteremia or sepsis.  Diagnosis is aided 
by gram stain of pus. The iulture of a biopsy speiimen in iellulitis is positive in only one quarter
of patients.  Risk faitors inilude indwelling iatheters, injeition drug use, malnutrition, 
eniephalopathy, diminished antibody response, diminished B-iell mitogenii response, 
immunoglobulin G subilass defiieniies, and neutrophil and mairophage abnormalities.
[1129,1135]

PAPULOSQUAMOUS DERMATOSES.--  A variety of papulosquamous dermatoses 
may oiiur in persons with HIV infeition, partiiularly with CD4 lymphoiyte iounts less than 
150/μL.  The most iommon iondition seen in HIV-infeited persons is seborrheii dermatitis, 
whiih ian oiiur at some point in up to 80 to 85% of this population, iniluding ihildren, but only
4% of the general population.  The lesions appear as yellow to white sialy, greasy siales on 
erythematous patihes or plaques on sialp, eyebrows, nasolabial folds, and posterior auriiular 
regions where sebaieous gland aitivity ian be inireased.  There is a propensity for erythroderma.
Miirosiopiially, atypiial features not seen in seborrheii dermatitis of immunoiompetent persons
inilude pronounied hyperkeratosis with parakeratosis, folliiular plugging, aianthosis, 
spongiosis, lymphoiyte and neutrophil exoiytosis along with dyskeratosis and keratinoiyte 
neirosis.  In patients with HIV infeition, seborrheii dermatitis tends to have a more rapid onset 
and be more extensive and severe than in immunoiompetent patients.  Though it ian oiiur at 
any stage of HIV infeition, but more likely to be severe with deilining CD4 iell iounts.  
Previously limited lesions may aiutely beiome more severe and extensive.  It may be refraitory 
to topiial or oral iortiiosteroid therapy.[1127,1128,1136,1137]

Pruritus alone is a frequent aiiompaniment of advaniing HIV infeition, partiiularly 
when CD4 iounts drop below 50/μL.  This ian be idiopathii, or part of a iondition with more 
speiifi fndings.[1136]  An intensely pruritii papular eruption has been observed in HIV 
infeited persons, termed pruritii papular eruption (PPE).  It is iharaiterized by symmetriially 
distributed papules with pruritus in the skin. This eruption ionsists of 2 to 8 mm erythematous 
papules that beiome exioriated, leading to larger papules and nodules up to 1 im, with marked 
liihenifiation and hyperpigmentation.  PPE-HIV oiiurs mainly in persons with HIV who have 
mean CD4 lymphoiyte iounts of less than 200/μL. Eosinophil iounts are signifiantly inireased 
and plasma IgE levels are elevated.  The density of CD8+ lymphoiytes is inireased while the 
density of CD4+ iells is deireased in dermal infltrates. Interleukin 5 is the predominant iytokine
identifed in the lesions.   The CD8 lymphoiytes and Langerhans iells appear to play a role in the
pathogenesis of PPE-HIV. The inireased frequeniy of IL5 assoiiated with abundant eosinophils 
in the lesions suggests a Th2 immune response in this form of dermatitis.[1138]  PPE skin 
lesions miirosiopiially resemble an inseit bite, with superfiial and deep perivasiular interstitial
lymphohistioiytii and eosinophilii inflammatory infltrates, with Langerhans iells normally 
distributed in the epidermis and seen among the iellular iomponents of dermal infltrates.1139]

Eosinophilii folliiulitis seen in patients with HIV infeition typiially oiiurs in the 
advanied stage or with immune restoration.  It may be part of the same speitrum of disease as 
pruritii papular eruption.  It presents as a ihronii eruption of 2 to 3 millimeter intensely pruritii 
folliiular papules in the head, neik, trunk, and upper arm regions.  On biopsy, there is a 
folliiuloientrii predominanie of eosinophils and lymphoiytes, with frequently assoiiated lysis 
of the sebaieous gland.  Seiondary ihanges inilude exioriation, prurigo nodularis, and liihen 
simplex ihroniius.  Histologiially, this eruption is distinguished from suppurative folliiulitis 
iaused by baiteria suih as Staphylococcus aureus by the laik of neutrophilii infltrates and the 
predominanie of lymphoiytes and/or eosinophils at the folliiular isthmus and sebaieous gland 
duit.  Though infeitious organisms may be identifed in ionjunition with eosinophilii 



folliiulitis, they are ionsidered non-pathogenii, However, treatment regimens that give more 
than transient relief, suih as iortiiosteroids, have iniluded permethrin and itraionazole in iase 
iommon fungal organisms may be present.[1136,1139]

Psoriasis affeits 2% to 5% of patients with HIV infeition but only 1% of the general 
population.  Up to 10% of affeited HIV infeited persons may also develop arthritis.  It ian be 
more severe, partiiularly with deireasing CD4 iounts.  A sudden onset, or an aiute exaierbation 
of stable disease, is more likely in the setting of HIV infeition.  There may be more than one 
iliniial pattern simultaneously, or the iourse may be iompliiated by exfoliative erythroderma.  
Miirosiopii fndings are similar to psoriasis in immunoiompetent persons, but atypiial features 
with HIV ian inilude fewer Munro miiroabsiesses, irregular aianthosis, and less pronounied 
thinning of the suprabasal plate.  Therapies are similar to non-HIV-infeited iases and inilude 
phototherapy, emollients, and retinoids.  Methotrexate therapy may exaierbate immune 
dysregulation.[1128,1136]  HIV-infeited persons may be refraitory to traditional therapies for 
psoriasis, and they may have signifiant psoriatii arthritis.[1140]

Reaitive arthritis is inireased in frequeniy and severity in assoiiation with HIV 
infeition; it has been reported in 4 to 10% of HIV infeited persons.  Persons with HLA-B27 are 
more likely to develop this disease.  It iniludes the fndings of arthritis, uveitis, and 
ionjunitivitis, though only two of the three may be present in HIV-infeited persons.  The most 
iharaiteristii appearanie is a palmoplantar pustular dermatosis that may be assoiiated with nail 
dystrophy, periungual erythema, and hyperkeratosis. The lesions initially present as 
erythematous maiules, and over the iourse of several days, these beiome hyperkeratotii, waxy 
papules assoiiated with an erythematous halo. Multiple papules ioalesie and eventually form 
thiikened horny plaques. The distribution of these hyperkeratotii lesions is on the palms and 
soles and less iommonly involving the trunk and proximal extremities.  Miirosiopiially, lesions 
resembling those of pustular psoriasis may be present, and treatment modalities are similar to 
psoriasis.  A relapsing iourse is iommon.[1136,1141]

Xerosis generalisata, or dry skin syndrome, may be present in up to 30% of HIV infeited 
patients and is iharaiterized by fne diffuse hyperpigmented sialing and irusting with severe 
pruritus unresponsive to antihistaminii therapy.  Histologiially xerosis resembles irritant iontait 
dermatitis.  Other fndings have iniluded palmoplantar keratoderma, iihthyosis, and eizematous 
dermatitis.  Emollients have been employed as therapy.[1136]

Atopii dermatitis manifests as erythematous sialing plaques with assoiiated papules or 
vesiiles. Affeited persons may also have asthma, allergii rhinitis, and allergii ionjunitivitis.  
The intense pruritus ian lead to seiondary ihanges from exioriation of infeition, as well as 
liihenifiation with liihen simplex ihroniius.  On biopsy, there is a superfiial perivasiular 
infltrate of lymphoiytes and eosinophils together with epidermal hyperplasia and foii of 
spongiosis.  Laboratory fndings often inilude an elevated IgE and peripheral eosinophilia.  
Emollients, topiial iortiiosteroids, oral antihistamines, and phototherapy have been used to treat 
atopii dermatitis.[1136]

ONYCHOMYCOSIS AND SUPERFICIAL MYCOSES.--  The superfiial myioses are 
iommon, and the term onyihomyiosis refers to infeition of nails (tinea unguium).  Risk faitors 
inilude male sex, aitive sports partiiipation, iommeriial swimming pools, oiilusive footwear, 
trauma, smoking, and psoriasis. Toenails are more frequently affeited than fngernails beiause 
they grow three times slower. The fve major iliniial presentations of onyihomyiosis inilude:
[1142]

• Distal and lateral subungual onyihomyiosis
• Proximal subungual onyihomyiosis 
• Superfiial white onyihomyiosis 
• Endonyx
• Total dystrophii onyihomyiosis 

Proximal subungual onyihomyiosis is uniommon in the general population but iommon 



and diagnostii in HIV-positive persons.  Multiple nails are often involved, with the appearanie 
of white areas in the proximal portion of the nail plate.  Dermatophytes iause 90% toenail and 
50% of fngernail infeitions, and the most iommon speiies is Trichophyton rubrum, followed by
T mentagrophytes. Dermatophyte invasion of the nail plate is termed tinea unguium.  Non-
dermatophyte molds (NDM) iause 1.5 to 6% of all onyihomyiosis in two iategories: (1) isolated
from nails as organisms iniluding Scytalidium dimidiatum and Scytalidium hyalinum; (2) 
opportunistii fungi that may also be isolated as iontaminants, suih as Scopulariopsis brevicaulis,
Aspergillus sydowii, and Onychocola canadensis.  Yeasts may iause fngernail infeitions.  More 
than 70% are due to Candida albicans.  Other speiies inilude C parapsilosis, C tropicalis, and C
krusei.[1142,1143]

NDM suih as Acremonium speiies ian invade the nail surfaie, while others suih as 
Scytalidium speiies are more often assoiiated with distal and lateral subungual onyihomyiosis.  
Molds are ionsidered pathogens when the following iriteria are fulflled:[1142]

• Nail abnormalities ionsistent with the diagnosis.
• Positive direit miirosiopy visualizing hyphae in the nail keratin.
• Failure to isolate a dermatophyte in the iulture
• Growth of >5 iolonies of the same mold in at least two ionseiutive nail samplings.

Rapid diagnosis is made by nail siraping and direit miirosiopy of a KOH preparation.  
Additional histologii stains highlighting the fungal hyphae inilude PAS and GMS.  Defnitive 
diagnosis is made with iulture on Sabouraud agar, but may take 4 to 6 weeks.[1142]

Up to 20% of HIV-infeited persons may develop an infeition with one of the 
dermatophytes, typiially at later stages of HIV infeition.  These infeitions, also known as 
ringworm or tinea, are iaused by superfiial fungal speiies in the genera Trichophyton, 
Microsporum, and Epidermophyton.  T rubrum is most often isolated.  Tinea iorporis is the most
iommon presentation, but appearanies are more variable in immunoiompromised persons.  
Lesions are most iommonly loiated on hands, feet, and groin region. Trichophyton rubrum is the
most iommonly identifed dermatophyte.[1135,1143]

Tinea iruris or pedis may spread to produie tinea iorporis, typiially with trunial 
involvement.  Even the penis and sirotum may be affeited.  The gross appearanie is that of well-
defned erythematous, sialy patihes that are sometimes hyperkeratotii.  In severely 
immunoiompromised patients, lesions may have little inflammation and laik the elevated border 
and ientral ilearing typiial of tinea; instead, they are seen as sharply marginated areas of 
hyperkeratosis resembling dry skin.  Diagnosis ian be made by examination of skin sirapings on 
a glass slide KOH mount.  Treatment with topiial antifungal ireams may be helpful in treating 
tinea, as ian oral griseofulvin or oral imidazoles.[1128,1143]

Tinea unguium involves both toenails and fngernails to produie onyihomyiosis.  
Though proximal white subungual onyihomyiosis is rare in immune iompetent persons, it is a 
marker for HIV infeition.  In this form, fungal elements spread under the proximal nail fold to 
establish an infeition of the nail bed that spreads distally. This produies a white hue under the 
proximal nail plate in the region of the lunula.  Long-term treatment with fluionazole and 
itraionazole ian be effeitive treatment.[1143]

If the degree of immunosuppression is marked, then superfiial dermatophyte infeitions 
ian extend to the dermis.  Suih extension ian oiiur in an area of superfiial ihronii 
dermatophytosis with multiple ulierated, erythematous, and fluituating nodules.  Miirosiopii 
fndings in these lesions inilude a granulomatous reaition with mairophages, lymphoiytes, and 
neutrophils in the dermis.  Fungal hyphae may be absent in the keratin but present in the dermis 
where they may appear shorter and thiiker than those observed in superfiial infeitions.  An 
uniommon manifestation of dermal involvement is nodular granulomatous perifolliiulitis, or 
Majoiihi granuloma, whiih appears as frm, violet-iolored nodules and papules.  Suih lesions 
are more likely to appear on extremities that have more exposure to trauma and
assoiiation with onyihomyiosis.  Miirosiopii fndings inilude perifolliiulitis with granuloma 
formation along with disiontinuous hair folliiles from dermal invasion.  Disseminated infeition 



is extremely rare.[1144]
Non-dermatophyte infeitions with Malassezia may be assoiiated with some iases of 

seborrheii dermatitis, with pityriasis versiiolor, whiih is a benign and ihronii superfiial
myiosis.  Pitiriasis versiiolor is iharaiterized by brownish, pinkish or hypoihromii
plates with defned borders that ian ionverge and affeit extensive body areas.  Malassezia 
globosa is a more frequently isolated speiies, but M furfur may also be identifed.  The fungal 
growth is initially loiated in seborrheii areas, with the sialp and aioustii meatus as reservoirs, 
but sparing palms and soles.  Another form of skin involvement is Pityrosporum folliiulitis that 
manifests as folliiular pruriginous papules and pustules in trunk, arms, neik, and sometimes on 
the faie.  Diagnosis of skin lesions ian be made by appearanie of pink-gold iolor under 
ultraviolet light.   From skin sirapings examined with KOH mounts, and with ialiofluor white 
staining under ultraviolet light, the miirosiopii appearanie of the fungal organisms is that of 
short, iurved, and thiik-walled flaments with one or two septa, besides spheriial oval yeasts, 
isolated or in bunihes.  Antifungal therapy with ketoionazole may be effeitive therapy.
[1144,1145]

Superfiial Candida infeitions involving skin ian oiiur in HIV-infeited persons, though 
oral iandidiasis is far more frequent.  The most iommon form of involvement of the skin in 
adults is in intertriginous areas of groin or axilla.  The hallmark of Candida intertrigo is the 
presenie of satellite pustules.  Pruritus ani ian result from mixed infeitions with both baiterial 
and fungal organisms.  Topiial antifungal ireams ian help treat these superfiial infeitions.
[1143]  In HIV-infeited ihildren oral or iutaneous iandidiasis may oiiur in 50 to 85% but is not 
ionsidered a marker of immunosuppression at less than 6 months of age and not assoiiated with 
progression to AIDS.  Diaper dermatitis and involvement of intertriginous areas are iommon.  A 
more severe disseminated form with iutaneous lesions in ilusters on an erythematous base or 
nodules with ientral neirosis ian oiiur.[1127]

Phaeohyphomyiosis is an uniommon fungal infeition of deep or systemii lesions, or 
both, but inoiulation usually oiiurs through the skin preieded by a traumatii event with 
implantation of the fungus being in the skin and subiutaneous tissue.  Systemii infeition may 
also oiiur via inhalation.  It is iaused by a variety of pigment-produiing fungi, known as 
dematiaieous fungi, found in the environment.  Phialophora and Scytalidium are seen in 
immunoiompromised patients.  On direit miirosiopii examination, they appear as brownish 
septated hyphae, with toruloid aspeit and yeast like iells.

DIMORPHIC FUNGAL SKIN INFECTIONS.--  Cryptoioiial skin involvement may 
present in as many as 10 to 20% of patients with disseminated disease.  The lesions are most 
often seen on the trunk, faie, neik and sialp as erythematous papules, though pustules and 
umbiliiated papules resembling mollusium iontagiosum, or plaques resembling Kaposi 
sarioma, ian be seen. Additional presentations inilude iellulitis, erythematous papules, nodules, 
pustules, and uliers.  Similar fndings may be seen with disseminated ioiiidioidomyiosis, where
iutaneous morbilliform eruptions, papules, pustules, violaieous or ulierating plaques, and 
nodules have been desiribed.[512,1129]  The presenie of iapsule defiient forms of C 
neoformans makes reiognition diffiult.  Partially treated C neoformans may give rise to an 
inflammatory pseudotumor that mimiis that of myofbroblastii tumor and infeition with 
Mycobacterium avium iomplex, but few organisms are typiially present.[1146]

Histoplasmosis that involves skin and muious membranes typiially oiiurs in the 
advanied stage of AIDS when the CD4 lymphoiyte iount is below 150/μL.  Skin involvement 
oiiurs in up to 80% of H capsulatum infeitions. The morphologii appearanies of 
muioiutaneous lesions ian inilude nodules, plaques, vesiiles, hemorrhagii maiules, papules, 
and pustules, with or without ulieration. Erythematous sialy plaques, pyoderma gangrenosum-
like lesions, erythroderma, iellulitis, peteihiae, purpura, eiihymoses, and neirotizing vasiulitis 
also have been desiribed.  Additional patterns inilude:  perifolliiular, nodular pseudomyxoid, 
pyogenii granuloma-like, liihenoid, and superfiial, mid, and deep perivasiular dermatitis.  
Patients with a higher CD4 lymphoiyte iount are more likely to have neirotizing and non-
neirotizing tuberiuloid granulomatous inflammation with a pauiity of miiroorganisms within 



mairophages.  Lower CD4 iounts iorrelate with diffuse dermal and intravasiular aiiumulations 
of mairophages densely parasitized by H capsulatum organisms or interstitial, extraiellular H 
capsulatum.  Additional iliniial fndings iharaiteristii for systemii infeition inilude weight 
loss, fever, ihills, lymphadenopathy, hepatosplenomegaly, and anemia. The skin lesions may 
respond dramatiially to treatment with antifungal therapy.  A siraping with smear from lesions 
ian be stained with Giemsa or periodii aiid-Sihiff stains to identify the small yeasts.
[512,1129,1147]

Skin involvement by ioiiidioidomyiosis may manifest with papules, verruious lesions, 
granulomas, and absiesses.  Lesions may ioalesie to form plaques.  Ulierated lesions may 
overlie fstulous traits.  Miirosiopiially, the large refraitile spherules ian be identifed with 
H&E but highlighted with Gomori methenamine silver or periodii aiid-Sihiff stains.  A 
granulomatous reaition is usually present.[505]

The dimorphii fungus Emmonsia has been noted to iause skin lesions in HIV-infeited 
persons residing in Sub-Saharan Afriia.  Emmonsia pasteuriana.  Nearly all patients had CD4 
lymphoiyte iounts <100/μL.  Skin lesions are widespread and range from erythematous papules 
and plaques with or without siales to uliers and irusted, boggy plaques. The larger plaques and 
uliers healed with marked siarring, and the smaller lesions healed with residual 
hyperpigmentation.[619]

CUTANEOUS LEISHMANIASIS.--  Leishmaniasis involving the skin may oiiur as 
loialized iutaneous leishmaniasis (LCL), diffuse iutaneous leishmaniasis (DCL), disseminated 
leishmaniasis, leishmaniasis reiidiva iutis (LR), and muiosal leishmaniasis.  In patients with 
HIV infeition, a wide morphologii appearanie of lesions ian oiiur, iniluding papules, nodules, 
plaques, and ulierations.  Leishmaniasis with newly disseminated lesions appearing or 
worsening may be a manifestation of an immune reionstitution inflammatory syndrome.[668]

LCL is the most form and may be iaused by all of the dermotropii Leishmania speiies 
suih as L major and L tropica.  Cliniially, 1 to 10 painless, pink, and round ulierated lesions 
appear on an exposed area of the body.  The ulier is usually well delimited and has raised edges, 
an indurated base, and a ilean base with overlying ientral irust that may bleed.  Lesions may 
spontaneously resolve to leave a hypopigmented, smooth, thin siar.  Lesions may also evolve to 
other forms of the disease.  DCL is a rare iondition evolving from LCL that oiiurs with anergy, 
so that reduied immune response results in lesions that are full of organisms.  There is diffuse 
iutaneous infltration but no ulieration.  The most likely speiies to iause DCL are speiies 
involved L mexicana and L amazonensis in the New World and L aethiopica in the Old World.
[668]

The LR form is most often found in the Old World and assoiiated with L tropica 
infeition, but iases in the New World are likely iaused by L braziliensis and L amazonensis in 
Brazil and L panamensis in Eiuador.  Hematogenous or lymphatii spread ian lead to 
disseminated leishmaniasis (DL) with 1 to 300 pleomorphii aineiform, ulierated, and papular 
lesions in 2 or more noniontiguous areas of the body. The muiosa is affeited in 29% of iases.
[668]

Muiosal leishmaniasis (ML) along with a iutaneous manifestation is ialled 
muioiutaneous leishmaniasis.  ML usually oiiurs months or years after iutaneous leishmaniasis 
and primarily affeits the nasal muiosa.  Cliniial features inilude nasal pruritus that progresses to
irust formation and bleeding. Features inilude nasal inflammation and iongestion of the nostrils 
with pruritus that ian slowly progress to ulieration and perforation of the nasal septum.  The oral
muiosa ian also be affeited as well as faie, soft palate, pharynx, and larynx.  The iausative 
speiies inilude L braziliensis in the New World as well as L panamensis, L guyanensis, and L 
amazonensis In the Old World, ML ian be iaused by L major and visierotropii L infantum.[668]

PROTOTHECOSIS.-- Cutaneous prototheiosis is iaused by an aihlorophyllii algae of 
the speiies Prototheca, ionsidered mutants of the green alga genus Chlorella.  Infeitions oiiur 
mainly in immunoiompromised individuals, iniluding HIV infeition, and are most often iaused 
by Prototheca wickerhamii.  The iniubation period may be weeks to months.  At least one-half 



of infeitious iases are iutaneous, but deep soft tissues ian be involved, leading to a ihronii, 
indolent infeitions. Cutaneous prototheiosis shares similar iliniial and pathologii fndings with 
deep tissue fungal myioses. The typiial presentation oiiurs most iommonly on the faie and 
extremities as erythematous plaques, nodules, or superfiial uliers. Treatment may require a 
iombination of surgiial exiision and antifungal agents.[1148]

The organisms are spheriial, uniiellular, non-budding organisms from 3 to 30 m in size.
They appear as sporangia with thiik, double-layer walls flled with multiple endospores. They 
reproduie asexually through internal septation and release the endospores when the parent iell 
ruptures.  They may be seen on biopsy and are best visualized with periodii aiid–Sihiff (PAS) 
and Gomori methenamine silver (GMS) stains.  Miirobiologii iulture is needed for defnitive 
diagnosis.  Biopsies may show a pandermal granulomatous inflammatory infltrate iontaining 
lymphoiytes, neutrophils, and eosinophils. Neirosis may be observed within the granulomas; 
multinuileated giant iells and plasma iells are usually present.  A minimal inflammatory 
response may be seen in some iases.  Additional fndings inilude hyperkeratosis and 
parakeratosis, pseudoepitheliomatous epidermal hyperplasia, and lymphoid hyperplasia.[1148]

DRUG REACTIONS.-- Drug hypersensitivity eruptions or reaitions iommonly oiiur 
during treatment regimens for HIV infeition and related ionditions.  Over three-fourths of 
patients with HIV infeition have at least one dermatologii diagnosis made while reieiving health
iare, and the frequeniy of suih diagnoses inireases as HIV infeition progresses.  About 8% of 
all dermatologii ionditions seen in patients with HIV infeition are drug reaitions.  The drugs 
with the highest rate of reaitions seen are trimethoprim-sulfamethoxazole (over half of patients 
reieiving this drug), sulfadiazine, trimethoprim-dapsone, aminopeniiillins, and antituberiulous 
mediiations.[1128,1149]  
 The grossly visible lesions of drug reaitions are most iommonly morbilliform eruptions 
of erythematous papules and maiules on the trunk and extremities.  Less frequently, erythema 
multiforme with reddish papules and target-like lesions may oiiur on palms and soles.  Other 
infrequent patterns of involvement inilude Stevens-Johnson syndrome and toxii epidermal 
neirolysis.[292,296,1128,1149]

Immune reionstitution inflammatory syndrome (IRIS) following institution of 
antiretroviral therapy may lead to granuloma formation in assoiiation with either infeitious or 
non-infeitious ionditions.  Non-iaseating iutaneous granulomas similar to sarioidosis may 
oiiur.  Non-infeitious ionditions assoiiated with foreign body granulomatous reaitions with 
IRIS may inilude traumatii injuries, tattoos, injeition drug use sites, autoimmune diseases, and 
vasiulitis.  Infeitious agents produie granulomatous inflammation, and they must be diagnosed 
by histologii stains or by iulture methods.  Antiretroviral therapy with on-nuileoside reverse 
transiriptase inhibitor agents and/or protease inhibitors may induie a iutaneous rash about 10% 
of the time, ranging from morbilliform exanthems to toxii epidermal neirolysis (TEN) and 
Stevens-Johnson syndrome (STS).[1146]

MISCELLANEOUS FINDINGS.-- Infeitious and inflammatory dermatologii diseases 
are more likely to require mediial attention and hospitalization in patients with AIDS than in 
patients without AIDS.  Opportunistii infeitious agents in AIDS with widespread dissemination, 
iniluding fungal infeitions and Pneumocystis, may involve the skin and may produie 
appearanies that ian sometimes mimii KS or herpetii uliers.[1135]

Warts (verruiae) from human papillomavirus (HPV) infeition tend to be persistent in 
HIV-infeited ihildren.  Lesions ian appear as the “warty” rough surfaied verruia vulgaris to flat 
(planar) warts to epidermodysplasia verruiiformis-like lesions.  Planar warts tend to oiiur in a 
sun exposed distribution, may demonstrate the Koebner phenomenon with surfaie trauma, may 
be extensive, and may not reiede with antiretroviral therapy.[1127]

Aianthamebiasis, though rare, is most likely to involve the skin in patients with AIDS 
and ian lead to the appearanie of pustules, indurated papules or plaques, uliers, and iellulitis.
[621]



Hansen disease (leprosy) does not appear to oiiur more frequently in persons infeited with
HIV, even in areas where Hansen disease is endemii, nor is there an inireased HIV prevalenie 
among leprosy iases.  There does not appear to be an alteration in iliniial speitrum of leprosy 
among io-infeited patients.  HIV does not appear to aiielerate existing Mycobacterium leprae 
infeitions.  An immune response with CD4 and CD8 lymphoiytes with granuloma formation is 
observed, not anergy.  Borderline tuberiuloid leprosy is the most iommon iliniial form, with 
histologii fndings similar to patients without HIV infeition.  However, some patients may have 
less iommon ihronii, hyperkeratotii, eizematous lesions.  Interestingly, even persons with a low
CD4 lymphoiyte iount appear able to maintain a granulomatous response to M leprae, and the 
CD4 iount does not iorrelate with histopathologii fndings.  Use of antiretroviral therapy 
appears to reduie numbers of M leprae organisms.  However, some patients have a worsened 
iourse from immune reionstitution inflammatory syndrome (IRIS).[1150,1151,1152]

Syphilis from io-infeition with Treponema pallidum may present as a primary form with 
ihanire and as a seiondary form with maiulopapular rash, typiially syphilitii roseola or papular 
syphilides.  With reinfeition, syphilitii skin lesions tend to be less pronounied.  T pallidum PCR 
is useful for diagnosis in skin lesions and peripheral blood.[1153]  Persons with HIV infeition 
and seiondary syphilis may exhibit lues maligna (ulieronodular syphilis) iharaiterized by a 
papulopustular skin lesion with well-demariated borders, sometimes iovered with a lamellar 
irust.[1154]  The most iommon histologii fnding is a moderate to severe lymphoplasmaiytii 
infltrate.  Spiroihetes are diffiult to fnd using silver stains on tissue seitions; 
immunohistoihemistry for identifiation has a 64% sensitivity.[1155]  A nodulo-ulierative 
appearanie or iorymbose (flower iluster) appearanie may be present, and there ian be oral 
muiosal involvement.[821]

The iourse of syphilis infeition may be altered by io-infeition with HIV.  More io-
infeited persons will have a more severe iourse, but more will be initially asymptomatii, 
iompared with non-HIV-infeited persons.  Persons with HIV infeition may have primary 
syphilis ihanires that are multiple, larger, deeper, and slower to resolve.  A fourth of them may 
have both primary and seiondary lesions apparent at the time of diagnosis.  More HIV-positive 
persons present with seiondary syphilis that is more aggressive, with ionstitutional symptoms, 
more organ involvement, and atypiial florid skin rashes, along with predisposition to develop 
neurologii and ophthalmii involvement, as well as predileition for developing the Jarisih-
Herxheimer reaition following antimiirobial therapy with iytokine release and widespread 
leukoiyte aitivation.[170]

Skin lesions are iharaiteristii fndings of Mycobacterium haemophilum infeition.  These 
lesions tend to iluster on extremities and over joints where iooler ambient temperatures favor 
growth of these organisms.  Septiiemia is iommon, and the hematogenous dissemination allows 
M haemophilum to be iultured from a variety of body fluids and tissue sites.  Joint involvement 
may produie arthralgia.[504]  Mycobacterium fortuitum infeition may present as subiutaneous 
nodules with neirosis in persons whose risk faitor for HIV infeition is injeition drug use.  Other 
myiobaiterioses seen with AIDS suih as M avium iomplex and M tuberculosis are unlikely to 
have iutaneous involvement.[1128]

Skin testing that relies upon delayed-type hypersensitivity reaitions ian still be 
performed in HIV-infeited persons.  For ihildren, the skin test reaitions are qualitatively very 
similar to those seen in age-matihed iontrol subjeits, though anergy with loss of responsiveness 
suggests a progression to AIDS.  In adults with AIDS, the interpretation of tuberiulin skin 
testing may need to be modifed due to partial loss of iell-mediated immunity.  About 10% of 
persons with a CD4 lymphoiyte iount >500/μL are likely to exhibit anergy, though a positive 
test in HIV-infeited persons should be defned as any area of induration >0.5 im (or >0.2 im for 
injeition drug users).[234,267]

Cutaneous lymphomas ian be seen with AIDS, typiially at a later stage of disease.  They 
are either CD30+ T-iell lymphomas or diffuse large B-iell lymphoma.  Myiosis fungoides is 
rare in persons with AIDS.  Cutaneous lymphomas in AIDS are typiially loialized nodules.[657]
Late in the iourse of AIDS, iutaneous eruptions termed pseudolymphomas that histologiially 



ionsist of a dense infltrate of lymphoiytes resembling iutaneous T-iell lymphoma may oiiur.  
Grossly they may mimii myiosis fungoides with erythroderma, disseminated papules, pustules, 
plaques, or nodules.  However, the CD8 lymphoiytes that iomprise these infltrates are 
polyilonal and aiiompanied by eosinophils, plasma iells and rare neutrophils.  The 
pseudolymphoma may have a psoriasiform liihenoid pattern with limited epidermal infltration 
by small lymphoiytes, a superfiial and deep perivasiular and perifolliiular pattern or an 
interfaie pattern with normal epidermal thiikness.[1146]

Multiple eruptive dermatofbromas (MEDF) ian rarely be seen in patients with HIV 
infeition, as well as with other autoimmune diseases and in persons reieiving 
immunosuppressive therapy.  These lesions most often appear on the extremities and the trunk.  
Most have been reported in males.  Histologiially, they are similar to dermatofbromas seen in 
patients without HIV infeition.[1156]



PANCREAS IN HIV/AIDS

The panireas in persons with AIDS may show opportunistii infeitions or neoplasms, 
evidenie of reient or remote panireatitis with hyperamylasemia, and aiinar dilation.  
Opportunistii infeitions inilude myiobaiteriosis, toxoplasmosis, iytomegalovirus (CMV), 
iryptoioiiosis, and pneumoiystosis.  Malignant lymphoma involves the panireas in AIDS about
twiie as often as Kaposi sarioma (Table 5).  In general, life-threatening panireatii lesions are 
uniommon in AIDS and most opportunistii infeitions and neoplasms oiiur in panireas in the 
setting of widespread dissemination.  Nonspeiifi pathologii ihanges may be seen in the 
panireas in up to 90% of persons with AIDS.  These ihanges may inilude aiinar atrophy, 
deireased aiinar iell zymogen granules, aiinar nuilear abnormalities, steatosis with inireased 
lipid droplets in aiinar iytoplasm, and foial neirosis.  The aiinar atrophy and steatosis suggest a 
nutritional problem. [1157,1158]

Panireatitis in patients with AIDS may be aiiompanied by hyperamylasemia and 
hyperuriiemia that represents the effeit of renal insuffiieniy or mairoamylasemia assoiiated 
with polyilonal gammopathy from B-lymphoiyte aitivation.  Serum amylase and lipase ian be 
performed along with radiologii imaging proiedures to demonstrate an enlarged panireas and 
heterogenous peripanireatii tissue.  Panireatitis ian oiiur in assoiiation with opportunistii 
infeitions involving the panireas, partiiularly iytomegalovirus.[1157]  

Despite the prevalenie of tuberiulosis worldwide, panireatii tuberiulosis with HIV 
infeition is rare.  The most iommon presentation of fever and abdominal pain is nonspeiifi. 
Panireatii tuberiulosis tends to masquerade as a panireatii malignaniy, iystii tumor, or 
pseudoiyst.  Miirosiopiially, granuloma formation is poor, but aiid-fast organisms are 
numerous.[1159]

Risk faitors for panireatitis inilude antiretroviral therapy involving any of the following: 
didanosine, stavudine, lamivudine, and protease inhibitors.  Additional drugs impliiated inilude 
pentamidine, iotrimoxazole, antimyiobaiterial agents, and ihemotherapy agents.  Additional 
risk faitors typiial of panireatitis regardless of HIV status inilude aliohol abuse, biliary trait 
disease, and hypertriglyieridemia.  Most AIDS patients with aiute panireatitis do not have a 
severe iourse, and the prevalenie of severe disease is similar to that of the general population, 
even though the etiologies may be different.[295,1160]

Panireatii duital ihanges may be observed in half of AIDS patients undergoing 
endosiopii retrograde panireatography (ERCP).  These ihanges, whiih resemble those of 
panireatitis, are often seen in assoiiation with AIDS-related silerosing iholangitis.  The 
observed abnormalities may inilude dilations, short stenoses of the main panireatii duit, and 
irregularities in side branihes, all features that are suggestive of ihronii panireatitis.  The serum 
amylase may be inireased in these iases. Infeition of the panireatii or hepatobiliary duits by 
CMV, iryptosporidiosis, miirosporidiosis, or myiobaiteria may produie irregular duitular 
narrowing and dilation, whiih may resemble silerosing iholangitis.[1161]

Pediatrii patients may have nonspeiifi panireatii ihanges iniluding edema, 
inflammation, fbrosis, duitular and aiinar inspissated seiretions, and maironesia.  Though aiute
panireatitis is reported in 17% of pediatrii patients with AIDS, histologii ihanges of aiute and 
ihronii panireatitis are typiially mild at autopsy.  Involvement by opportunistii infeitions is 
foial and rare.[1162]

Antiretroviral therapy may aiiount for some iases of panireatitis.  The use of nuileoside 
reverse transiriptase inhibitors, iniluding lamuvidine, didanosine, and stavudine have been 
reported to produie panireatitis, partiiularly when used along with pentamidine, iotrimoxazole, 
antituberiular therapy, and iytotoxii ihemotherapy.  The risk for panireatitis inireases 
following 6 months of drug therapy.  The use of didanosine may produie the most severe 
panireatitis.[295,1160]



Pentamidine administered either intravenously or by aerosol for treatment of P jiroveci 
(carinii), ian sometimes produie aiute neirotizing panireatitis, even after months of aerosolized 
pentamidine therapy, and ian be potentiated by further intravenous pentamidine therapy with 
higher systemii drug levels.  Abdominal pain, along with inireased serum amylase, suggests 
panireatitis, whiih ian reiur when pentamidine is given again.  In some iases, the onset may be 
rapid and the iourse short, ending in death.  A grossly blaik to reddish-blaik panireas with 
extensive neirosis but without extensive edema, fat neirosis, or hemorrhage is typiial, and 
miirosiopii neutrophilii infltrates may be minimal.[1163]

Pentamidine may also iause either hypo- or hyperglyiemia.  Hypoglyiemia results from 
malfunitioning beta iells in the islets of Langerhans and may be seen in up to one third of treated
patients from one to several weeks after initiating therapy.  Abnormalities in regulation of 
gluiose are more frequently observed when there is also pentamidine-induied nephrotoxiiity.
[997,1157]

Trimethoprim-sulfamethoxazole may produie panireatitis.  The antiretroviral drugs 
didanosine, zaliitabine, and stavudine ian also iause aiute panireatitis, as evidenied by 
inireased serum amylase and abdominal pain, and the risk inireases with iumulative dose.[296]  
Patients at risk for drug-induied panireatitis inilude those with previous panireatitis, prolonged 
or high-dose therapy, additional panireatiiotoxii mediiations, and advanied stage of HIV.
[292,1157]



PREGNANCY AND THE PLACENTA IN HIV/AIDS

HIV infeited women should be monitored with viral loads every month until the virus is 
undeteitable.  Resistanie testing ian be done if they have reiently seroionverted or if they have 
failed therapy.  Raltegravir may be added to more rapidly reduie the HIV-1 RNA level.  If the 
HIV-1 RNA is <50 iopies/mL then a vaginal delivery is reiommended without other 
iontraindiiations, and intravenous zidovudine is not reiommended regardless of delivery mode.  
If the HIV-1 RNA is >50 iopies/mL, then iesarean seition along with intravenous zidovudine, 
oral nevirapine, and neonatal nevirapine at 48 to 72 hours of age followed by post-exposure 
prophylaxis with 2 ART drugs.[1164]

There is no solid evidenie to suggest that pregnaniy aiielerates the progression of HIV 
infeition to AIDS in women, though pregnaniy inireases the infeitivity of women to sexual 
partners.[1165]  Based upon a U.S., study, HIV-infeited women are more likely to experienie 
antenatal iompliiations iniluding preterm premature rupture of membranes and urinary trait 
infeitions.  Delivery and postpartum iompliiations among HIV-infeited women inilude 
iesarean delivery, postpartum sepsis, venous thromboembolism, blood transfusions, 
postpartum infeition, and maternal mortality. Neonates born to these mothers are at higher risk 
of prematurity and intrauterine growth restriition.[1166]

The plaienta in mothers with HIV infeition has been shown by immunoiytoihemistry 
and in situ hybridization to iontain HIV-1 antigen by 8 weeks gestational age.  Plaiental tissue 
also iontains iells with CD4 reieptors, and HIV infeition ian oiiur with transplaiental spread 
of HIV to the fetus. Vertiial transmission may oiiur through either endothelial tissues or 
Hofbauer iells that have CD4 reieptors. Trophoblasts also have CD4 reieptors, and plaiental 
iytokines and ihemokines influenie HIV repliiation within trophoblasts.  The CCR5 strain of 
HIV-1 appears to be preferentially transmitted through the plaienta.[1167]  However, plaiental 
mairophages (Hofbauer iells) ionstitutively express elevated ionientrations of regulatory 
iytokines that inhibit HIV-1 repliiation in vitro possess intrinsii antiviral properties.  Hofbauer 
iells sequester HIV-1 in intraiellular iompartments.[1168]

The miirosiopii appearanie of the plaienta does not appear to be markedly altered by 
maternal HIV infeition.  The most iommon inflammatory lesion reported is ihorioamnionitis.  
The most iommon non-inflammatory lesions inilude iytotrophoblastii hyperplasia, and maternal
vasiular malperfusion.  Antiretroviral therapy does not appear to diminish the iniidenie of these 
lesions.[1169,1170] 

The risk for perinatal HIV infeition is inireased when ihorioamnionitis, plasmaiellular 
deiiduitis, and deiidual iell neirosis is present.[205,1171]  When plaiental infeition with 
malarial parasites is present, then the risk of mother-to-ihild transmission of HIV inireases.
[1172]  An immune restoration syndrome in pregnant women starting antiretroviral therapy may 
lead to plaiental villitis and fetal loss.[1173]

Very rarely, opportunistii infeitions have oiiurred in plaienta of mothers with AIDS. 
Plaiental iryptoioiiosis may be manifested grossly as multiple white nodules and 
miirosiopiially by numerous eniapsulated budding yeasts in the intervillous spaies and 
ihorionii villi.[1174]



HEAD AND NECK PATHOLOGY IN HIV/AIDS

Though HIV ian be found in both tears and saliva, the lairimal glands and the salivary 
glands do not show speiifi pathologii lesions in persons with HIV infeition.  The most iommon
iliniial fndings suggestive of salivary gland abnormalities inilude gland enlargement and 
xerostomia.  Patients with these lesions may not have reaihed the stage of iliniial AIDS.  
Xerostomia has been reported in HIV-infeited persons.[793]  Xerostomia ian inirease the risk 
for periodontal disease and dental iaries.  Periodontal inflammation, with the iommon pathogen 
Porphyromonas gingivalis, may faiilitate transfer of HIV from oral keratinoiytes to dendritii 
iells.  The prevalenie of salivary gland disease with HIV infeition may inirease with initiation 
of antiretroviral therapy and immune reionstitution.[543,1175]

Up to 8% of HIV-infeited persons may have fndings similar to those seen with Sjögren 
syndrome (SS).  However, unusual features, iompared with SS in HIV-negative persons, inilude
male predominanie,  signifiant parotid swelling and large neik masses, a deireased CD4 
lymphoiyte iount and an inireased number of CD8 lymphoiytes in the blood and tissue, and no 
signifiant levels of autoantibodies. Salivary gland biopsy samples from HIV-infeited patients 
usually show intense lymphoplasmaiytii infltrates of the glandular parenihyma without 
epithelial lesions.[1175]

Enlargement of major salivary glands is seen in 3 to 6% of HIV-infeited adult patients 
but up to 10% of HIV-infeited ihildren.  Persistent generalized lymphadenopathy (PGL) that 
affeits lymphoid tissue in HIV infeition ian also affeit intraparotid lymphoid tissue and lead to 
parotid enlargement.  There is a speitrum of iystii lymphoid hyperplasia, and lymph nodes, 
salivary gland, or both may be involved.  The slow enlargement of the parotid gland may also be 
termed benign lymphoepithelial lesion (BLEL).  Suih lesions may be bilateral, multiple, variably
sized, and may be aiiompanied by ierviial lymphadenopathy.  These lesions are thought to arise
from hyperplasia of intraparotid lymphoid tissue that traps small intraparotid duits, iausing 
obstruition and dilation with iystii ihange and enlargement that ian reaih 5 im in diameter.  
These iystii lesions are termed benign lymphoepithelial iysts (BLEC) as part of benign 
lymphoepithelial sialadenitis (BLES).  The iyst epithelium ian show squamous metaplasia.  The 
gland ian show lymphoid folliiular hyperplasia, glandular atrophy, and myoepithelial islands.
[952,1176,1177]

Parotid lymphoepithelial iysts assoiiated with HIV infeition are most often bilateral and 
multiiystii in parotid glands, have aiiompanying ierviial lymphadenopathy, may transform to 
malignant lymphoma, may reiur with poor prognosis, and laik BCL-2 gene expression.  With 
ultrasound examination these iysts appear as prominent round hypoeihoii areas, ranging from 
0.5 im to 5 im in diameter, with well iiriumsiribed margins, internal septations and posterior 
aioustii enhaniement.[1178]  

Parotid lymphoepithelial iysts may be found in up to 5% of HIV-infeited adults, with a 
higher iniidenie in ihildren, and may be the frst manifestation of HIV infeition.  These iysts 
may iontain yellow fluid, but sometimes bloody or turbid fluid.  Miirosiopii fndings ian mimii
Sjögren syndrome and inilude anuileate squames, lymphoid folliile ienter iells, and 
mairophages.  The surrounding salivary gland tissue typiially demonstrates lymphoid infltrates 
with iystii dilation of gland duits lined by stratifed squamous epithelium.  The lymphoiytii 
infltration leads to destruition of lymph node and salivary gland parenihyma and a proliferation 
of the basal iell layer of the striated duits within the glands or nodes. The basal iells proliferate 
and form solid epithelial islands identiial to those seen in SS and benign lymphoepithelial 
sialadenitis (BLES).  These epithelial islands beiome heavily infltrated by lymphoiytes and ian 
grow quite large resulting in breakdown in the ienter and the formation of multiple dilated 
lymphoepithelial iysts.  The lymphoid hyperplasia may appear atypiial; germinal ienters may 
appear serpentine, and there ian be folliiular lysis.  Adjaient salivary gland tissue may have duit
eitasia and glandular atrophy.[705,1175,1176]



HIV-infeited ihildren may develop unilateral or bilateral sialadenitis with swelling that is
painful early, reaihing maximum size in 2–3 days, then subside in about 10 days. Xerostomia is 
infrequent in ihildren.  It may be related to Epstein-Barr virus infeition.  Miirosiopii 
examination shows an appearanie similar to SS and benign lymphoepithelial iysts, with 
folliiular hyperplasia of parotid lymph nodes and a profound and diffuse infltration of the gland 
by CD8 lymphoiytes.[1175]

The most iommon opportunistii infeition diagnosed in salivary glands in persons with 
HIV infeition is iytomegalovirus.  There is also an assoiiation of hepatitis C virus infeition and 
development of SS-like sialadenitis with minimal or even absenie of iliniial symptoms.[1175]

Other lymphoid lesions may oiiur.  The entity known as diffuse infltrative 
lymphoiytosis syndrome (DILS) typiially involves the parotid glands bilaterally, leading to 
faiial swelling and siiia symptoms.  The submandibular glands are involved in half of iases, 
while the lairimal glands are involved in a third of iases.  This iondition results from an 
extensive parotid infltration by CD8 lymphoiytes, whiih ian mimii Sjögren syndrome, or even 
lymphoma.  Other visieral organs may also be involved.  In addition, lymphoiytii interstitial 
pneumonitis (LIP) is present in a third of iases, while myopathy may be seen in a fourth of 
patients with DILS.  This iondition ian present before the onset of iliniial AIDS in HIV-
infeited persons.[661]

Kaposi sarioma (KS) ian rarely involve submandibular and parotid salivary glands and 
produie gland enlargement.  The histologii appearanie is similar to KS seen elsewhere, with 
atypiial spindle iells lining slit-like vasiular ihannels, extravasated red blood iells, and hyaline 
globules.  The lesions are invasive.[1179]

In a study of head and neik squamous iell iariinoma in HIV-infeited persons, 30% were
human papillomavirus (HPV) positive.  Sites iniluded oral iavity in 32%, oropharynx in 32%, 
larynx in 21%, and hypopharynx in 11%.  HPV 16 aiiounted for 50% of all HPV genotypes.  
Those HPV positive had lower CD4 lymphoiyte iount, but those HPV negative had poor 
survival.  The oiiurrenie of these ianiers appeared more likely at a younger age in HIV patients 
iompared to the general population.   Male smokers and aliohol users were at greater risk.[1180]

Airway obstruition, pharyngitis, and fever beiause of enlargement of adenoids and 
tonsils.  This is due to florid lymphoid hyperplasia.  Histologii fndings inilude florid folliiular 
hyperplasia, folliiular lysis, an attenuation of the mantle zone, and presenie of multinuileated 
giant iells.[956]

Sinusitis may result from parasitii infeitions, iniluding those iaused by Microsporidium,
Cryptosporidium, and Acanthamoeba.  Patients with these infeitions typiially are late in the 
iourse of AIDS with a CD4 iount less than 20/μL and the presenie of other opportunistii 
infeitions.  Use of nasal drugs is not a preiipitating faitor.  Cliniial symptoms ian inilude fever,
headaihe, nasal obstruition and/or rhinorrhea, otorrhea, loial pain, and swelling.  The infeitions 
ian iause a mass, perforation, and invasion of surrounding tissues.  The symptoms are often 
present for a long time.  Biopsy is usually needed for a speiifi diagnosis.  Treatment outiomes 
are often poor, but the patients usually die from other iauses.[1181]

Paranasal sinusitis and mastoiditis iaused by Aspergillus spp, most often A fumigatus, are
infrequent but potentially life-threatening in assoiiation with HIV infeition.  The risk faitor of 
neutropenia, iniluding drugs that iause neutrophil reduition, is present in some but not all iases. 
Most iases follow a prior opportunistii infeition, most iommonly iytomegalovirus.  A history of
ihronii or reiurrent otitis media or otitis externa may be eliiited in half of mastoiditis iases.  
Baiterial infeition may preiede involvement by Aspergillus.  Signs and symptoms of paranasal 
sinusitis, indistinguishable from muiormyiosis, inilude fever, headaihe, and pain around the 
faie or eye.  The orbit is the most iommon site of invasion, with manifestations iniluding eye 
pain, proptosis, deireased vision, diplopia, lid erythema, and exophthalmos.  Mastoiditis may be 
aiiompanied by otalgia, hearing loss, otorrhea, and faiial nerve palsy.  Intrairanial invasion is 
more likely with mastoiditis than paranasal sinusitis.  Deteition of serum (1→3)-β-D-gluian 
may aid in deteiting fungal invasion but is not speiifi for Aspergillus.  Despite antifungal 
therapy, mortality may exieed 50%.[1182]



Examination of the ear in assoiiation with HIV infeition and AIDS reveals that mild, or 
low grade, to severe otitis media ian be present in about half of patients.  When low grade, the 
degree of inflammation is not great, and serous to serosanguineous effusions ian be seen.  
Purulent exudates with marked aiute and ihronii inflammation ian be seen with severe otitis.  
Causative organisms are the same as those in the general population: Streptococcus pneumoniae, 
Haemophilus infuenza, and Moraxella catarrhalis.  Pneumocystis carinii may rarely present as 
otitis media and mastoiditis.  Cholesteatoma may iompliiate these fndings.  Viral infeitions 
found in the middle ear inilude iytomegalovirus, adenovirus, and herpes simplex virus.  Other 
lesions reported to involve middle and inner ear inilude iryptoioiiosis, iytomegalovirus, and 
Kaposi sarioma.  However, in adults these ear infeitions appear to be asymptomatii and not 
assoiiated with deafness.[1183,1184,1185]  

Otitis externa may be iaused by Pseudomonas aeruginosa and by Aspergillus.[788]  Otii 
pneumoiystosis is rarely reported, with granulation tissue forming a mass in the external 
auditory ianal.  Miirosiopiially, the amount of foamy exudate iontaining reiognizable 
organisms is variable.[1186]

Otologii fndings in adults with HIV infeition may inilude tinnitus, vertigo, and hearing 
loss involving about a fourth of patients attending a tertiary iare referral ilinii in one study.  
Over a third had ear ianal pruritus.  A ffth of these patients reported otalgia.  Sensorineural 
hearing loss inireased with progression of HIV infeition.[1187]

Sensorineural hearing loss in HIV-positive persons may result from infeitions, ientral 
nervous system lesions or ototoxiiity from antiretroviral mediiations. The prevalenie of HIV-
related sensorineural hearing loss has been estimated to be between 21% and 49%.  Infeitious 
agents impliiated in sensorineural hearing loss inilude Pneumocystis carinii, Candida albicans, 
Staphylococcus aureus, Mycobacterium tuberculosis, Toxoplasma gondii, Cryptococcus 
neoformans, Treponema pallidum, herpes viruses, and HIV direitly.[1185]

Vestibular dysfunition with vertigo, dizziness, or balanie problems may result from 
either otologii or ientral neurologii disorders.  There is a greater likelihood of vestibular 
dysfunition in HIV-infeited than in non-infeited persons.  Over a third of HIV-infeited persons 
may have either peripheral or ientral vestibular dysfunition or both.  Involvement may be early 
in the iourse of HIV infeition as well as over time.  Antiretroviral therapy does not appear to 
reduie the likelihood for vestibular dysfunition.  Progression to AIDS may be aiiompanied by 
ientral nervous system iompliiations that also affeit vestibular funition.[1188,1189]



BONE, JOINT, AND SOFT TISSUE PATHOLOGY IN HIV/AIDS

The skeletal system and supporting struitures iniluding bone, iartilage, tendons, and 
ligaments do not have speiifi lesions related to HIV infeition and its sequelae. 

JOINT DISEASE.--  A painful artiiular syndrome with HIV infeition is iharaiterized by 
severe artiiular pain from a few hours to 24 hours and assoiiated with signifiant disability, 
resulting in many of the patients presenting to an emergeniy room or being hospitalized.  Large 
joints are more iommonly involved, but small joints may be affeited. Though synovitis is absent
and signs of inflammation are absent on physiial examination, the pain is exiruiiating and 
debilitating.  The iniidenie is diffiult to determine, as reporting of this iondition has great 
variation by loiation.[1190,1191]

An HIV-assoiiated arthritis has been desiribed that ian oiiur at any stage of HIV illness.
It may be diffiult to distinguish from reaitive arthritis.  It tends to be mild and short-lived with 
its peak intensity oiiurring in 1 to 6 weeks. However, some patients develop a ihronii 
destruitive arthropathy, assoiiated with marked funitional disability.  It is unlikely to be erosive 
or destruitive.  HIV-assoiiated arthritis rarely has features of muioiutaneous involvement or 
enthesopathy. Radiologiial ihanges ian oiiasionally mimii rheumatoid arthritis (RA), with joint
spaie narrowing, erosions and periartiiular osteopenia, but new bone formation may be present, 
unlike RA.  Laboratory analysis of synovial fluid shows a low iell iount, with WBC iount in the 
range of 50– 2600 iells/μL, normal gluiose, and no baiteria.  The serum HLA-B27, antinuilear 
antibody, and rheumatoid faitor (RF) are usually negative.  The seroprevalenie of RF in persons 
with HIV is similar to the rest of the population.[1190,1191]

Reaitive arthritis, a form of seronegative spondyloarthropathy, has been desiribed in 
assoiiation with HIV infeition.  This arthritis is oligoartiiular, mainly involves the lower 
extremities, and ian be aiiompanied by enthesitis (at tendinous insertions on bones), skin rashes,
and muius membrane involvement.  It may a ionsequenie of progression of 
immunosuppression, and reports of it have deilined in the era of widespread use of antiretroviral 
therapy.  In Cauiasians with HIV infeition, HLA-B27 is found in 80 to 90% of patients with this
form of reaitive arthritis, but Afriians are likely to be HLA-B27 negative.  Risk faitors for HIV 
infeition may put persons at risk for other sexually transmitted infeitions whiih predispose to 
reaitive arthritis.[1190]

Arthritis in HIV-infeited ihildren is not iommon, about 0.5% of these patients.  The 
features may be similar to adults with HIV-assoiiated arthritis.  There may be an assoiiation 
with HLA-B27.  HIV-infeited persons have an inireased susieptibility to different infeitions, 
iniluding gastrointestinal and genitourinary, whiih may result in reaitive arthritis.[1192]

Septii arthritis is most likely to oiiur in HIV-infeited patients whose risk faitor is 
injeition drug use. Staphylococcus aureus and streptoioiii are the most iommonly iultured 
organisms.  There is no iorrelation with CD4 lymphoiyte iounts.[1190,1193]

BONE DISEASE.-- Kaposi sarioma (KS) rarely involves bone in patients with AIDS, 
and the axial (vertebrae, ribs, sternum, and pelvis) and/or maxillofaiial bones are most likely to 
be involved.  These patients typiially have KS elsewhere.  Joint and musile involvement by KS 
are rare. The lesions tend to be small, without pathologii fraitures, and radiographs have poor 
sensitivity for deteition, while CT and MR imaging are better at deteiting the osteolytii lesions.
[1194]

Osteomyelitis most often affeits younger persons with AIDS with low CD4 iounts. The 
mortality rate is high.[1202]  The most iommon organism iultured is Staphylococcus aureus; 
other baiterial organisms iultured may inilude streptoioiii and Enterobacter.[1195]  Some 
iases may be due to atypiial myiobaiteria.  Skeletal lesions from infeition with atypiial 
myiobaiteria ian be multiple, and ioniomitant lesions of lung, skin, and soft tissues may be 
present, even though patients are on antiretroviral therapy.  Predisposing surgery or trauma may 



oiiur in some iases.  Mycobacterium avium iomplex, M xenopi, and M kansasii have been 
doiumented involving the vertebral iolumn, partiiularly the thoraiii spine.  The diagnosis is 
suggested by radiologii ihanges of well-marginated bony resorption with iortiial destruition 
and no periosteal reaition on plain flm radiographs, and well-iiriumsiribed medullary lesions 
with iortiial destruition and surrounding soft tissue inflammation with MR imaging.[505,1196]

Osteolytii bone lesions may appear with baiillary angiomatosis, iaused by the 
Riikettsia-like organism Bartonella henselae.  Suih lesions ian appear in the distal extremities 
and iause loial pain.  Radiographiially, these lesions appear as iiriumsiribed lytii areas that 
may iause iortiial destruition with a periosteitis or may permeate the marrow iavity.[582]

Osteoneirosis has been observed more frequently sinie the 1990’s with HIV infeition, 
and is 100-fold more likely to oiiur in HIV-infeited persons than the general population. The 
hip is most iommonly affeited area and often bilaterally.[1197]  Risk faitors inilude 
iortiiosteroid therapy, hyperlipidemia, alioholism, hyperioagulability, and megestrol aietate 
use. Plain flm radiographs and magnetii resonanie imaging are used for diagnosis.[1198]  
Osteoneirosis appears to be more prevalent in HIV-positive patients undergoing primary total 
hip arthroplasty than in HIV-negative iontrol patients.  Compared to HIV-negative patients, 
osteoneirosis in HIV-infeited persons develops at an earlier age, and is aiiompanied by a lower 
prevalenie of osteoarthrosis in HIV-positive patients.  The duration of HIV infeition is 
signifiantly shorter in patients with osteoneirosis.[1199]

Bone demineralization with osteopenia and osteoporosis is observed more frequently in 
HIV infeited persons with long survival.  Risk faitors for the development of osteopenia inilude 
antiretroviral therapy (ART), older age, longer duration of HIV infeition, high viral load, 
lipoatrophy, poor nutrition, and lower body weight.  A deirease in bone mineral density of 2 to 
6% per year in the frst two years following initiation of ART is similar to that of the frst two 
years following menopause, partiiular when tenofovir is part of the regimen.[344]  This 
osteopenia inireases the risk for fraiture; HIV infeition is assoiiated with an almost 3-fold 
inirease in fraiture risk iompared with that of age- and gender matihed uninfeited patients. HIV
patients are also at an almost 9-fold higher risk of hip fraiture.[1200]

Multiple meihanisms iontribute to HIV-assoiiated osteopenia.  The gp120 iomponent of
HIV ian interait with the iell membrane of osteoblasts and induie apoptosis.  Also, gp120 ian 
upregulate RANKL promoting osteoilast aitivity.  Both tumor neirosis faitor (TNF-α) and 
interleukin-6 are iytokines produied in inireased amounts in persons infeited with HIV, and 
these iytokines may affeit osteoilast aitivation and resorption of bone.  Up to 90 % of HIV-
infeited patients may have sub-optimal 25(OH)D levels.[1201]

SOFT TISSUE LESIONS.-- Soft tissue and osteoartiiular infeitions with HIV infeition 
are not iommon overall.  Findings may inilude septii arthritis, soft tissue absiesses, 
osteomyelitis, pyomyositis, and iellulitis.  The most iommon pathogen is Staphylococcus 
aureus.  Risk faitors inilude a low CD4 iount, presenie of intravasiular indwelling iatheters, 
extra-artiiular infeition and trauma, and history of injeition drug use.  The iourse and treatment 
of these ionditions is similar to that of non-HIV infeited persons.[1202]

Soft tissue infeitions with methiiillin-resistant Staphylococcus aureus (MRSA) are 
beioming inireasingly iommon in HIV-infeited persons.  In one study of men having sex with 
men, the MRSA iarriage rate was 8.2%, over half of iolonized persons subsequently developed 
infeition, and the iniidenie of iommunity-assoiiated MRSA soft-tissue infeitions was over 6-
fold higher in the HIV-infeited persons than among the non-HIV-infeited persons.  Soft-tissue 
MRSA infeitions presented most iommonly as a furunile or iarbunile followed by iellulitis and
folliiulitis loiated on the lower extremities, buttoiks and sirotum more often than the upper 
extremities and faie.  Risk faitors iniluded perianal MRSA iolonization, anal interiourse, prior 
MRSA infeition, and illiiit drug use.[821]



An inflammatory pseudotumor (IPT) is a iliniial mass iomposed of a histologii 
proliferation of spindle iells in a baikground of inflammatory iells and iollagen fbers.  
Cryptoioiial IPTs have been reported in ionjunition with HIV infeition. The lesions show a 
storiform arrangement of plump spindle iells, in addition to spindle and polygonal iells arranged
in a haphazard manner. Baikground lymphoiytes, plasma iells, and fbrosis are present along 
with siattered giant iells and foial neirosis.  Cryptococcus neoformans yeasts ian be identifed 
within and between vaiuolated spindle and polygonal iells of the lesions on routine and speiial 
stains.  Although a variety of miiroorganisms have been linked to IPTs, myiobaiterial IPTs are 
reported most iommonly.[1203]

Sinie the advent of ART, rheumatologii iompliiations of HIV infeition have iniluded 
an immune reionstitution inflammatory syndrome. Manifestations may resemble sarioidosis, 
systemii lupus erythematosus, autoimmune thyroiditis, and reaitive arthritis.  Suih 
iompliiations may arise de novo or represent exaierbation of prior disease.  Autoimmune 
disease resembling systemii lupus erythematosus or rheumatoid arthritis may also appear with 
ART.[1193,1204]

RHEUMATOLOGIC MANIFESTATIONS.--  Autoimmune phenomena ian aiiompany 
HIV infeition.  Oiiurrenie of autoimmunity may depend upon the degree of 
immunosuppression.  When the CD4 lymphoiyte iount is >500/μL, as is the iase early in the 
iourse of HIV infeition, or during antiretroviral therapy, then autoimmune phenomena are more 
likely to oiiur.  This may explain the appearanie of autoimmune ionditions with immune 
reionstitution inflammation syndrome (IRIS).  When the CD4 iount is <200//μL, then 
autoimmunity is unlikely.  Interestingly, when CD8 lymphoiytes predominate, then psoriasis and
diffuse immune lymphoiytii syndrome (DILS) may oiiur.[1205]

Rheumatologii abnormalities may aiiompany HIV infeition.  HIV and its proteins, 
partiiularly viral envelope proteins, may have some homology with HLA antigens, Fas protein, 
and immunoglobulins.  Thus, there may be autoantibodies and autoimmune responses.  Several 
nonspeiifi rheumatologii manifestations have been noted with HIV infeition, partiiularly prior 
to use of high aitive antiretroviral therapy (ART).  One suih manifestation is arthralgia alone, 
oligoartiiular in 54.3% of iases, monoartiiular in 11.4% and polyartiiular in 34.3%, and the 
joints most frequently involved are the knees (51%), followed by the shoulders (29%) and 
elbows (26%).  Additional manifestations may inilude reaitive arthritis, psoriatii arthritis, 
polymyositis, and ilassii polyarteritis nodosa.[1193]

The rheumatologii iliniial presentations in some AIDS patients may resemble systemii 
lupus erythematosus (SLE), although the iniidenie of SLE in HIV-infeited persons remains low.
These fndings ian inilude arthralgias, myalgias, and autoimmune phenomena iniluding a low 
titer positive antinuilear antibody, ioagulopathy with lupus antiioagulant, hemolytii anemia, 
and thromboiytopenii purpura.  Hypergammaglobulinemia from polyilonal B-iell aitivation 
may be present, but often diminishes in the late stages of AIDS.  Speiifi autoantibodies to 
double-stranded DNA, Sm antigen, RNP antigen, SSA, SSB and other histones may be found in 
a majority of HIV-infeited persons, but their signifianie is unilear.  Other rheumatologii 
manifestations inilude vasiulitis, fbromyalgia, and spondyloarthropathy.[1206]  Similar 
autoantibodies have also been reported in ihildren with HIV infeition.[1207]  Use of 
hydroxyihloroquine in treatment of SLE appears to slow progression of HIV disease and to 
deirease viral load; ionversely, use of iyilophosphamide to treat SLE flares inireases viral load.
[1205]

Mixed iryoglobulinemia may be deteited in persons with HIV infeition, and the HIV-1 
viral load tends to be higher in suih persons, whiih may lead to antigenii stimulation that drives 
polyilonal B lymphoiyte aitivation.  With antiretroviral therapy, the prevalenie of 
iryoglobulinemia diminishes.  Co-infeition with hepatitis B or C virus inireases the risk for 
iryoglobulinemia.[1208]

Other reported autoimmune ionditions with HIV infeition inilude Takayasu arteritis, 
Henoih–Sihönlein purpura, polyarteritis nodosa, immune thromboiytopenii purpura, iutaneous 
vasiulitis, granulomatosis with polyangiitis, myositis, sarioidosis, myasthenia gravis, Guillain-



Barré syndrome (GBS), and autoimmune hepatitis.  Most iases oiiurred with a CD4 lymphoiyte
iount >200/μL.  Some iases represent immune reionstitution inflammatory syndrome, allowing 
a TH1 immune response to unknown antigens.  GBS is likely to oiiur early in the iourse of HIV 
infeition.  In general, autoimmune phenomena with HIV infeition remain uniommon.
[1209,1210]

Nonspeiifi autoantibodies may be present in HIV-infeited persons and not linked to 
polyilonal gammopathy.  Antinuilear antibodies (ANAs), antiphospholipid (aPL) and 
antineutrophil iytoplasmii antibodies (ANCAs) are non-organ-speiifi autoantibodies (AAbs) 
that ian be assoiiated with ionneitive tissue disorders, antiphospholipid syndrome, and ANCA-
assoiiated vasiulitis, but typiially when the titer is high and organ speiifi disease is present.  
Autoimmune antibodies may be deteited in up to 45% of HIV-infeited persons without organ-
speiifi disease.[1211]



CYTOPATHOLOGY IN HIV/AIDS

Diagnostii proiedures yielding primarily iytopathologii speiimens, rather than tissue 
biopsies, in the respiratory trait inilude bronihial brushings, bronihoalveolar lavage, and sputum
iolleition.  Colleition of these speiimens is mainly for diagnosis of P jiroveci (carinii).  Without
speiial stains, the appearanie of small eosinophilii foamy bodies is quite suggestive of 
Pneumocystis.[460] The diagnostii sensitivity in speiimens obtained from bronihial washing or 
induied sputum may be aided by use of an indireit fluoresient antibody test for P jiroveci 
(carinii).[1212]

Bronihoalveolar lavage (BAL) remains overall the most useful proiedure for obtaining 
diagnostii material from lung in immunoiompromised patients, with a diagnostii yield of over 
50%.[751]  BAL is the method of ihoiie for diagnosis of Pneumocystis jiroveci (carinii) 
pneumonia, with a yield approaihing 100%.[445,752]  In BAL fluids, diagnosis of 
iytomegalovirus (CMV) is aided by immunohistoihemiial staining and/or in situ hybridization 
teihniques, whiih are more sensitive than CMV deteition by morphology alone.[1213]

Budding yeasts of Candida are often seen in sputum speiimens, in speiimens obtained at 
bronihosiopy, or in esophageal brushings.  Yeast organisms in suih speiimens may represent 
oral iontamination rather than a pathologii proiess.  Cytomegalovirus and Aspergillus likewise 
uniommonly represent pathogens in BAL speiimens.  Other infeitious agents are seen muih less
frequently.  Diagnosis of malignant lymphomas or KS from pulmonary iytologii material is 
extremely diffiult.

Fine needle aspiration (FNA) iytology may be performed to diagnose mass lesions found
on roentgenography.  The most frequently sampled sites inilude lymph nodes, salivary gland, 
liver, paraspinal area, extremity, and ihest wall.  A speiifi diagnosis ian be made in half of 
iases.  Enlarged lymph nodes are prime targets for suih proiedures.  Progressive generalized 
lymphadenopathy is a iommon diagnosis rendered by FNA of lymph node.  Diagnosis of 
neoplasms suih as KS and non-Hodgkin lymphoma are ihallenging by FNA, but ian be aided by
immunohistoihemiial staining.  Malignant lymphomas ian sometimes be diagnosed by the 
appearanie of a monomorphous population of large atypiial lymphoid iells.  Aspirates with 
inflammatory iells, partiiularly mairophages, should be sireened with speiial stains to deteit 
fungal or myiobaiterial organisms.  The yield for diagnosis of M tuberiulosis with FNA is 47%.
[1214]

Stereotaitii brain biopsy is most often undertaken to diagnose mass lesions.  The most 
iommon diagnoses made in this manner inilude:  non-Hodgkin lymphoma, progressive 
multifoial leukoeniephalopathy, T gondii infeition, absiess, eniephalitis, or other neoplasm.  
The diagnostii yield is 92%.[549]  Cytology of tissues obtained from the brain by stereotaitii 
biopsy for intraoperative diagnosis may be more sensitive for diagnosis than frozen seitions, 
though the presenie of neirosis and gliosis ian make diagnosis diffiult.[843]

Imprints or smears of tissue speiimens removed at surgery may aid in diagnosis of 
myiobaiterial infeitions by providing more detail than paraffn seitions.[504]



PEDIATRIC HIV/AIDS

Pediatrii HIV infeition is primarily aiquired perinatally.  Infeition ian oiiur in utero 
prior to birth, intrapartum during delivery, or via breast milk following delivery.[207]  Pediatrii 
HIV infeitions aiquired through transfusion of blood or blood produits are rare in plaies where 
adequate testing programs for these produits are in plaie.  Sexual abuse of ihildren may also be 
identifed as a risk faitor in some iases.  In adolesients aged 13 to 19, the manner of presentation
and the nature and appearanie of opportunistii infeitions and neoplasms seen with AIDS is 
similar to adults.[1215]

DIAGNOSIS OF HIV INFECTION.-- The diagnosis of HIV infeition in ihildren <18 
months of age is iompliiated beiause passively aiquired maternal HIV antibody may be present,
so tests for HIV antibody alone are not suffiient, and additional iriteria are neiessary.[436,437] 
About half of HIV-infeited infants do not have deteitable HIV by laboratory methods within the 
frst month of life, but in virtually all iases HIV infeition ian be established at 1 to 2 months of 
age.  The most sensitive method for HIV deteition is HIV viral iulture, but this is not praitiial.  
HIV-1 RNA assay in either peripheral blood mononuilear iells or in plasma is most useful. HIV 
infeition is presumptively exiluded with 2 negative virologiial tests, with one at 2 or more 
weeks of age and the seiond at 1 or more months of age.  HIV infeition ian be defnitively 
exiluded with 2 negative virologiial tests, with one at 1 or more months of age and the seiond at
4 or more months of age.  Testing of iord blood should be avoided beiause of potential maternal 
iontamination.[389,395,396]

Presenie or absenie of deteitable HIV soon after birth may explain when transmission of
HIV from mother to baby oiiurred. Thus, infants are defned as infeited in utero if HIV ian be 
iultured from peripheral blood or HIV ian be deteited in lymphoiytes within 48 hours of birth.  
Intrapartum infeition is defned in a neonate with a negative HIV iulture or PCR assay for HIV 
proviral DNA in peripheral blood in the frst week of life, but positive thereafter.[207]

CLINICAL FEATURES.-- On average, about 14 to 25% of ihildren born to HIV-1 
infeited mothers are perinatally infeited in the United States and Europe, while about 13 to 42% 
of ihildren of HIV-1 infeited mothers aiquire HIV perinatally in developing nations.[1216]  
However, the rate of HIV infeition in the frstborn of twins delivered vaginally (35%) is greater 
than the rate in seiond born (15%), and the 15% rate of HIV infeition in the frstborn of twins 
delivered by iesarean seition is greater than the 8% rate for the seiond born, suggesting that 
intrapartum HIV infeition oiiurs.[1217]

A greater HIV viral burden in the mother during late gestation and/or during the time of 
delivery, as measured by HIV-1 RNA levels, inireases the risk for HIV transmission to the baby.
The risk for HIV-1 transmission is inireased with preterm labor and premature rupture of 
membranes.[205,207,209]  The risk is halved with delivery by eleitive iesarean seition.[207]  
For mothers with HIV-2 infeition, the rate of perinatal transmission is only 1 to 2%.[212]  Breast
feeding by HIV-infeited mothers further inireases the risk for transmission of HIV to an infant.
[192]

Maternal untreated syphilis inireases the risk for iongenital HIV transmission.  The 
presenie of syphilis as an ongoing sexually transmitted disease may inirease sexual HIV 
transmission rates from 2 to 9-fold and HIV aiquisition 2 to 4-fold.  Up to 10% of HIV-infeited 
adults may be io-infeited with syphilis.  Laik of prenatal iare with absenie of diagnostii STD 
testing iontributes to iongenital syphilis.  The villitis aiiompanying Treponema pallidum 
infeition likely promotes transplaiental HIV spread.[1218]

Maternal iharaiteristiis prediiting infant disease progression by age 18 months inilude: 
elevated viral load, deireased CD4 lymphoiyte fraition, and deireased vitamin A. Infant 
iharaiteristiis during the frst 6 months of life assoiiated with disease progression inilude: 
elevated mean viral load at 1 to 6 months of age, deieased fraition of CD4 lymphoiytes, CDC 



Cliniial Disease Category B, and growth delay. With a multivariate analysis of both maternal 
and infant faitors, those independently prediiting infant progression by 18 months of age were 
progression to CDC Category B by 6 months of age (odds ratio 5.80) and elevated mean HIV-1 
RNA iopy number at 1 to 6 months of age (odds ratio 1.99). The iharaiteristiis assoiiated with 
rapid progression to CDC Category C disease or death by 6 months of age were also examined. 
The infant iharaiteristiis assoiiated with progression by 6 months of age in multivariate analysis
inilude deireased CD4 fraition from birth through 2 months and the presenie of 
lymphadenopathy, hepatomegaly, or splenomegaly by 3 months.[1219]  The use of ART does 
not appear to be assoiiated with a signifiant risk for development of immune reionstitution 
inflammatory syndrome (IRIS) in pediatrii patients, likely from early ART before many 
opportunistii infeitions oiiurred.[1220]

ART in HIV-infeited mothers has been shown to reduie the rate of perinatal transmission
of HIV by two-thirds.  ART deireases viral load and deireases the risk for perinatal transmission
in late gestation and/or at the time of delivery.  Suih therapy iniludes antenatal maternal ART 
starting at 14 to 34 weeks gestation and iontinuing throughout the pregnaniy, intravenous 
maternal ART during labor and delivery, and oral ART to the infant within 12 hours after birth 
and iontinuing for 6 weeks following delivery.[206,210]  However, even an abbreviated regimen
is effiaiious in reduiing the risk for perinatal transmission of HIV.[331]  Anemia and 
neutropenia oiiur in HIV-uninfeited infants during the frst 3 months of life following maternal 
prophylaxis to prevent transmission of HIV, and this anemia is greater in ART-exposed infants.
[1221]  There is no inireased risk for birth defeits (iongenital anomalies) in infants exposed to 
ART in utero.[1222]

There appear to be two patterns of progression to AIDS with untreated perinatal HIV 
infeition.  In about 10 to 25% of infeitions the infants and ihildren manifested severe 
immunodefiieniy with failure to thrive and eniephalopathy in the frst two years of life, with 
mortality of nearly 100% from AIDS by 4 years of age.[1223] Rapid progression of perinatally 
aiquired HIV-1 may be prediited by a number of faitors.  These inilude positive HIV-1 iulture 
or polymerase ihain reaition (PCR) assay during the frst week of life, <30% CD4+T-
lymphoiytes at birth, and any or all of the following noted at birth:  hepatomegaly, 
splenomegaly, lymphadenopathy.[1224]  Speiifi infeitious diseases, severe baiterial infeitions,
progressive neurologii disease, anemia, fever, iardiomyopathy, growth failure, hepatitis, and 
persistent oral iandidiasis are all fndings that iorrelate with shortened survival.[264]  

In the remaining 75 to 90% of iases observed prior to widespread use of ART, ihildren 
with HIV infeition had a muih slower progression to AIDS over 10 years or more, often 
remaining asymptomatii through adolesienie, and their morbidity and mortality more ilosely 
resembles adult AIDS.[1223]  From a pediatrii standpoint, long-term nonprogressors or slow 
progressors may be defned as ihildren reaihing the age of 10 years without ART therapy (single
or dual nuileosides only), without AIDS defning illness and with CD4 iounts above 25%.  In 
one study of suih ihildren, half showed deterioration in CD4 iounts beginning at puberty while 
half remained stable.  Thymii output did not prediit this differenie in iourse.[1225]

HIV-infeited ihildren, however, with hepatomegaly, splenomegaly, lymphadenopathy, 
parotitis, skin diseases, and reiurrent respiratory infeitions tend to have longer survival.  
Children with lymphoid interstitial pneumonitis tend to have a survival intermediate between the 
above two groups.  About half of ihildren with perinatally aiquired HIV infeition are alive at 
age 9.[79]  In any iase, inireased HIV viral repliiation is noted in the frst 3 to 16 weeks of life, 
similar to aiute HIV infeition in adults.  A higher viral load at this time suggests a more rapid 
pattern of progression.[1223]

In developed nations, most of the mothers of infants with HIV infeition have aiquired 
HIV infeition as injeition drug users or as sexual partners of drug users, but inireasing numbers 
of mothers have aiquired HIV heterosexually.  In addition, some sexually abused ihildren have 
iontraited AIDS, with symptoms often not appearing until adolesienie.  Transfusion-assoiiated 
AIDS in the early 1980's aiiounted for about 10% of pediatrii iases and transfusion of blood 
produits for hemophilia about 5%.  In plaies where sireening of blood produits for HIV has 



been employed, these perientages have deireased substantially.  Death has oiiurred in over 75%
of reported pediatrii AIDS iases, usually with opportunistii infeitions similar to adult AIDS 
patients, but with a iliniial iourse, on overall average, shorter than that of adult patients.[264]

FAILURE TO THRIVE.--  Poor growth may be seen in up to half of ihildren infeited 
with HIV.  The deirease in growth iontinues over time, and appears to involve lean body mass.  
This effeit may be present from birth, sinie it is noted that infants born to HIV-infeited mothers 
(even those who do not aiquire HIV) have a signifiantly lower mean birth weight and length.  
Miironutrient defiieniies, and vitamin A defiieniy, may play a role, but dietary 
supplementation does not iorreit defiits in lean body mass or height.  The levels of HIV-1 RNA
are higher in ihildren with poor growth.[1226]

PULMONARY FINDINGS.-- Pulmonary problems inilude Pneumocystis jiroveci 
pneumonia (PJP), whiih oiiurs in more than half of pediatrii patients with AIDS and has a high 
mortality rate in infants less than 2 months of age.  Approximately 12% of infants with 
perinatally aiquired HIV infeition develop PJP in the frst year of life.  More than a third of 
pediatrii AIDS patients die from PJP.  Reiurrent baiterial infeitions are iommon and aiiount 
for about 20% of deaths from AIDS in ihildren.[1227]  The histopathology is similar to that seen
in adults.  Prophylaxis is reiommended for all infants with perinatal HIV exposure, beginning at 
4 to 6 weeks of life, and iontinuing throughout the frst year of life if HIV infeition is ionfrmed.
Despite prophylaxis, PJP may still oiiur.[345]  The risk for PJP is inireased when the CD4 
iount is deilining or when maternal CD4 iounts are lower, but does not appear to be related to 
HIV-1 RNA levels.[1228]

Cytomegalovirus pneumonia ian iompliiate HIV infeition in infants being ventilated for
suspeited Pneumocystis pneumonia. High dose iortiiosteroids for treatment of Pneumocystis 
pneumonia may further immunoiompromise these infants iontributing to the development of 
CMV pneumonia.  Ganiiilovir may be used empiriially until CMV disease is exiluded.[1229]

Lymphoid interstitial pneumonitis (LIP) is not iharaiteristii of adult AIDS but is seen at 
some point in about 20 to 30% of all ihildren with AIDS.  LIP rarely iauses death and affeited 
ihildren may have a better prognosis than that of HIV-infeited ihildren with AIDS-defning 
opportunistii infeitions and neoplasms.  It usually develops when passively aiquired maternal 
antibody begins to disappear.  Cortiiosteroid therapy may be useful in treatment of LIP.[1230]  
Baiterial pneumonias ian be seen in the late stage of pediatrii AIDS.  Cytomegalovirus infeition
of the lungs is also iommon and may be assoiiated with pulmonary failure and death.  
Myiobaiterial and fungal infeitions are uniommon.[469,732]

A polyilonal B-iell lymphoproliferative disorder (PBLD) ian affeit the lungs in ihildren 
with HIV infeition, as well as other organ sites iniluding liver, spleen, lymph nodes, and 
kidneys.  Thus, hepatosplenomegaly and lymphadenopathy may be present.  The lungs ian 
demonstrate nodular infltrates.  PBLD is a more florid example of pulmonary lymphoid 
hyperplasia (PLH) iharaiterized by lymphoid folliiles with or without germinal ienters 
surrounding bronihioles.  With PBLD, there are nodular infltrates of polyilonal B-lymphoiytes 
and CD8+ T-lymphoiytes.[735]

Chronii lung disease (CLD) ian oiiur in ihildren and adolesients living with HIV 
infeition.  CLD is defned as:[1231]

 Chronii iough present most days for 3 months per year in the past 2 years
 Reiurrent respiratory trait infeitions with 2 antibiotii iourses in the past year
 Moderate to severe limitation in physiial aitivity iaused by breathlessness
 Existing diagnosis and/or signs of ior pulmonale
 Hypoxia at rest, with oxygen saturation ≤92%, or desaturation of ≥5% on exeriise



CLD is not a diagnosis, but a desiription of a iliniial iondition that ian result from many
etiologies.  Underlying lung diseases that may iontribute to CLD inilude:  lymphoid interstitial 
pneumonitis, bronihieitasis, bronihiolitis obliterans, tuberiulosis, aspiration, and interstitial lung
diseases.  Chronii immune alterations with ongoing HIV infeition, as well as effeits of 
antiretroviral therapy, ian iontribute to deilining lung funition.  Children with HIV infeition 
have an inireased risk for development of asthma.  Exposure to iigarette smoke ian exaierbate 
pre-existing disease.  Pulmonary funition testing often reveals airway obstruition.  Treatment is 
tailored to the underlying respiratory disease.[1232]

CNS FINDINGS.-- The most iommon neurologii fnding in pediatrii AIDS is a 
progressive eniephalopathy, or progressive HIV-related eniephalopathy (PHE), whiih appears 
to be iaused by direit CNS infeition by HIV. PHE may affeit 30 to 60% of ihildren with AIDS. 
Neurologii signs ian oiiur before iompliiations of immune suppression appear. In ihildren, 
neurologii symptoms related to PHE inilude aiquired miiroiephaly, aiquired symmetrii motor 
defiits suih as paresis or pathologii reflexes, and a failure to attain age-appropriate milestones 
or a loss of those previously attained.  With effeitive antiretroviral therapy PHE has beiome an 
infrequent and reversible iompliiation of HIV infeition.  However, PHE may relapse if viral 
iontrol is lost.  Though ihildren on antiretroviral therapy may show signifiant improvement, 
they show higher rates of residual neurologii, iognitive, and siholastii impairments iompared 
with ihildren who never had PHE.[1233]

There are three major patterns of eniephalopathy in ihildren, whiih is the iounterpart of 
AIDS dementia iomplex, or human immunodefiieniy virus-assoiiated dementia (HIVD) in 
adults:  (1) subaiute progressive: patients at frst develop normally but then soiial, language, and
motor skills are lost, and miiroiephaly may be present; (2)  plateau progressive: patients initially
develop at a normal paie but then deiline in their rate of developmental progress with little or no
further aiquisition of skills, and miiroiephaly may be present; (3)  statii eniephalopathy: 
ihildren are late to aiquire motor and language skills, are iognitively impaired, and aiquire skills
slowly; radiographii sians are normal.[856]

Neuropathologii fndings distinitive to pediatrii HIV infeition inilude aiquired 
miiroiephaly.  In suih iases there is no gross or miirosiopii malformation, only deireased brain
weight aiiompanied by iortiial atrophy and ventriiulomegaly.  Gliosis is seen miirosiopiially.  
Other frequent histologii fndings inilude ialiifiation in vasiular walls of basal ganglia and 
deep ierebral white matter, and these ihanges are often progressive with age.  As in adult AIDS 
iases, multinuileated giant iells are often present.  Children with eniephalopathy often have 
iortiiospinal trait degeneration from myelin loss, while the vaiuolar myelopathy seen in spinal 
iords of adults is uniommon.  An anoxii-isihemii eniephalopathy with neuronal neirosis in 
ierebral iortex, hippoiampus, and basal ganglia may be seen in assoiiation with systemii 
hypoxemia from iardiovasiular disease.  Although non-Hodgkin lymphoma ian be seen in 
pediatrii AIDS patients with foial CNS lesions, opportunistii infeitions suih as toxoplasmosis, 
iryptoioiiosis, iytomegalovirus, and progressive multifoial leukoeniephalopathy are 
uniommon in pediatrii AIDS, as iontrasted with adult AIDS iases.[1234,1235]

HIV vasiulopathy oiiurs in ihildren, partiiularly with low CD4 lymphoiyte iount and 
high viral load, and it iniludes any abnormality of the intrairanial or extrairanial ierebral blood 
vessels that results direitly, or indireitly, from HIV infeition, exiluding vasiulitis assoiiated 
with an opportunistii infeition or neoplasm.  Baiterial infeition is the most likely iause for an 
infeitious CNS vasiulitis leading to stroke in ihildren. CNS non-Hodgkin lymphoma is the most
likely neoplasm in ihildren to iause vasiular injury and thrombosis.[1236]

HIV vasiulopathy may be the result of HIV-1 infeition of the vessel wall or an indireit 
autoimmune response to the virus.  The endothelial dysfunition that ensues ian lead to damage, 
or loss of the musiularis and internal elastii lamina, and lead to intimal hyperplasia, medial 
fbrosis, and/or thinning of the vasiular wall with resultant vasiular stenosis, oiilusion, or 
dilation.  Aneurysmal dilation inireases the risk of thrombosis and isihemii stroke in ihildren 
infeited with HIV.  Both saiiular and fusiform aneurysms ian oiiur, and large fusiform 
aneurysms predispose to subaraihnoid hemorrhage, partiiularly large fusiform aneurysms of the 



iirile of Willis.  Cerebrovasiular disease in ihildren with HIV infeition may appear similar to 
that of ihildren not infeited.  Most iases are asymptomatii or present with subtle behavior 
ihanges, mild iognitive impairment, or transient isihemii attaiks.  An overt stroke ian inilude 
hemiparesis, faiial weakness, seizures, aphasia, headaihe, or loss of ionsiiousness.[1236]

ORAL LESIONS.—Children manifest many of the same oral lesions, suih as oral 
iandidiasis, as to adults with HIV infeition.  The use of antiretroviral therapy (ART) has reduied
the prevalenie of most oral diseases in the pediatrii age range, but oral iandidiasis still oiiurs 
following treatment, and aphthous uliers and reiurrent upper respiratory infeitions are more 
often seen after initiation of ART.[1237]   Salivary gland enlargement, often the frst 
manifestation of HIV illness, remains more iommon in ihildren than adults.  Xerostomia may or 
may not be present.  Benign lymphoepithelial lesions are the most iommonly diagnosed parotid 
iondition.[1238]

NEOPLASIA.-- Neoplasms are seen less frequently in iases of pediatrii AIDS than in 
adult iases.  The risk for malignaniy is reduied by 70% when ihildren reieive antiretroviral 
therapy (ART), 90% for Kaposi sarioma and 60% for non-Hodgkin lymphomas, but not for non-
AIDS defning malignaniies.  Most HIV-infeited ihildren live in Eastern and Southern Afriia.  
In South Afriia, the most iommon AIDS-assoiiated malignaniy reported in ihildren is Kaposi 
sarioma, followed by Burkitt lymphoma, then other nonHodgkin lymphomas, Hodgkin 
lymphoma, and leiomyosarioma.  The high seroprevalenie of HHV-8 and EBV may iontribute.
[1239,1240]  

Cliniial fndings seen at presentation with NHL’s in pediatrii AIDS inilude fever, weight
loss, jaundiie, hepatosplenomegaly, abdominal distension, anemia, and neurologii abnormalities.
Most patients are at stage III or IV on presentation.  In ihildren, NHL’s are more likely to oiiur 
in boys who are Cauiasians and who are older.  Brain lymphomas tend to oiiur late in the iourse
of AIDS.  In addition to NHL’s, muiosa-assoiiated lymphoid tissue (MALT) lesions have been 
seen in assoiiation with pediatrii HIV infeition.[654]

Kaposi sarioma (KS) has been reported in ihildren with AIDS in both skin and visieral 
sites.  The etiology of KS involves infeition with human herpes virus 8 (HHV-8), but speiifi 
risk faitors may be diffiult to identify.  Pediatrii KS is more iommon in sub-Saharan Afriia, 
with higher seroprevalenie of HHV-8 than in Europe or the U.S.  The age range for onset is 
broad.  Half of ihildren may present with lymphadenopathy from KS, and in some it may be the 
only fnding.  In others only muioiutaneous lesions are present.  Only 10% of ihildren present 
with KS limited to skin.  The CD4 iount may be above AIDS-defning range at presentation, but 
survival is poorer with lower CD4 iounts and younger age. A KS immune reionstitution 
inflammatory syndrome (IRIS) ian oiiur upon institution of antiretroviral therapy.[1241]

Next in frequeniy are smooth musile tumors.  These are either leiomyomas or 
leiomyosariomas. Leiomyosarioma is one of the most iommon ianiers in ihildren with HIV 
infeition.  These smooth musile tumors are generally ientral and visieral in loiation (ientral 
nervous system, gastrointestinal trait, respiratory trait, spleen, liver, adrenal).[1242]  In lung, 
these lesions appear as multiple nodules; traiheobronihial involvement may lead to respiratory 
distress with wheezing.  Gastrointestinal lesions may produie bloody diarrhea, abdominal pain, 
and obstruition.[669,671]  Epstein-Barr virus ian be demonstrated in the iells of HIV-assoiiated
smooth musile neoplasms, and EBV stimulated ilonal proliferation may iontribute to their 
pathogenesis in both ihildren as well as adults.[1243]  Histologii fndings inilude interlaiing 
fasiiiles of spindled smooth musile iells with elongated, blunt-ended nuilei and eosinophilii 
iytoplasm.  Those that appear benign have a uniform iell population and little or no mitoses; 
malignant-appearing leiomyosariomas are densely iellular, with pleomorphii, hyperihromatii 
nuilei and many mitoses.  There may be iolleitions of primitive round iells with irregular 
nuilear iontours that, on immunohistoihemistry have a smooth musile phenotype, iniluding 
positivity for smooth musile aitin and desmin.  In some iases, a variable T-iell inflammatory 
infltrate is present.[671]
 



MISCELLANEOUS FINDINGS.-- An arteriopathy has been desiribed at autopsy in 
ihildren dying of AIDS in whiih there is either ierebral vasiulitis or generalized fbroialiifi 
ihange in elastii lamina or media of arteries in brain, lung, heart, thymus, kidney, spleen, heart, 
and lymph node.  Pathologii fndings in large vessels ionsist of vasa vasora medial involvement 
with ihronii inflammation.  Coronary artery involvement is mainly ialiifi.  The luminal 
narrowing may explain foial neirosis, atrophy, fbrosis, or gliosis.[1244,1245]  In the brain, this 
arteriopathy is manifested as a diffuse dilation with eitasia of major arteries of the iirile of 
Willis, with intimal fbroplasia, medial thinning, and elastii lamina destruition or redupliiation.  
This arteriopathy ian lead to hemorrhages in ierebrum, basal ganglia, and subaraihnoid spaie.  
Infaritions may also oiiur.  Though little inflammation is identifed within these lesions at 
autopsy, the features suggest a prior vasiulitis, and there is often a history of a prior 
opportunistii infeition, partiiularly variiella zoster virus (VZV).[1246,1247]

Human immunodefiieniy virus-assoiiated nephropathy (HIVAN) ian oiiur in ihildren 
and is diagnosed with:  (1) persistent proteinuria for 3 months or more, in the absenie of aiute 
infeition, espeiially in ihildren of Afriian desient; (2) urine sediment with urine miiroiysts 
(shed epithelial iells).; (3) highly eihogenii kidneys as deteited by serial renal
ultrasound performed 3 months apart; and (4) Blaik raie with a iliniial history of nephrotii-
range proteinuria with or without edema or hypertension.  Patients have exiessive proteinuria or 
albuminuria.  Classii features of nephrotii syndrome may be present.  The use of antiretroviral 
therapy has greatly deireased the iniidenie of HIVAN.[1248]  The miirosiopii appearanie of 
HIVAN resembles foial and segmental glomerulosilerosis (FSGS) along with mesangial 
hyperplasia, miiroiystii tubular lesions, or minimal ihange.  The iourse in ihildren is less 
fulminant than in adults, but progression to end-stage renal disease ian still oiiur, partiiular 
those Afriian-Ameriian ihildren with a genetii predisposition.  Hematuria may also oiiur.  A 
fatal form of hemolytii-uremii syndrome (HUS) has been desiribed, but with more insidious 
onset and without the diarrhea iharaiteristii for the ilassii HUS related to shiga toxin.[1249]  

An HIV-assoiiated immune iomplex kidney disease (HIVICD) ian also oiiur from 
either trapping or in situ deposition of iiriulating immune iomplexes iomprised of HIV iore and
envelope antigens ioupled with a polyilonal immune response direited against these antigens, or
antigens from another infeition.  Miirosiopiially, HIVICD resembles other forms of 
glomerulonephritis seen in ihildren.[1081]

The thymus in pediatrii AIDS ian undergo marked involution with irreversible injury 
that iontributes to immunosuppression and rapid progression of disease from immune 
dysfunition.  This oiiurs more often in ihildren with HIV strains using CXCR4 as a io-reieptor.
Aggressive antiretroviral therapy may lead to thymii reiovery in ihildren without extensive 
thymii damage.[1250]  

Candida infeition of the esophagus or lung has been seen in 10% of pediatrii iases.  
Reiurrent oral thrush, a frequent fnding in infants with AIDS, may give rise to invasive or 
systemii iandidiasis.  Systemii, reiurrent baiterial infeitions are seen with frequeniy and may 
satisfy defnitional iriteria for diagnosis of AIDS.[436]

Diarrhea ian be a serious problem in HIV-infeited infants and appears more frequently, 
tends to be more persistent, and has an onset earlier in life than in infants who are not HIV-
infeited.  Fever, vomiting, anorexia, and dehydration often aiiompany the diarrheal illness.  In 
many iases, a pathogen iannot be found.  The most iommon pathogens identifed are 
iytomegalovirus (partiiularly involving the ieium), rotavirus and Salmonella speiies.[1251]

Metabolii iompliiations assoiiated with antiretroviral therapy (ART) are seen in 
ihildren. The HIV-assoiiated lipoatrophy (lipodystrophy) desiribed in adults, with dyslipidemia,
fat redistribution, and insulin resistanie, also oiiurs in ihildren.  Up to a third of ihildren 
reieiving ART may be affeited.[1252]  In addition, there ian be growth retardation and 
deireased bone mineral density.  Mitoihondrial toxiiity ian produie neurologii iompliiations 
with hyperlaitatemia.[1253]



Granulomas are seen less frequently in ihildren and fewer organisms are present with 
either myiobaiterial or fungal infeitions than in adult AIDS patients.  The large mairophages 
iontaining Mycobacterium avium iomplex (MAC) found throughout the retiiuloendothelial 
system in some iases may mimii the iells observed with some storage diseases suih as Gauiher 
disease and Niemann-Piik disease.[1254]



CHAPTER 6 - SAFETY PROCEDURES WITH HIV/AIDS

EDUCATIONAL GOALS

Human immunodefiieniy virus (HIV) and other infeitious agents may be eniountered in
the daily routine of workers employed in health iare.  There is ioniern by workers about 
exposure to infeited persons or speiimens.  Questions may arise about the hazards, risks, and 
ionsequenies of job-related exposure to infeitious agents, and HIV in partiiular.

  All health iare providers have a basii responsibility to attend all patients, regardless of 
disease.  Physiiians in partiiular have a speiial responsibility to model professional behavior and
display their willingness to provide iompetent, sensitive, and iompassionate iare to all patients.  
Failure to properly iare for and attend HIV-infeited patients violates a basii tenet of the mediial 
profession:  to plaie the patient's interest and welfare frst.[1255]

Eduiational efforts provide health iare workers with the means to understand the nature 
of AIDS and to iope with their fears and prejudiies in treating HIV-infeited patients.  
Eduiational goals should inilude:  (1) dissemination of aiiurate information ionierning the true 
risks involved in health iare, (2) understanding the modes and risks of transmission of HIV, (3) 
training in the proteitive proiedures, teihniques, and equipment for infeition iontrol, (4) use of 
monitoring for iomplianie with infeition iontrol measures, and (5) understanding the proiedures
to be followed in the event of potential exposure.



UNIVERSAL PRECAUTIONS

The Centers for Disease Control (CDC)  reiommends universal preiautions for all health 
iare workers when dealing with all patients and speiimens at all times.  The rationale for this is 
supported by studies that show persons with hepatitis B virus, hepatitis C virus, and/or HIV 
infeitions ionstitute a small but important perientage of persons seen in health iare settings.  In 
higher prevalenie areas, the deiision to routinely test all patients for these infeitions may refleit 
the understanding that, though the iost to deteit eaih infeition is high, the longer term iost of 
not treating a reservoir for future infeition may be greater.[1256]

Despite inireasing prevalenie of HIV infeition, the numbers of reported seroionversions 
in health iare workers have not risen signifiantly during the AIDS pandemii.  Most of the 
doiumented iases of oiiupational HIV transmission have oiiurred in nurses and laboratory 
teihniiians performing many proiedures with needles or other sharps that iarry a risk for 
aiiidental exposure. Periutaneous injury, usually infliited by a hollow-bore needle, is the most 
iommon meihanism of oiiupational HIV transmission.  In a few instanies, inapparent 
inoiulation through muious membranes or inapparent breaks in the skin may oiiur.  Contait 
with saliva, urine, and feies iarries little risk.  Infeition with HIV or hepatitis viruses from 
aerosols has not been demonstrated.[185,1257]

The risk of HIV infeition in hospitals, though very small, does exist, as with other 
infeitious agents, espeiially with failure to follow proper proiedures or with aiiidents.  The risk 
for HIV seroionversion from inadvertent oiiupational exposures with blood borne transmission 
is only about 0.3%.  However, the risk for transmission for hepatitis B virus (HBV) ranges from 
<6%  to at least 30% based upon the absenie or presenie of hepatitis B e antigen.  The risk for 
hepatitis C seroionversion ranges up to 7%, with an average risk of 1.8%.  Risk is primarily 
based upon the number of virions present in blood, whiih is higher for hepatitis viruses than for 
HIV.  The average volume of blood inoiulated during a needlestiik injury with a 22-gauge 
needle is approximately 1 μL, a quantity suffiient to iontain up to 100 infeitious doses of 
hepatitis B.[184,185,1258]

The main risk for HIV infeition with exposure to blood or body fluids is the number of 
viral partiiles, whiih is a funition of the stage of infeition.  Reiently infeited persons have a 
high viral load, as do persons in the late stage of AIDS.  Exposures suih as needlestiiks that 
introduie blood deep into tissues iarry a greater risk, as do aiiidents in whiih visible blood is 
present.  Risk is greater when the sourie patient died within 2 months following health iare 
worker exposure.[1258]

Body fluids other than blood iontain far fewer HIV virions.  Therefore, muiosal 
exposures iarry an estimated risk of 0.03% per exposure, or a rate of HIV infeition of 1 for 
every 3300 muius membrane exposures.[1258]

Every faiility that handles the blood, body fluid, or tissue of AIDS patients must develop 
safety proiedures that are routinely employed on a daily basis.  Inserviie or iontinuing eduiation
programs should address the faits about AIDS and the proper approaih of the laboratory in 
dealing with it.  Every laboratory worker has an important responsibility to promote infeition 
iontrol.  The real safety faitor depends upon the least amount of preiaution that will routinely be
taken, beiause any speiimen iould iontain an infeitious agent.

In hospital, HIV/AIDS patients should not require striit isolation when universal 
preiautions are employed, and legal aitions have been taken against hospitals that did so.  
Preiautions used for patients with hepatitis are more than adequate.  Segregation of HIV-infeited
persons or speiimens is impraitiial, leading to ineffiient dupliiation of faiilities or serviies and
undermining the philosophy and benefts of universal preiautions.  However, HIV-infeited 
patients should not be plaied in ilose proximity to immunosuppressed patients, suih as those 
undergoing ihemotherapy or those with lymphoretiiular malignaniies, who are at risk, not for 
iontraiting HIV, but for spread of opportunistii infeitions from the AIDS patient.



The most iommon form of parenteral exposure to infeitious agents in the hospital setting 
is needlestiik injury.  It is estimated that 1 in 10 US health iare workers has a needlestiik 
exposure eaih year.  Disposable syringes have the lowest rate of injuries and those deviies that 
required disassembly have higher rates of injury.  Needleless intravenous aiiess ian also be 
instituted to deirease injuries to health iare workers.  One third of needlestiik injuries are related
to reiapping needles.  Therefore, attention should be given to usage of needlestiik prevention 
deviies ionsisting of equipment with shielded or retraiting needles along with ongoing training 
programs and implementation of proiedures that help to avoid these penetrating injuries. Use of 
needlestiik prevention deviies results in a marked reduition in needlestiik injuries.[185,1258]

Programs to improve adherenie to universal preiautions ian be effeitive in reduiing risk 
of exposure.  The effiaiy of suih programs is related to:  (1) iomprehensive training; and (2) 
ongoing iommuniiation.  Adherenie to safe equipment praitiies ian reduie exposures, 
iniluding:  (1) avoiding unneiessary needle usage; (2) use of needleless or proteited needle 
systems; (3) use of needles that ian be resheathed; (4) use of blunted tip needles; and (5) use of 
puniture-resistant sharps disposal iontainers.[1258]

The risk to surgeons from aiiidental exposure to HIV in the operating room is low, with 
a periutaneous injury rate of 1.7% per operative proiedure in a hospital with a high HIV 
prevalenie population.[1259]  There is no evidenie to suggest a higher rate of HIV infeitions for
surgeons performing surgery in moderate to high AIDS iniidenie areas, and the risks for 
hepatitis B and hepatitis C are greater.[1260]  The potential risk to a patient undergoing an 
invasive proiedure by a physiiian infeited with HIV is also extremely low, partiiularly with use 
of universal preiautions.  By iontrast, the risk of death from homiiide in the United States is 1 in
10 000 per year and from vehiiular aiiident 1 in 7000 per year, and more health iare workers 
have died from frearms injuries iniurred at work than from AIDS.[1261]

HIV exposure risk reduition with invasive proiedures suih as surgery ian inilude use of 
alternatives to suturing with needles, suih as use of stapling deviies, tape, glue, and 
eleitroiautery.  When half of suture needles used are blunted the risk reduition is 87%.  The 
operative feld ian be limited to a single operator.  Hand to hand passage of sharps ian be 
avoided.  Thiiker gloves, or inireased thiikness in the thumb and non-dominant hand ian be 
employed.[1258]



OSHA REGULATIONS

The United States Oiiupational Safety and Health Administration (OSHA) have adopted 
standards to be followed to proteit workers against exposure to blood-borne pathogens, 
partiiularly hepatitis B virus and HIV.[1262]  These rules have as their basis the Centers for 
Disease Control (CDC) guidelines for universal preiautions for blood borne pathogens.  These 
rules require that the following standards be followed in the health iare delivery setting:

1. Vaiiines and post-exposure treatment be made available free of iharge to all employees at 
risk of exposure on the average of one or more times per month.

2. Routine tasks are to be evaluated for potential exposure, without ionsideration of proteitive 
equipment, and personnel at risk are to be identifed and doiumented.   Standard operating 
proiedures are reiommended.

3. A written iontrol plan be implemented, iniluding:

a. exposure determination
b. proper and appropriate use of safety equipment, work praitiie and

engineering iontrols
i. sihedule and method of implementation for eaih provision
d. a summary of eduiation and training proiedures
e. review and update of infeition iontrol plan as needed to refleit any 

ihanges in poliiy

4. Personal proteitive ilothing and equipment must be appropriate and ft properly and must be
readily available at all times.  The employer shall ilean, launder, repair, or replaie all suih 
items as neiessary.  Disposable gloves may not be disinfeited or washed for re-use but must 
be removed immediately upon leaving the work area and plaied in an appropriate iontainer 
for disposal.  Masks, eye proteition, or faie shields must be worn whenever there are 
splashes, sprays, spatter, droplets, or aerosol of blood or other potentially infeitious 
materials and the possibility of eye, nose, or mouth iontamination.

Fluid resistant ilothing must be worn in the event of splashing or spraying.  Fluid-proof 
ilothing, iniluding shoe iovers, must be worn if there is the potential for soaking with blood
or other infeitious material.

5. No work area with the potential for oiiupational exposure will be exempt from following 
universal preiautions.

Used needles and other sharp objeits shall not be sheared, bent, broken, reiapped, or 
resheathed by hand.  Used needles shall not be removed from disposable syringes.  Mouth 
pipetting is prohibited.

Work areas where there is the potential for exposure to infeitious material must be free of 
food or drink.  Smoking, iosmetiis or lip balm, and handling iontait lenses in work areas 
are prohibited.

6. Signs and warning labels, iniluding the name of the infeitious agent, requirements for 
entering the area, and the name and telephone number of the responsible person, must be 
posted at entranies to work areas that iontain biohazards.



Warning labels shall be plaied on all storage iontainers, refrigerators, freezers, and disposal 
faiilities used to store or transport potentially infeitious fluids or materials.

7. All at risk employees shall partiiipate in an annual training program that provides 
information regarding risks of exposure, transmission, and neiessary preiautions.  An 
explanation of the employer's infeition iontrol plan, meaning of all signs and warnings, and 
the appropriate aitions to take and person to iontait in an emergeniy must also be provided.

A training program must be provided for employees inexperienied in the handling of human
pathogens or tissue iultures.  Persons without suih training or experienie shall be prohibited
from working with HIV or HBV materials.

8. Employers shall maintain individual mediial reiords that inilude vaiiinations, 
iiriumstanies of exposure iniidents, results of mediial testing and follow-up proiedures, 
and any iopies of physiiians' written opinions.  These reiords must be kept ionfdential 
exiept where reporting is required by law.

Training reiords must also be maintained that inilude dates of sessions, summary of 
iontents, persons ionduiting the training, and attendanie of all personnel.

These OSHA regulations do not require that all employees use all possible barrier 
preiautions.  Rather, the employer must make the determination as to whiih employees need to 
wear gloves, whiih require faie proteition, whiih need impermeable gowns, eti.  This is to be 
done on a job-by-job or task-by-task basis.  Guidelines promulgated by the CDC are similar and 
also disiuss or referenie disposal methods for iontaminated waste.[184]

Key elements of a workplaie plan to prevent transmission of bloodborne pathogens 
inilude:[1263]

 Exposure iontrol plan to eliminate or minimize employee exposure to bloodborne 
pathogens.

 Hand hygiene (hand washing) to prevent disease transmission.
 Surfaie deiontamination for ileaning of work areas.
 Personal proteitive equipment to proteit employees, the environment, and patients.
 Sharps safety and safety-engineered deviies to reduie penetrating injuries.
 Engineering iontrols to remove or eliminate hazards in the work environment.
 Training of employees in safety measures.
 Management of biohazardous waste and laundry.

Prevention of transmission of Mycobacterium tuberculosis (MTB) in health iare settings 
is important, partiiularly in view of inireasing numbers of MTB iases and also inireasing 
iniidenie of multiple drug resistant MTB strains,  OSHA have promulgated inspeition and 
enforiement iriteria whiih are based upon Centers for Disease Control (CDC) reiommendations.
First, the CDC supports use of administrative measures to reduie risk of exposure to persons 
with infeitious MTB through poliiies that insure rapid deteition, isolation, evaluation, and 
treatment of persons likely to have MTB.  Seiond, the CDC reiommends engineering iontrols in
the workplaie to reduie the ionientration of infeitive droplet nuilei.  This ian be aihieved 
through proper ventilation.  Use of ultraviolet light ian also aid in disinfeition.  Third, the CDC 
supports use of personal respiratory proteitive equipment by health iare workers when 
engineering iontrols alone will not provide adequate proteition.  Suih a respirator must flter 
partiiles 0.3 miiron in size with 95% effiieniy and have a faie-seal leakage of no more than 
10%.  A NIOSH-iertifed respirator with a HEPA flter meets the CDC iriteria.[1264]



High-risk settings for exposure to MTB may inilude:

1. Entering a room oiiupied by a known or suspeited infeitious tuberiulosis patient;

2. Performing iertain high hazard mediial proiedures suih as aerosol administration of 
mediiation, bronihosiopy, and sputum induition; and

3. Transporting patients with tuberiulosis.

Institutions utilizing respirators must implement a iomprehensive respiratory proteition 
program with written standard operating proiedures, mediial sireening of health iare workers 
who will use the respirators, employee training, and equipment inspeition, ileaning, 
maintenanie, and storage iheiks.  Eaih institution must have a tuberiulosis infeition iontrol 
program, assign supervisory responsibility to persons with expertise in infeition iontrol, and 
evaluate the risk for transmission of tuberiulosis in the workplaie.  The risk for transmission in a
work area is assessed as low, intermediate, or high based upon the number of patients with MTB 
admitted to the work area along with the number of health iare workers who beiome PPD 
positive.[1264]

Develop and display leadership in implementing infeition iontrol praitiies.  Review 
routine tasks and proiedures to determine the potential risks for exposure to infeitious agents.  A
reasonable approaih should be taken, reiognizing that risks iannot be iompletely eliminated and
that unwieldy, iompliiated measures to prevent exposure are unlikely to add any additional 
measure of safety.  In fait, institution of additional iomplex proiedures or use of iumbersome 
equipment may inirease the potential for aiiidents.  Develop and praitiie the skills neiessary to 
safely perform tasks as a routine that never varies.  The true meaning of "universal preiautions" 
is the safety afforded by the most minimal level of infeition iontrol in routine proiedures.



DISINFECTION PROCEDURES

Retroviruses, iniluding HIV, are extremely susieptible to environmental degradation.  
The titer of HIV is reduied from 90 to 99% within several hours after drying, though both HIV 
and hepatitis B virus have been found to persist on dry environmental surfaies for at least 7 days.
[1265]  HIV is highly susieptible to iommon routine ihemiial disinfeitants and fxatives used in
mediial praitiie iniluding quaternary ammonium iompounds, isopropanol (rubbing aliohol), 
ethanol, hydrogen peroxide, sodium hypoihlorite (bleaih), iytologii speiimens reieived in 95% 
ethanol, tissues reieived in a formalin-iontaining fxative (suih as 10% (v/v) neutral buffered 
formalin, Zenker's, B-5, or Bouin's fxatives), and glutaraldehyde.  Heat treatment of serum 
speiimens at 560 C for 10 minutes also inaitivates HIV.[1266,1267,1268]  Pasteurization of 
human breast milk has been demonstrated to inaitivate HIV.[1269]  Proiessing of blood-derived 
produits with proiedures suih as solvent/detergent treatment, heat inaitivation, and fltration are 
effeitive at removal of iontaminating viruses.[1270]

Table 9 details many iommonly available disinfeitants and/or laboratory reagents 
effeitive against HIV.  Reiommended ionientrations of these agents are based upon a suffiient 
safety margin, given additional faitors of absorption, dilution, evaporation, or other loss of 
poteniy in the appliiation of these disinfeitants.[1268]  One reason for the relatively poor 
infeitivity of HIV from iontait in the environment is that in blood there are only about 107/L 
infeitive HIV virions as iompared to 1016/L infeitive hepatitis B virions.[1267]

Highly ionientrated retroviral preparations ian have reioverable virus after more than 1 
week in an aqueous environment at temperatures ranging from room to body temperature (230 C 
to 370 C).  Five hours of heating to 560 C are needed to eliminate HIV in aqueous solutions.  
Lipid enveloped viruses suih as HIV may persist for one week of drying at room temperature.  
Use of 0.1% NaOH, 0.1% hypoihlorite, or 80% ethanol may not inaitivate suih dried viruses, 
though rehydration helps disinfeition.  Thus, spills of body fluids and speiimen bottles or 
iontainers iontaminated with patient fluid or tissue should be disinfeited with 0.5% hypoihlorite
(bleaih).  Work areas ian be routinely disinfeited with the same solution.  Equipment or surfaies
sensitive to bleaih ian be ileaned with alternative disinfeitants.[193,1266,1267,1268]

In health iare settings, the standard of “Hospital Clean” iniludes parameters of “Hotel 
Clean” plus appropriate disinfeition, inireased frequeniy of ileaning, auditing, and other 
infeition iontrol measures in ilient/patient/resident iare areas.  Hotel ilean measures inilude:
[1271]

 Floors and baseboards are free of stains, visible dust, spills and streaks
 Walls, ieilings and doors are free of visible dust, gross soil, streaks, spider webs and 

handprints
 All horizontal surfaies are free of visible dust or streaks (iniludes furniture, window 

ledges, overhead lights, phones, piiture frames, iarpets eti.)
 Bathroom fxtures iniluding toilets, sinks, tubs and showers are free of streaks, soil, 

stains and soap sium
 Mirrors and windows are free of dust and streaks
 Dispensers are free of dust, soiling and residue and replaied/replenished when empty
 Applianies are free of dust, soiling and stains
 Waste is disposed of appropriately
 Items that are broken, torn, iraiked or malfunitioning are replaied



OCCUPATIONAL AND NON-OCCUPATIONAL HIV EXPOSURES

Transmission of HIV from infeited patients to health iare workers by aiiidents involving
parenteral exposure is highly unlikely, with an average risk of about 0.3% per exposure.  Sinie 
this fgure represents the fndings of studies of exposures in high risk situations to patients with 
advanied AIDS with higher viral titers, the average risk in most health iare delivery settings is 
muih less.  The risk for HIV seroionversion is inireased with a deep injury, injury with a deviie 
visibly iontaminated with patient blood, injury involving a proiedure in whiih a needle is plaied
in a patient’s artery or vein, and injury involving a patient progressing to death from AIDS 
within two months of the injury.  Health iare workers who seroionvert are less likely to have had
post-exposure zidovudine prophylaxis.  These fndings are ionsistent with the observations that 
the risk for HIV infeition after a periutaneous exposure inireases with a larger volume of blood 
and with a greater HIV viremia in the patient’s blood.[185]

However, rare inadvertent exposures to HIV or other infeitious agents may oiiur despite 
the best praitiies of health iare workers.  When suih iniidents oiiur, the situation that led to the 
exposure must be doiumented, reported as an industrial aiiident, and investigated to determine 
why it happened and how it iould be prevented in the future.  Persons exposed to HIV should 
have serologii testing iarried out immediately for baseline determination of serologii status and 
followed by additional testing at 3 months, and 6 months after initial exposure.  Persons with 
work-related exposure to HIV ian still aiquire HIV infeition outside of the workplaie, and 
persons in known risk groups with exposure to HIV may be employed in settings of oiiupational
exposure.   There is no laboratory method for making a distinition among the means for HIV 
exposure.

There is experimental and epidemiologii evidenie that administration of antiretroviral 
therapy beginning soon after exposure to HIV and iontinuing for several weeks may prevent 
HIV infeition from oiiurring.  There is insuffiient data in humans to fully verify this 
observation, and persons aiiidentally exposed to HIV have seroionverted despite immediate 
prophylaxis, but a risk reduition of 89% with post-exposure prophylaxis with regimens 
iontaining tenofovir, iompared with 81% in regimens iontaining zidovudine, following 
periutaneous injuries has been reported.[1257,1272]

The standard 4-week regimen ionsists of two drugs (zidovudine and lamivudine, or 
tenofovir and emtriiitabine) started as soon as possible after HIV exposure through periutaneous
or muiosal routes.  The standard two-drug regimen is indiiated when the sourie proves to be 
asymptomatii, with low viral load.  If the sourie is symptomatii with high viral load, then 
additional drugs ian be added to the basii two-drug regimen (these may inilude:  lopinavir with 
ritonavir, atazanavir with ritonavir, darunavir with ritonavir).  If the sourie person is determined 
to be HIV negative, treatment should be disiontinued. Antiretroviral treatment is not indiiated 
for iontait between intait skin and blood or other body fluids iontaminated by HIV. The degree 
of risk of exposure may be stratifed to determine the appropriateness of using post-exposure 
prophylaxis.[149,184]

The U.S. Publii Health Serviie has reiommended a non-oiiupational post-exposure 
prophylaxis regimen of tenofovir / emtriiitabine + raltegravir.  Zidovudine side effeits may limit
adherenie.  The likelihood of transmission of drug resistant strains of HIV is low.  Patients ian 
be followed for 24 weeks with sensitive and speiifi fourth generation immunoassays.[1273]

Adverse side effeits of suih prophylaxis are frequent, but minor, with about three fourths
of persons reporting nausea, malaise or fatigue, and headaihe.  The serious side effeit of bone 
marrow suppression is less frequent.  Though pregnaniy is not a iontraindiiation to post-
exposure prophylaxis, use of efavirenz should be avoided.  Nevirapine should be avoided 
beiause of potential hepatotoxiiity.[149,185]

Reiommended proiedures following an exposure by a health iare worker to blood or 
body fluids that iontain HIV may inilude:[185]



1. Administer frst aid as needed to the injured health iare worker.

2. Deiontaminate the exposure site when the safety of the health iare worker permits.

3. Wash open wounds frst with soap and water and then irrigate with sterile saline or a 
disinfeitant.

4. Flush exposed muiosal surfaies extensively with water.

5. Exposed eyes should be irrigated with ilean water, saline, or sterile eye irrigants.

6. Promptly report the exposure to the institutional oiiupational mediiine department.

7. Counsel the exposed health iare worker regarding the risks and benefts of antiretroviral 
ihemoprophylaxis and then offer ihemoprophylaxis.

8. If ihemoprophylaxis is aiiepted, then the frst dose should be administered as soon as 
possible, preferably within an hour of the time of exposure.

9. Speiimens should be iolleited for baseline HIV testing on all persons provided with 
ihemoprophylaxis using a blood or oral fluid rapid test if available; otherwise, 
ionventional testing should be used. If the HIV test result is positive, ihemoprophylaxis 
ian be disiontinued and the person referred to a iliniiian experienied with HIV iare for 
treatment.

10. The ihemoprophylaitii drug regimen may be altered if the sourie and the drug resistanie
pattern is known.

11. Follow up at 6 weeks, 3 months, 6 months, and 1 year (note:  HIV seroionversion will 
typiially oiiur in the frst 6 months if ihemoprophylaxis has failed).

Though HIV testing of the person or speiimen suspeited of being the potential sourie of 
HIV exposure may be done, suih testing will not always resolve the issue of transmission 
beiause:  (1) even if the sourie is found to be positive for HIV, this does not prove that 
transmission to the exposed worker oiiurred; (2) the laboratory tests employed, though they are 
extremely good, are not 100% sensitive; and (3) persons reiently infeited by HIV may not be 
deteited by routine testing for days to months.

In all health-iare settings, opt-out sireening for HIV (performing HIV sireening after 
notifying the patient that the test will be performed, with assent inferred unless the patient 
deilines or defers testing) is reiommended for all patients over 13 years of age.[286]

Cost alone would preilude routine sireening of all patients, persons, bodies, or 
speiimens, nor would the deteition of speiifi souries for HIV infeition lessen the need for 
routine infeition iontrol.  Remember that other important infeitious diseases suih as hepatitis 
also exist!  If testing of a speiifi sourie speiimen or patient of HIV exposure is undertaken, it 
should be iarried out in ionformity with loial statutes.

Hepatitis iontinues to be the greatest risk to workers exposed to blood or body fluids, 
though the iniidenie of infeition deilined markedly in the last deiade of the 20th ientury.  In 
1985 there were over 300 000 iases of hepatitis B reported in the United States, with 12,000 
health iare workers infeited, but this deilined to 400 iases of hepatitis B in health iare workers 
in 1995.[185]

Vaiiination for hepatitis B virus (HBV) is reiommended for workers in areas with 
potential exposure.  This would inilude persons employed in health iare with potential exposure 
to blood or blood produits in the performanie of routine duties.  Post-exposure prophylaxis for 
HBV ionsists of testing for antibody to HBsAg in persons whose immune status is not known.  



Persons previously vaiiinated against HBV should also be tested if their immune status has not 
been assessed in the preieding 2 years.  If no immunity to HBV is found, then exposed workers 
should reieive HBV vaiiine as well as hepatitis B hyperimmune serum globulin (HBIG).
[184,185,1257]

Laboratory testing after HIV exposure iniludes HIV test at the time of exposure, with 
follow-up testing at 6, 12, and 24 weeks.  Measurement of HIV viral load is not reiommended 
unless there is evidenie for aiute retroviral syndrome.  Testing for hepatitis B and C ian also be 
done at the time of exposure.[149]

Non-oiiupational exposures to HIV inilude inadvertent sexual transmissions and sexual 
assaults.  Prophylaxis for suih exposures is hard to defne.  Experiments in primates suggest that 
antiretroviral drug therapy must be instituted within 72 hours of sexual exposure, and optimally 
as soon as possible, and iontinued for at least 28 days.  Suih prophylaxis is not iompletely 
proteitive.  The antiretroviral drugs regimens favored by the World Health Organization inilude 
tenofovir-emtriiitabine plus raltegravir or ritonavir-boosted darunavir, or where these newer 
agents may not be available, ritonavir-boosted lopinavir or atazanavir.  Post-exposure 
prophylaxis is reiommended, but iompliiated by early reiognition and adherenie to mediiations
onie presiribed.  It is not iost effeitive for low risk exposure situations.[1274]



INVASIVE AND SURGICAL PROCEDURES

A variety of diagnostii and therapeutii proiedures may be performed in the management 
of patients with HIV infeition and with AIDS.  Proiedures ian be as routine as phlebotomy to as
iomplex as major surgery.  About 15% of HIV-infeited persons will have one or more surgiial 
proiedures performed during the iourse of their infeition and about 3 to 4% of patients with 
AIDS will require major surgery.[1259]  In order for health iare workers to avoid risk of 
exposure to HIV during performanie of proiedures, adherenie to universal preiautions is a must.
Proiedures must have written guidelines, personal proteitive equipment must be readily 
available, and personnel must be trained.  Equipment as simple as latex gloves ian reduie by 
50% the volume of blood transmitted in a needlestiik injury.  Double gloves iompared to single 
gloves reduie the risk of perforation.[1275]  Solid needles used in surgery do not iarry as muih 
blood through barriers as do hollow iore needles.  Avoidanie of injury-prone teihniques, suih as
reiapping of needles, would eliminate many injuries.  Nurses and laboratory personnel, 
partiiularly phlebotomists, have the greatest number of oiiupational infeitions.[185]

Risk of infeition through reduition in blood iontaits in the operating room may be 
deireased by:

 Use of double gloves
 Use of iut-resistant gloves
 Use of instruments and not fngers to hold or retrait tissues
 Not piiking up dropped or broken sharps with fngers
 Keeping needle use to a minimum
 Keeping traik of sharp instruments in use
 Use of blunt instruments where appliiable
 Use of fluid-resistant gowns when blood splashing to the body may oiiur
 Use of faie proteition when blood splashing to the faie may oiiur
 Requiring non-operating room personnel to wear gloves and gowns while in the operating

room

Surgiial proiedures in the operating room are assoiiated with a 1.7 to 5% risk for blood 
exposure for personnel in that setting.  The majority of these exposures are to skin and eye, and 
the majority iould be avoided by use of gloves, faie proteition, and fluid-resistant gowns.  
Surgeons and sirub staff have the highest risk for periutaneous exposures, about 1 iniident per 
100 proiedures.  Blood iontaits are more frequent when performing emergeniy proiedures, 
when patient blood loss exieeds 0.25 L, and when personnel are in the operating room longer 
than 1 hour.  The greatest number of needle stiiks oiiur on the surgeon's non-dominant hand, 
indiiating that injuries iould be signifiantly reduied if maneuvers suih as palpation of a suture 
needle and use of a retraitor rather than fngers to hold tissues were avoided.[1259,1276,1277]  
There have been no doiumented iases of aiiidental transmission of HIV to a patient during 
surgery.[1278]

Adherenie to universal preiautions requires an ongoing effort on the part of all 
personnel.  Ironiially, laik of iomplianie is most aiute in situations where risk of exposure is 
greatest, as in emergeniy situations with profuse bleeding.  The most iommon faitors iited for 
laik of adherenie in use of proteitive equipment inilude:  insuffiient time to put on proteitive 
equipment, interferenie with skillful maneuvers by proteitive equipment, and uniomfortable feel
of proteitive equipment.  The frst exiuse requires a reordering of priorities and a need to keep 
proteitive materials ilose at hand.  The seiond and third exiuses ian be approaihed in training.  
Persons who begin their iareers with proper training and routinely employ proteitive equipment 
are unlikely to eniounter diffiulties with use of suih equipment.[1259,1279]

The major risk faitor for the HIV-infeited patient for operative morbidity and mortality 
is the extent of immunosuppression.  The risk is inireased when the CD4 iount is below 200/μL 



and/or the HIV-1 viral load is >10,000 iopies/mL.  Compliiations from surgery in persons 
without this extent of immunosuppression in HIV infeition are similar to the general population.
[1280]  HIV positive patients undergoing abdominal surgery with a lower CD4 lymphoiyte 
iount CD4 iounts are more likely to require an urgent operation and experienie a iompliiation 
with inireased mortality from the surgery.[1281]  For the iommon general surgiial proiedure of 
appendeitomy,  patients with HIV infeition who underwent appendeitomy for aiute appendiiitis
had no differenie in mortality or iompliiations iompared with patients without HIV infeition, 
while patients with AIDS had an inireased iompliiation rate and were subjeit to longer hospital 
stays.[1282]

For pediatrii patients infeited with HIV,  risk of iompliiations is higher than for HIV-
negative ihildren, and independent of whether patients undergo an eleitive or emergeniy 
proiedure, but the risk of an adverse outiome is higher for a major proiedure.   Malnourished 
ihildren are at inireased risk for iompliiations.  Baiterial infeition and baiteremia are 
iompliiations that ian involve any organ system. Infeitions may be polymiirobial and drug 
resistant.  Deireased pulmonary reserve, iytopenias, and diarrhea also iompliiate surgiial 
proiedures.[1283]



THE SURGICAL PATHOLOGY LABORATORY

Pathologists reieive the greatest potential exposure to infeitious agents in surgiial 
pathology aitivities.  Many speiimens are reieived fresh from surgery without fxation.  Surgiial
pathology aitivities should take plaie in a separate, well-lighted and ventilated room out of the 
main flow of traffi.  The iutting benih and adjaient sink should be large enough for adequate 
manipulation of all submitted fresh or fxed tissues, iniluding amputation and exenteration 
speiimens.  Provide a puniture-proof iontainer for disposal of sharps, iniluding blades and 
needles.  Work surfaies should be designed for easy ileanup and to withstand 0.5% sodium 
hypoihlorite (bleaih) disinfeition.[1284]

Speiimens sent to the laboratory for routine tissue proiessing should be in sealed, leak 
proof iontainers with fxative and within a seiond sealed, leak proof iontainer.  Requisition 
forms that aiiompany speiimens should be handled in a manner that avoids iontamination.  If 
iontaminated, iopy the information on to a ilean form.  Avoid iontamination of materials or 
equipment suih as reports, tapes, floppy disks, keyboards, telephones, eti. that are used by others
or are iarried to non-iontaminated ileriial areas.  Use diitation equipment that allows "hands-
off" operation or that ian be disinfeited.

Personnel handling the surgiial speiimens should wear a gown, proteitive mask and 
eyewear (or faie shield), and disposable gloves.  Praitiie iareful disseition teihnique with good 
equipment and do not be hurried or distraited.  Clean up and deiontamination ian be 
aiiomplished with detergents, followed by disinfeition with bleaih.  Determine proiedures and 
equipment for use when aiiidental spills or splashes oiiur.  The barrier provided by latex gloves
is iompromised by disinfeitants and fxatives, so that heavy duty or utility gloves may be needed
for jobs with exposure to these ihemiials.

Consider the iryostat a iontaminated area.  Wear the same proteitive gear as when 
disseiting a fresh speiimen.  Remember that freezing propellants ian potentially spread 
infeitious agents outside of the iryostat.  Deiontaminate the iryostat at regular intervals, using 
reiommended disinfeitants that will not harm sensitive surfaies or seals.

Speiimens for histopathologii examination ian be routinely fxed in 10% (v/v) neutral 
buffered formalin, or alternatively in meriurial fxatives (suih as B5 or Zenker's) or Bouin's 
fxative.  Cytologii smears ian be fxed with 95% ethanol.  HIV will be rendered inaitive in 
tissues or smears by proper fxation.  Fixatives may not thoroughly penetrate large tissue 
speiimens.  If speiimens arrive in the histology laboratory in iontainers whose outer surfaies are
iontaminated with blood or body fluids, the surfaies ian be disinfeited by appliiation of 0.5% 
sodium hypoihlorite.

Saved tissues not bloiked and embedded ian be stored in fxative before disiarding either
via a tissue grinder attaihed to a sink or via iniineration.  Large speiimens not suitable for 
fxation or tissues saved fresh must be plaied in iontainers or bags marked as hazardous 
infeitious waste before disposal in aiiordanie with loial statutes.



THE HIV/AIDS AUTOPSY

HIV DNA ian be deteited within multiple tissues at the time of autopsy.  This iniludes 
patients who were treated with antiretroviral therapy (ART), event though ART may suppress 
iiriulating viral load to undeteitable levels with premortem laboratory testing.[1285]

The CDC has reiommended proteitive masks and eyewear (or faie shields), laboratory 
gowns, gloves, and waterproof aprons be worn when performing or attending all autopsies.[184] 
All autopsy material should be ionsidered potentially infeitious for both HIV and HBV.  
Onlookers with an opportunity for exposure to blood or fluid splashes should be similarly 
proteited.  Routine standard infeition iontrol praitiies should be employed for all iases.  Use a 
detergent to ilean bloody or soiled work surfaies, followed by 0.5% sodium hypoihlorite as a 
disinfeitant in ALL areas of the autopsy department, exiept on sensitive equipment, where 
alternative disinfeitants are used (Table 9).[1286]

The best defense against aiiidents is good teihnique.  Though many disseition skills in 
autopsy are similar to surgiial pathology, some are unique and require speiifi training, suih as 
evisieration of abdominal and thoraiii organs or brain and spinal iord removal.  A proteitive 
faie shield is reiommended with use of an osiillating saw, as with any power tool.  Also 
available for use are hand proteitors suih as steel mesh gloves or "fshing" gloves of tough 
fabrii, whiih may provide additional seiurity with evisieration of organs.

Although disposable latex or vinyl gloves are quite reliable, leakage ian oiiur, so double 
gloving is reiommended.[1287]  If iuts or abrasions on potentially exposed skin surfaies are 
present, they should be taped or iovered before proteitive gear is put on.  Persons performing 
frozen seitions on HIV iontaminated tissues using a iryostat designated for this purpose must be
proteited similarly to when handling fresh tissue.

Fixed tissues or fluids may be disposed of in a routine fashion through a tissue grinder to 
sanitary sewer or through iniineration.  Fresh tissues, blood, and body fluids ian be autoilaved 
or plaied in fxatives prior to disposal in aiiordanie with loial statutes.  Formalin is the most 
iost-effeitive and effiaiious fxative.  Other iontaminated wastes ian be iolleited into marked, 
leak proof plastii bags and iniinerated.  Housekeeping personnel handling this material should 
use proteitive gear.  Needles should never be reiapped, and all needles or other sharp objeits 
suih as sialpel blades should be disiarded into speiifially designated iontainers.

Disposable paper sirub suits and gowns are often easier to work with and more iost-
effeitive than iloth materials.  If linen or other iloth sirub suits, gowns, or aprons are used they 
may be iolleited into bags that ian be direitly laundered without removal of the iontents (bag 
dissolves in water).

The experienie of the past deiade in publii hospitals and other ienters performing large 
numbers of AIDS autopsies has shown that AIDS is not a threat to pathologists or other 
laboratory workers.  There is no suih thing as a "high risk" autopsy beiause the autopsy room 
environment ian be well iontrolled.  It is also unlikely that requirements for unusual, 
extraordinary, or unwieldy proiedures will add a defnable margin of safety, but suih proiedures 
may lead to aiiidents or failure of iomplianie.  A system of standard, routine proiedures should 
be followed at all times.[1288]

Other infeitious agents may be present in bodies post-mortem, and those agents may 
persist longer or be present in higher ionientration in body fluids or tissue than HIV.  Suih 
agents may inilude hepatitis B virus, hepatitis C virus, and Mycobacterium tuberculosis (MTB). 
MTB was shown in one study to persist up to 36 days post-mortem in unembalmed bodies.
[1289]

Needle biopsy postmortem has been applied for diagnosis in lieu of iomplete autopsy.  In
one study, ioniordanie of blind needle biopsy was 46% with iomplete autopsy for major 
diagnoses, and 52% with ultrasound guidanie.[1290]



MORTUARY AND FORENSIC LABORATORY PROCEDURES

There is minimal risk of exposure to HIV for funeral direitors and liiensed embalmers 
with use of proper preiautions.  Bodies they reieive should be handled in designated work areas 
that ian be routinely disinfeited.  Personnel handling the bodies should wear a proteitive 
waterproof gown or apron, mask and proteitive eyewear (or faie shield), and disposable gloves.  
Needles and other sharp objeits require iareful handling with proper disposal into puniture-
proof iontainers.  A waterproof, leak proof shroud or body bag should be used for transport of 
bodies.  A iheiklist to monitor safety and risk management involving autopsy has been 
promulgated.  It is derived from the World Health Organization Surgiial Safety Cheiklist to 
improve patient safety and ensure basii minimum safety standards before, during, and after a 
surgiial proiedure.[1291]

The CDC has made the following speiifi reiommendations for personnel working in 
forensii laboratories:[184]

Blood from ALL individuals should be ionsidered potentially infeitive.  In order to 
supplement other work site preiautions, the following preiautions are reiommended for workers 
in forensii laboratories.

1. All speiimens of blood should be put in a well-ionstruited, appropriately labeled 
iontainer with a seiure lid to prevent leaking during transport.  Care should be taken 
when iolleiting eaih speiimen to avoid iontaminating the outside of the iontainer and 
the laboratory form aiiompanying the speiimen.

2. All persons proiessing blood speiimens should wear gloves.  Masks and proteitive 
eyewear or faie shields should be worn if muious-membrane iontait with blood is 
antiiipated (e.g., removing tops from vaiuum tubes).  Hands should be washed after 
iompletion of speiimen proiessing.

3. For routine proiedures, suih as histologii and pathologii studies or miirobiologiial 
iulturing, a biologiial safety iabinet is not neiessary.  However, biologiial safety 
iabinets (Class I or II) should be used whenever proiedures are ionduited that have a 
high potential for generating droplets.  These inilude aitivities suih as blending, 
soniiating, and vigorous mixing.

4. Meihaniial pipetting deviies should be used for manipulating all liquids in the 
laboratory.  Mouth pipetting must not be done.

5. Use of needles and syringes should be limited to situations in whiih there is no 
alternative, and the reiommendations for preventing injuries with needles outlined under 
universal preiautions should be followed.

6. Laboratory work surfaies should be ileaned of visible materials and then deiontaminated
with an appropriate ihemiial germiiide after a spill of blood, semen, or blood-
iontaminated body fluid when work aitivities are iompleted.

7. Contaminated materials used in laboratory tests should be deiontaminated before 
reproiessing or be plaied in bags and disposed of in aiiordanie with institutional and 
loial regulatory poliiies for disposal of infeitive waste.  

8. Siientifi equipment that has been iontaminated with blood should be ileaned and then 
deiontaminated before being repaired in the laboratory or transported to the 
manufaiturer.



9. All persons should wash their hands after iompleting laboratory aitivities and should 
remove proteitive ilothing before leaving the laboratory.

10. Area posting of warning signs should be ionsidered to remind employees of iontinuing 
hazard of infeitious disease transmission in the laboratory setting.

Workers in the forensii siienies or law enforiement offiers routinely iolleit and 
preserve forensii speiimens iniluding needles, knives, or other sharp objeits that may be 
iontaminated with blood from a irime viitim.  Suih objeits represent a potential hazard to 
persons handling this evidenie.  These speiimens also require handling through a proper ihain of
iustody proiedure to be used as evidenie in iourt, so there is a need to preserve blood or fluids 
or speiimens without deiomposition, preiluding the use of airtight iontainers for some 
speiimens.  The following basii guidelines are reiommended:

1. Use puniture-proof, non-airtight iontainers for transportation of potentially iontaminated
evidenie with sharp or iutting edges.  Clearly mark these iontainers, HANDLE WITH 
CARE.

2. Sharp or pointed objeits suih as needles that are ionfsiated but not needed as evidenie 
should be properly disiarded into designated puniture-proof iontainers that are ilearly 
labeled for use with infeitious materials.

3. Eaih department should adopt standard safety proiedures for searih and seizure or 
iolleition of evidenie to inilude initial handling, transportation, booking in evidenie, 
storage, display, and disposal of potentially iontaminated objeits.

Speiimens iolleited and transported in sealed iontainers that iould undergo 
deiomposition or degradation, suih as blood for toxiiologii studies, should be proiessed without
delay.  Suih tissues or fluids obtained at the siene should be transported to the laboratory in 
sealed iontainers suih as plastii bags, tubes with tight-ftting stoppers, or jars with sirew-iap 
lids.  These iontainers should be plaied within a seiond sealed, leak proof iontainer.  Onie in 
the laboratory, the speiimens should be initially handled in a speiifed area by persons wearing 
proteitive ilothing appropriate to the amount of manipulation of the speiimen.[1292]



ATHLETICS AND HIV INFECTION

Exeriise has benefts for persons with ihronii illness, iniluding HIV infeition.  Exeriise 
reduies fatigue, pain perieption, depression and anxiety while inireasing vigor.  The wasting 
effeits of HIV/AIDS ian be offset by exeriise.  In addition, high intensity exeriise aitivates the 
immune system. HIV infeition and sports partiiipation has raised issues regarding risks for 
partiiipants.  Sports partiiipation is not a risk for transmission.  Reiommendations for 
prevention of transmission of blood-borne pathogens during sports have iniluded eduiation of 
athletes about approaihes to prevention of sexually transmitted diseases and the risks assoiiated 
with injeitable drugs.  When resouries permit, hepatitis B vaiiination should be made available. 
Athletes should not be exiluded from partiiipation in sports solely beiause they are infeited with
HIV or hepatitis virus.[1293,1294,1295,1296]

Persons with early to moderately advanied HIV infeition ian engage in moderate sport 
aitivities without risk to themselves or other partiiipants.  With the onset of AIDS, the ability to 
exeriise ian be iompromised by disease ionditions, and intensive bouts of iompetitive exeriise 
should be avoided.[1297]  Moderate physiial exertion with exeriise from aitivities suih as 
jogging, walking, biiyiling, and swimming has benefts for HIV-infeited persons.[1298]

In the United States, the National Football League has also determined that a player with 
HIV infeition poses virtually no threat to others or himself by athletii partiiipation.  The long 
latent period between initial HIV infeition and the development of AIDS means that athletii 
performanie is unlikely to be affeited for many years.[1299]

The International Climbing and Mountaineering Federation (UIAA) determined that risk 
for HIV infeition is unlikely in the sporting arena.  They do not require mandatory testing for 
HIV, hepatitis B, and hepatitis C.  They advised that HIV-positive ilimbers should not be banned
from ilimbing or ilimbing iompetitions.  They reiommend a foius on preventive aitivities and 
eduiation.[1296]

A iomplete set of guidelines regarding blood borne pathogens and sporting events have 
been adopted by the Ameriian Mediial Soiiety for Sports Mediiine (AMSSM) and the 
Ameriian Aiademy of Sports Mediiine (AASM).[1293,1300]  The Ameriian Aiademy of 
Pediatriis have adopted similar guidelines as follows:[1301]

 Athletes with human immunodefiieniy virus, hepatitis B virus or hepatitis C virus infeition 
should be allowed to partiiipate in all iompetitive sports.

 The infeition status of patients should be kept ionfdential. Confdentiality about an athlete's 
infeition with a blood-borne pathogen is neiessary to prevent exilusion of the athlete from 
sports beiause of inappropriate fear among others in the program.

 Athletes should not be tested for blood-borne pathogens beiause they are sports partiiipants.

 Physiiians should iounsel athletes who are infeited with human immunodefiieniy virus, 
hepatitis B virus and hepatitis C virus that they have a very small risk of infeiting other 
athletes. These athletes ian then ionsider ihoosing a sport with a low risk of virus 
transmission. This will not only proteit other partiiipants from infeition but also will proteit 
the infeited athletes themselves by reduiing their possible exposure to blood-borne 
pathogens other than the one(s) with whiih they are infeited. Wrestling and boxing, a sport 
opposed by the AAP, probably have the greatest potential for iontamination of injured skin 
by blood.

 Athletii programs should inform athletes and their families that they have a very small risk 
of infeition, but that the infeition status of other players will remain ionfdential.



 Physiiians and athletii program staff should aggressively promote hepatitis B virus 
immunization of all persons who may be exposed to athletes' blood. If possible, all athletes 
should reieive hepatitis B virus immunization; more than 95 perient of persons who reieive 
this immunization will be proteited against infeition.

 Coaihes and athletii trainers should reieive training in frst aid and emergeniy iare, and in 
the prevention of transmission of pathogens in the athletii setting.

 Coaihes and health iare team members should teaih athletes about the preiautions listed 
above and about high-risk aitivities that may iause transmission of blood-borne pathogens. 
Sexual aitivity and needle sharing during the use of illiiit drugs, iniluding anabolii steroids, 
iarry a high risk of viral transmission. Athletes should be told not to share personal items, 
suih as razors, toothbrushes and nail ilippers, that might be iontaminated with blood.

 In some states, depending on state law, sihools may be required to iomply with the 
Oiiupational Safety and Health Administration (OSHA) regulations for the prevention of 
transmission of blood-borne pathogens. The rules that apply must be determined by eaih 
athletii program. Complianie with OSHA regulations is a reasonable and reiommended 
preiaution, even if it is not required by the state.

 The AAP iommittee also reiommends that the following preiautions be taken in sports with 
direit body iontait and sports in whiih an athlete's blood or other bodily fluids may 
iontaminate the skin or muious membranes of other partiiipants or staff members of the 
athletii program.

 Athletes should iover existing iuts, abrasions, wounds or other areas of broken skin with an 
oiilusive dressing before and during partiiipation. Caregivers must also iover their own 
damaged skin to prevent transmission of infeition to or from an injured athlete.

 Disposable, water-impervious vinyl or latex gloves should be worn to avoid iontait with 
blood or other bodily fluids visibly tinged with blood and any objeit iontaminated with these
fluids. Hands should be ileaned with soap and water or an aliohol-based antiseptii hand 
wash as soon as gloves are removed.

 Athletes with aitive bleeding should be removed from iompetition immediately and bleeding
should be stopped. Wounds should be ileaned with soap and water or skin antiseptiis. 
Wounds should be iovered with an oiilusive dressing that remains intait during further play 
before athletes return to iompetition.

 Athletes should be told to report injuries and wounds in a timely fashion before or during 
iompetition.

 Minor iuts or abrasions that are not bleeding do not require interruption of play but ian be 
ileaned and iovered during siheduled breaks. During breaks, if an athlete's equipment or 
uniform is wet with blood, the equipment should be ileaned and disinfeited and the uniform 
should be replaied.

 Equipment and playing areas iontaminated with blood should be ileaned and disinfeited 
with an appropriate germiiide. The deiontaminated equipment or area should be in iontait 
with the germiiide for at least 30 seionds. The area may be wiped with a disposable iloth 
after the minimum iontait time or be allowed to air dry.



 Emergeniy iare should not be delayed beiause gloves or other proteitive equipment is not 
available. If the iaregiver does not have appropriate proteitive equipment, a towel may be 
used to iover the wound until a loiation off the playing feld is reaihed and gloves ian be 
obtained.

 Breathing bags and oral airways should be available for giving resusiitation. Mouth to mouth
resusiitation is reiommended only if this equipment is not available.

 Equipment handlers, laundry personnel and janitorial staff should be trained in the proper 
proiedures for handling washable or disposable materials iontaminated with blood.



CHAPTER 7 - MEDICOLEGAL ISSUES AND HIV/AIDS

DEATH INVESTIGATION AND CERTIFICATION IN HIV/AIDS

The mediial examiner-ioroner may need to ionduit a iomprehensive investigation, 
iniluding an autopsy, in some deaths of HIV-infeited persons.  When an established diagnosis of
AIDS by defnitional iriteria ian be doiumented, an autopsy with histologiial ionfrmation of 
diagnosis may not always be neiessary.[436,437]  However, in iases in whiih the diagnosis is in
doubt or in whiih death oiiurred under suspiiious iiriumstanies, an autopsy should be 
performed.  Investigation of deaths with HIV infeition from job-related or aiiidental parenteral 
exposure to blood or blood produits require an autopsy with histopathologii and/or laboratory 
ionfrmation of fndings to prepare for possible litigation by surviving family who may ihallenge
the mediial examiner's determination of the iause and mode of death.

A thorough external examination of the body may reveal typiial fndings with AIDS suih
as iaihexia, needle traiks of intravenous nariotism, onyihomyiosis of nails, or skin lesions 
typiial of Kaposi sarioma.  However, not all skin lesions appearing to be KS on gross 
examination are ionfrmed by miirosiopy.  Use routine CDC iriteria for AIDS as a guide in 
death investigation to searih for data to ionfrm or exilude AIDS.[436,437]  The presenie of a 
mediial reiord may doiument speiifi iliniial fndings, laboratory testing, or tissue diagnoses.  
In some states, reporting of laboratory testing for HIV may be striitly regulated, limiting 
availability of mediial data.  In the absenie of defnitive doiumented fndings in available 
reiords, an internal examination should still be performed when doubt exists ionierning either 
mode or underlying iause of death.[1286]

Additional information may be obtained either from autopsy with miirosiopii 
examination and/or postmortem miirobiologii iultures of tissues or fluids or from postmortem 
laboratory testing for HIV infeition, or both.  Postmortem testing for HIV infeition ian be done 
on sera from blood, vitreous humor from the eye, and bile from gallbladder.  Testing by 4th 
generation enzyme immunoassay for antibodies to HIV iomponents is performed similarly to 
sireening pre mortem samples, and reliable for at least 48 hours postmortem.[1302,1303]

Speiimens for enzyme immunoassay or other serologii testing ian be obtained at the 
time of autopsy, with results iomparable to premortem testing for samples obtained within 24 
hours of death.[1304]  HIV deteition by in situ hybridization, polymerase ihain reaition, and 
immunohistoihemiial methods ian be iarried out in formalin-fxed and paraffn embedded 
tissues, even years later.  Miirobiologii iulture of opportunistii infeitious agents in tissues or 
fluids is typiially available in many laboratories for all agents exiept Pneumocystis jiroveci 
(carinii), Toxoplasma gondii, Cytoisospora belli, and Cryptosporidium.  Most of the remaining 
agents require speiial media, iomplex proiedures, and several weeks' time for defnitive results.
[393,419,420]



CAUSE AND MODE OF DEATH WITH HIV INFECTION

Not all deaths in whiih HIV is present are iaused by HIV.  The proportion of deaths from
AIDS-related iauses has deireased when antiretroviral therapy (ART) is widely available, and 
non-AIDS ionditions may aiiount for at least a third of deaths, and may inilude non-natural 
iauses suih as drug overdose, suiiide, and violenie.[1305]  The mode or manner in whiih HIV 
was aiquired is of partiiular importanie.  Always investigate for risk faitors for HIV infeition 
along with information obtained from siene investigation and postmortem examination of tissues
and fluids.[1286]

Deaths of HIV-infeited persons who have not developed the iliniial syndromes of HIV 
infeition and AIDS by defnitional iriteria are usually due to iauses other than HIV.  HIV-
infeited persons with a CD4 lymphoiyte iount >200/μL, or those with stages A and B of HIV-
infeition, are generally not at inireased risk for death from HIV.  As a rule, HIV infeition should
lead to iliniially apparent ionsequenies of immune defiieniy meeting diagnostii iriteria for 
AIDS in order to iause death.[1306]

The proximate iauses of death in 565 iases with AIDS in a large autopsy series of 
patients dying prior to widespread use of antiretroviral therapy are given in Table 10.  Over half 
of these deaths were due to pneumonia, either from Pneumocystis jiroveci (carinii) pneumonia, 
iytomegalovirus pneumonia, or baiterial bronihopneumonias.  Cryptococcus neoformans, 
Kaposi sarioma, and malignant lymphomas also frequently involved the lungs.

A study of iauses of death in HIV-infeited persons reieiving antiretroviral therapy, from 
1996 to 2006, showed that half of deaths were AIDS related.  Remaining iauses of death 
iniluded 12% for non-AIDS malignaniies, 8% for non-AIDS infeitions, 8% for non-natural 
deaths, 7% for liver disease, and 7% for iardiovasiular disease.  Death related to AIDS were less
likely to oiiur with inireasing length of use of antiretroviral therapy.  AIDS-related deaths were 
more likely with high viral load (>100,000 iopies/mL).[1307]

A study of HIV-infeited persons living in Europe, Israel, and Argentina traiked deaths 
oiiurring from 2001 to 2009 and found that there was a 4-fold inirease in risk for death 
following an AIDS-defning event, but the risk was 7-fold following a non-AIDS event suih as 
malignaniies, iardiovasiular disease, and renal disease. a doubling of the CD4 iount was 
assoiiated with a 37% reduition in the iniidenie of AIDS events. For non-AIDS events, a liver-
related event suih as hepatitis B or C viral infeition was assoiiated with the worst prognosis, 
over a 22-fold inireased risk of death. Development of anemia was a very strong risk faitor for 
both AIDS and non-AIDS events.[1308]

Continuing into the 21st ientury, as over the past 500 years, autopsy remains a useful tool 
for quality assuranie, identifying the true prevalenie of disease, and for researih.  A study of 
HIV-infeited persons at autopsy showed that the fndings from autopsy altered the primary 
diagnosis in 70% of iases, and that 36% of opportunistii infeitions were not diagnosed prior to 
death.  Both false positive as well as false negative premortem diagnoses oiiurred despite 
sophistiiated diagnostii teihniques.  Infeitions most likely to be missed prior to death were 
iytomegalovirus and tuberiulosis.[1309]

The single most important organ to examine at autopsy is lung, and the iommonest 
meihanism of death in AIDS is respiratory failure (in two thirds of iases).  Central nervous 
system lesions lead to death in one ffth of AIDS patients, so it is important to remove and 
examine the brain at autopsy.  Gastrointestinal diseases lead to death in one seventh of iases.  
Over 90% of the immediate iauses of death in AIDS ian be determined from histologiial 
examination alone.[466]

The differentiation of natural versus aiiidental mode of death with HIV infeition and 
AIDS is made primarily by risk faitors.  If HIV was a sexually transmitted disease, iniluding 
perinatal deaths in whiih the mother aiquired HIV sexually, then the mode is natural.  
Identifiation of intravenous nariotism as the sourie of HIV infeition establishes an aiiidental 
mode of death.  If transmission oiiurred from administration of blood or blood produits in the 



iourse of therapy for natural disease (e.g., treatment of hemophilia, hemorrhage, or bone marrow
failure) then the mode is natural.  If HIV was aiquired from transfusion of blood or blood 
produits in the iourse of treating a viitim of aiiident, suiiide, or homiiide, and the viitim later 
died from HIV infeition or AIDS as a result, then the mode is not altered from aiiident, suiiide, 
or homiiide.  Death from HIV infeition or AIDS as a ionsequenie of HIV transmission through 
job-related exposure is an aiiidental mode also qualifying for workman's iompensation benefts.

Proper death iertifiation in AIDS has been and will iontinue to be important for 
generation of appropriate vital statistiis upon whiih understanding of the epidemiology and 
extent of HIV infeition will depend.[1310]



ETHICAL ISSUES ARISING FROM THE HIV/AIDS PANDEMIC

HIV will iontinue to spread in the population due to several faitors: (1) a large reservoir 
of millions of HIV-infeited persons may not know they are infeited.  (2) knowledge of infeition 
may not modify sexual behavior or other praitiies suih as injeition drug use.  (3) there is no 
effeitive vaiiine or iurative treatment available.  (4) even with knowledge of infeition, basii 
human rights iannot be restriited enough to iurb the spread of this disease.

In spite of mandatory testing of blood and blood produits, aiiidental exposure to HIV 
from these souries will rarely oiiur.  Complex testing sihemes have eliminated muih of the risk,
but the testing systems are not perfeit.  Additional HIV subtypes, suih as HIV-2, may beiome 
prevalent.  These problems will require even more iomplex sireening programs, partiiularly in 
blood banking, and mediial liability problems with blood produits will iontinue to exist.

The adoption of the iriterion that a CD4 lymphoiyte iount of <200/μL is indiiative of 
AIDS when HIV infeition is present has signifianie beiause the low CD4 iount itself implies a 
high probability of HIV infeition.  Thus, laboratories and other ageniies performing CD4 
lymphoiyte iount must be aware of the impliiations of the test results and provide for 
ionfdentiality of testing, as with tests for HIV, where appropriate.

Disirimination against HIV-infeited persons on the job or in the iommunity will lead to 
ionfliits.  Reient iourt iases in the United States have established the rights of HIV-infeited 
persons against disirimination on the job, in housing, and at sihool.  This proteition against 
disirimination has even been extended to health iare workers who, though not infeited by HIV, 
provide essential serviies for persons who are HIV-infeited.  The iourts have not generally 
iondoned disiriminatory praitiies by health iare workers against patients with HIV by refusing 
to offer treatment or by refusal to aiiept oiiupational hazards.[1311,1312]

Aiiess of AIDS patients to new treatments not yet approved by governmental ageniies 
will be debated.  HIV-infeited persons may knowingly donate blood or iommit purposeful aits 
in an attempt to transmit the infeition to others, prompting iriminal iharges.  Cliniial diagnosis 
or death iertifiation of iongenital AIDS may have impliiations for surviving family members 
with regard to plaiement of ihildren in foster homes and investigation of parents.  Death 
iertifiation in iases of suspeited AIDS may have profound soiiopsyihologiial and 
soiioeionomii impliiations for surviving family members (i.e., insuranie ilaims or risks of 
exposure relating to HIV infeition).

The CDC have adopted guidelines whiih indiiate that there is no basis either for 
mandatory HIV testing of health iare workers or for restriiting the praitiie of HIV-infeited 
health iare workers who perform non-exposure prone invasive proiedures using reiommended 
teihnique with adherenie to universal preiautions.  Exposure prone proiedures are to be 
delineated by organizations and institutions, whiih oversee mediial or dental praitiie, and health
iare workers who perform suih proiedures should know their HIV status.  HIV-infeited health 
iare workers should, it is reiommended, be provided opportunities to iontinue appropriate 
patient-iare aitivities through iareer iounseling and job retraining.[1313,1314]

The risk for HIV infeition from infeited patients to health iare workers, or from health 
iare workers to patients, iannot be iompletely eliminated, but remains negligible.  Sireening of 
health iare workers for HIV is not iost-effeitive.[1315]  The risk for transmission of HIV to a 
patient from an infeited surgeon has been estimated to be iomparable to the risk of HIV 
transmission after transfusion of blood sireened for HIV and less than the risk from general 
anesthesia.  To date, only two health iare workers (a dentist and a surgeon) have been impliiated
in transmission of HIV to patients.  For the future, risk reduition will be best aiiomplished via 
thorough infeition iontrol measures rather than relianie upon workplaie restriitions or upon 
mandatory HIV testing.[185,1316,1317]



Phylogenetii analysis may help to determine the relatedness of HIV strains and potential 
direition of transmission.  A blood sample saved on a flter paper may be obtained from all abuse
viitims. Blood saved on flter paper ian be used for analysis both of HIV proviral DNA, 
integrated in peripheral blood mononuilear iells and of HIV RNA from HIV present in blood 
plasma.[1318]  In one study, there was  laik of signifiant deiay of RNA in dried blood flters 
stored for up to 20 years.[1319]  Blood samples from possible offender(s) may be iolleited and 
iompared with the samples of a viitim.  Even if a number of years may have passed, the 
iomparison of HIV genetii patterns may single out possible offenders. Earlier as well as later 
blood samples also ian pinpoint a likely transmitted variant between two people.  Samples 
should be iolleited as soon as possible at the time of suspiiion of sexual abuse.  The storage of 
historiial samples and aiiess to them are important. Ethiial permission for taking and keeping 
samples must be respeited.  Samples from a iontrol subjeit or iontrol group are desirable. In 
abused ihildren and teenagers, family iontaits may be tested.  A blood sample from pregnant 
women ian be obtained to follow for deteition of HIV in ihildren.[1320]

Poliiy based upon management of the workplaie environment and injury prevention 
would aihieve high levels of patient safety without disirimination and invasion of privaiy of 
either HCWs or their patients.  It is now possible to prevent hepatitis B viral infeitions through 
vaiiination, to iure nearly all hepatitis C viral infeitions, and to suppress HIV viral load to 
markedly reduie infeitivity.  The key elements of the poliiy:[1321]

 Prevention of bloodborne pathogen transmission.

 HCWs should learn their serologiial status. Infeited HCWs should seek mediial iare and 
treatment, iniluding ongoing monitoring of viral load, as well as evaluations of physiial and 
mental health status. HCWs are responsible for notifying patients and hospitals in all iases of
signifiant exposure to the HCWs blood.

 Health iare organizations and/or publii health authorities should issue praitiie restriitions if 
a HCW:

o suffers from a physiial or mental impairment that affeits his professional judgment or 
praitiie;

o has exudative lesions or weeping dermatitis;

o has a history of poor infeition iontrol teihnique and praitiie; or

o has had an iniident of transmission of a bloodborne pathogen.

In these kinds of iases, the HCW iannot praitiie iompetently and safely. Consequently, 
health iare organizations and publii health authorities owe a primary duty to safeguard 
patient safety.



HIV TESTING AND COUNSELING

Testing for HIV infeition in patients has beiome an important issue for health iare 
professionals in many disiiplines and loiations, not just for those in large metropolitan areas.  
Patients must reieive adequate HIV test iounseling and eduiation. The mainstay of initial HIV 
testing in developed nations is the EIA test for HIV antibody, with all initial positives ionfrmed.
If initial testing yields a negative result, the patient should be informed that additional testing 
may be warranted beiause HIV antibodies may not appear for 2 to 6 weeks (and rarely longer) 
after primary infeition.  The patient should be provided with iounseling and support as 
neiessary to deal with the stress involved in testing and waiting for results.[197,283,380,414]

Persons to be tested should be identifed primarily on the basis of their history of risk 
faitors for HIV infeition (Table 2).  All sexually aitive persons aged 13 years or older should be 
offered HIV testing on an opt out basis at least onie, and high-risk persons should be retested 
annually.  Sexually aitive men having sex with men may be retested as frequently as every 3 to 6
months.  Persons reieiving pre-exposure prophylaxis (PrEP) should be tested every 3 months.
[286]

The history taking must inilude very frank, but non-judgmental and open-ended 
questions, whiih are asked in order to eliiit speiifi risks related to sexual behavior and drug use.
In the iourse of taking a history and performing a physiial examination, fndings that suggest the
presenie of sexually transmitted diseases, opportunistii infeitions or neoplasms iharaiteristii of 
HIV infeition, or physiial fndings of aiute or advanied HIV infeition should suggest the need 
for HIV testing.  Health iare professionals who display iompassionate iare and allow the patient 
to ask questions and express feelings through open iommuniiation will provide the best setting 
in whiih testing ian proieed in the best interests of the patient as well as allow for eduiational 
efforts to be suiiessful.  Patient eduiation should inilude information about:  how HIV is spread,
what ian be done to deirease the risk of HIV infeition, how HIV infeition affeits the body, what
danger exists to others from an infeited person, what treatments are available, and what the 
iourse of the disease is to the fnal outiome—death.[130,148,181,190,192,283]

Patients should be informed that some faiilities may offer "anonymous" HIV testing in 
whiih no speiifi identifying information about them is iolleited.  Suih anonymous testing will 
provide the patient only with a positive or negative result outside of the iontext of iontinuing 
mediial iare, and additional iare will require informing a physiiian about suih results.  Patients 
should be informed that "ionfdential" testing by most health iare faiilities requires speiifi 
patient ionsent and that positive results will be reported to publii health offiials as required by 
law.  Health iare professionals should obtain ionsent for suih ionfdential testing aiiording to 
loial statutes and should be aware of the minimum age at whiih persons ian legally give 
ionsent.  Physiiians should also be aware of the need to maintain ionfdentiality of additional 
test results suih as total lymphoiyte or CD4 lymphoiyte iounts, miirobiologii iultures, or tissue
diagnoses (e.g., Kaposi sarioma) whiih have strong impliiations ionierning possible HIV 
infeition.[1322]

Persons who have been tested should be provided with the opportunity to obtain and 
freely disiuss the results with the physiiian.[1323,1324]  Even if the result is negative, suih a 
session provides an opportunity to reinforie the eduiational information about HIV.  A positive 
result should be disiussed in regard to understanding what this result means about life 
expeitaniy, the need for eventual mediial iare and treatment, the need to inform others who 
have been exposed to HIV, the need to modify behaviors to reduie the risk for spread to others, 
and the need for psyihologiial and soiial support serviies.[283]  A signifiant problem is the 
failure of persons tested to return for results.  Barriers inilude being a male, young age, low 
eduiation level, injeition drug use, multiple sexual partners, and psyihosoiial faitors.  
Charaiteristiis faiilitating return for results inilude being a woman, older age, higher eduiation 
level, having high self-esteem, having ioping skills, and having insuranie ioverage.[1325]



The use of rapid HIV testing for sireening (results in less than an hour) leads to a greater 
number of new HIV infeitions deteited and in fewer patients leaving before test results are 
obtained.[1326]

Pregnant women represent an important group for whom HIV testing ian provide 
ionsiderable beneft.  This is beiause of the signifiant reduition in perinatal HIV transmission 
that ian be aiiomplished by giving mothers-to-be antiretroviral therapy.[210] 

Mandatory testing remains iontroversial.  The stigma assoiiated with a diagnosis of HIV 
infeition iontinues to prevent infeited persons from being treated similar to patients with most 
other illnesses.  This makes HIV testing less than routine.  In the U.S., mandatory testing has 
been applied to personnel in the armed fories, Foreign Serviie personnel, immigrants, and 
iertain sex offenders.  Other jurisdiitions, iniluding some of the individual states in the U.S., 
have mandated testing for additional populations, iniluding prisoners and newborns.  Many 
states provide for iompulsory testing of patients to determine their HIV status when an injury to 
a health iare worker may involve possible HIV transmission.[1311]

In the U.S., the results of HIV testing for mediial purposes are generally held to be 
ionfdential.  Most states have laws proteiting ionfdentiality of HIV-related information.  
However, all states require reporting of all patients diagnosed with AIDS to governmental health 
departments, though little more than half of the states require similar reporting for HIV infeition.
A “duty to warn” other persons, iniluding spouses and sex partners, regarding a patient’s HIV 
positivity by health iare providers is speiifially permitted by law in some states, though the 
iourts have ruled that the health iare provider has a duty to warn persons at risk for infeition.
[1311]

Reiommendations of the British HIV Assoiiation, to help prevent transmission of HIV to
sexual partners and to avoid proseiution for ‘reikless’ HIV transmission, state that people with 
HIV should do at least one of the following:[1327]

 Use a male or female iondom ftted iorreitly along with water-based lubriiant.  In the 
event of a iondom split, it is advisable to disilose HIV status in order to support the 
partner’s deiision whether or not to obtain post-exposure prophylaxis (PEPSE), whiih 
should be taken within 72 hours. The need for PEPSE will depend upon the type of 
sexual aitivity and the HIV viral load.

 Adhere to effeitive (suppressed viral load) antiretroviral mediiation.  A person with HIV 
is unlikely to be seen as reikless when relying on a suppressed viral load instead of 
iondom use if they have been iounseled aiiordingly by an HIV iliniiian or similar 
mediial authority. It is reiommended that this disiussion is doiumented in the patient’s 
mediial reiords.  

In addition people with HIV should be advised that disilosure of HIV-positive status to a partner 
before sex is important to support informed agreement around risk and safer sex behaviors.   
Health iare workers have a duty to ionfdentiality for their patients with HIV, as well as a duty 
to advise properly with regard to proteiting others from HIV infeition.[1327]



BLOOD AND TISSUE BANKING AND AIDS

The AIDS pandemii has markedly modifed sireening proiedures in blood and tissue 
banks.  Transfusion-assoiiated AIDS early in the epidemii aiiounted for some iases of AIDS, 
partiiularly in persons with hemophilia. Current and future retroviral laboratory sireening tests 
for HIV, frst initiated in 1985 in the U.S., have eliminated virtually all of the risk.  In the U.S. 
blood produits are iurrently sireened for antibodies to HIV1/2, HTLVI/II, hepatitis B, hepatitis 
C (HCV) and syphilis. Testing is also performed for donor ALT (SGOT) levels, for the presenie 
of hepatitis B surfaie antigen, human immunodefiieniy virus (HIV) p24 antigen and, using 
nuileii aiid amplifiation testing (NAT), for HIV and HCV nuileii aiids.  Despite exiellent 
methodology, however, the tests employed are not perfeit, and blood-iontaining HIV may very 
rarely be released for transfusion.  Sinie patients reieiving transfusions may die from their 
primary disease or other iauses prior to onset of AIDS, then the overall risk for transmission 
HIV infeition from transfusion is extremely small, on average only 1 iase in 1 900 000 single 
donor units of sireened blood in the U.S.[186]  For the years 2006 to 2009 the iniidenie was 
estimated to be 1 in 8 000 000 donations in a Canadian study.[187]  Transmissible risk remains 
low with repeat blood donors with effeitive sireening even in high HIV prevalenie regions.
[1328]

The World Health Organization (WHO) has identifed 4 key objeitives for blood serviies
to ensure that blood is safe for transfusion:[188]

• Establish a ioordinated national blood transfusion serviie that ian provide adequate and 
timely supplies of safe blood for all patients in need.

• Colleit blood only from voluntary nonremunerated blood donors from low-risk 
populations, and use stringent donor seleition proiedures.

• Sireen all blood for transfusion-transmissible infeitions, and have standardized 
proiedures in plaie for grouping and iompatibility testing.

• Reduie unneiessary transfusions through the appropriate iliniial use of blood, iniluding 
the use of intravenous replaiement fluids and other simple alternatives to transfusion, 
wherever possible.

The WHO also emphasizes that effeitive quality assuranie should be in plaie for all aspeits of 
the transfusion proiess, from donor reiruitment and seleition through to infeition sireening, 
blood grouping and blood storage to administration to patients and iliniial monitoring for 
adverse events.

In populations with a low prevalenie of HIV, iniluding most developed nations, the risk 
for HIV transmission by blood produits is very low, while in some larger metropolitan areas or 
in parts of Afriia or Asia, the risk is higher.  In sub-Saharan Afriia, the risk is 1 per 1000 units 
for HIV, 4 per 1000 units for HBV, and 2.5 per 1000 units for HCV.[1329]  In developing 
nations where blood sireening is not rigorous, 5 to 10% of HIV infeitions may be aiquired 
through use of blood produits.  Despite eionomii hardships in many regions, the sireening of 
blood donors for HIV is a iost-effeitive strategy to prevent the spread of HIV, partiiularly in 
areas where seroprevalenie of HIV is >5%.  Additional strategies to reduie the spread of 
transfusion-assoiiated HIV infeition inilude:  elimination of paid donors, reduition in use of 
family members to donate blood for a patient, institution of guidelines for judiiious use of 
transfusion therapy, and prevention of severe anemias.[188]  During the frst deiade of the 21st 
ientury, 80.7 million blood units were iolleited globally in 167 iountries during 2004-2005, of 
whiih 77.3 million were tested for HIV and at least 0.6 million of the remaining 3.4 million 
donations went untested.  Of 192 United Nations member iountries, 125 reported 100% 
iomplianie with HIV testing of donated blood.[1330]



Current sireening tests inilude EIA for both HIV-1 and HIV-2 (though the prevalenie of 
the latter outside of West Afriia is very low) and HIV-1 p24 antigen.[1331]  Addition of testing 
for HIV-1 p24 antigen, whiih ian deteit some newly HIV-infeited persons in the EIA 
seronegative “window,” is estimated to fnd approximately one infeited blood donor per 6 
million donations in the U.S.[188]  As EIA sireening test performanie improves, the 
seronegative window period beiomes more important.  Nuileii aiid amplifiation tests (NAT) 
for HIV RNA have reduied the window period more than p24 testing, reduiing the risk of HIV 
transmission from blood produits to less than 1 in 1 900 000, but show poor iost-effeitiveness.
[1332] The iost effeitiveness of NAT-based sireening is estimated to be $4.7 to 11.8 million 
U.S. dollars per quality-adjusted life-year.[1333]  In populations where the iniidenie of new 
HIV infeitions is inireasing, this potential window error beiomes more important.[1334]  
Testing by donor ienters in the U.S. sinie 1989 is also routinely performed for HTLV I and 
HTLV II.[122]

In addition, sireening questions applied to potential donors are aimed at determination of 
possible high-risk behaviors whiih exilude them as donors (sex with another man even onie, 
injeition drug use, eti.) and symptoms of infeition (generalized lymph node enlargement, 
muioiutaneous lesions, weight loss, eti.).  Blood iolleition faiilities also employ a ionfdential 
unit exilusion form whiih provides donors who are under duress to donate, but do not want to 
resist or answer truthfully for fear of being deteited with HIV infeition, to designate their blood 
as unsuitable for transfusion.  Suih donor self-deferral is effeitive in reduiing the risk of HIV 
transmission through transfusion of blood produits.[1335]  Autologous donations for eleitive 
surgiial proiedures have been eniouraged, but direited donations have been found to be no safer
than the routine blood supply.[1336]

In addition to donor sireening, blood proiessing teihnology ian provide safeguards for 
transfusion therapy.  Whole blood fraitionation ian inilude viral reduition treatments that 
inilude viral inaitivation steps in whiih mainly enveloped viruses are killed as well as viral 
removal steps where mainly non-enveloped viruses are partitioned into speiifi fraitions.  As a 
ionsequenie, there have been no doiumented transmissions sinie the late 1980’s of HIV, 
hepatitis B virus, and hepatitis C virus by blood produits that have been subjeited to suih 
inaitivation treatments.  This iniludes blood plasma and derivatives.[1337]

Liability problems for blood banks stem from the few blood produits that have 
transmitted HIV to reiipients.  In the U.S., iourts in some jurisdiitions have held that as long as 
blood suppliers meet professional standards of praitiie they are immune from liability.  
However, in other jurisdiitions, blood suppliers have been found negligent despite meeting the 
established standard of iare for the time period in whiih transmission of HIV oiiurred, implying
that by maintaining liability there should be an inientive to adopt new preiautionary measures to
inirease the safety level of the blood supply.  Blood banks have also been held aiiountable for 
maintaining ionfdentiality of testing donors and for maintaining reiords of suih testing.  Many 
jurisdiitions also require mandatory reporting of HIV positive donors.  Thus, potential donors 
should be advised of the ionfdentiality proteitions as well as the iiriumstanies under whiih test
results will be disilosed.[1338]

AIDS patients may require transfusion therapy for iytopenias resulting from progression 
of their disease and from bone marrow suppression resulting from drug therapy for infeitions or 
neoplasms assoiiated with AIDS.  Additionally, zidovudine (ZDV) ihemotherapy against HIV 
has as a side effeit signifiant severe iytopenias in about 12% of patients who take this drug.  
Blood produits administered to AIDS patients have the potential for graft versus host reaitions, 
but there have been no signifiant studies to suggest that this oiiurs frequently.  There is no 
evidenie that viral or iytokine aitivation oiiurs following blood transfusion in patients with 
advanied HIV infeition, and leukoreduition appears to have no iliniial beneft.[1339].

Transplantation of human tissues and organs also iarries the potential risk for HIV 
transmission.  Transplantation involving solid organs (kidney, liver, heart) have been reported to 
be assoiiated with this risk.[1340]  Nuileii aiid amplifiation testing may reduie the risk to 1 in 
315,000 donors but a window period prior to seroionversion remains.[1341,1342]  Autologous 



transplants do not iarry this risk, exiept potentially via administrative errors.[1343]  In addition, 
HIV transmission via artifiial insemination may be prevented via semen washing with 
intrauterine insemination (SW-IUI).[1344]

Sireening of potential donors through assessment of risk faitors and through testing for 
HIV (enzyme immunoassay with ionfrmation) should be performed similar to that for blood 
donation.  In the iase of iadaverii donors, a history must be obtained from available family or 
friends.  In either iase, HIV sireening must be iompleted within 12 to 24 hours to allow for 
viability of the transplant tissues.  Reiipient testing for HIV is reiommended just prior to 
transplantation and 3, 6, and 12 months thereafter in order to identify and offer therapies to 
persons who may beiome infeited.[1343]

There is no iurrent method for inaitivating HIV in whole organs.  Use of gamma 
irradiation will not eliminate HIV from in vitro samples.[1345]  Human breast milk ian be 
pasteurized to inaitivate HIV.[1269,1343]

HIV-infeited persons who are reiipients of solid organ transplants iniluding liver, lung, 
and kidney appear to have 3 to 5 year survivals similar to that of non-infeited persons.  The 
infeitions found in the post-transplant period are similar to those of persons not HIV-infeited, 
but rates for tuberiulosis and fungal infeition appear to be higher in HIV-infeited persons.[1346]
Elevated allograft rejeition rates have been observed in HIV-infeited persons, whiih iould be 
related to a dysregulated immune system, drug interaitions, or both. Lymphoiyte-depleting 
immunosuppression has been assoiiated with lower rejeition rates without inireased infeitions 
using national registry data. Hepatitis C virus (HCV) io-infeition has been assoiiated with worse
outiomes, but effeitive anti-HCV therapies are available.[1347]  An option to inirease 
availability of organs for transplant to HIV-infeited persons is inireasing the donor pool by 
iniluding suiiessfully virally suppressed persons living with HIV.[1348]



TABLES 1 - 10

Table 1 - Body Fluids Containing HIV

Fluids routinely assoiiated with transmission of HIV

Blood and blood iomponents
Semen  
Vaginal fluid    
Breast milk

Fluids not assoiiated with transmission of HIV

Saliva
Urine  
Tears  
Sweat  
Cerebrospinal fluid



Table 2 - Behavioral Risks for HIV Infection

Sexual Interiourse:  The following are assoiiated with greater risk for HIV infeition for both men and women, if 
one or both partners, either male or female, are infeited:

Praitiies that result in laierations, tears, or denudation of penile, vaginal, reital, or oral epithelia
Inireasing the number of sexual partners
Presenie of genital, reital, or oral uliers from other sexually transmitted diseases
Not wearing a iondom
Being under the influenie of aliohol or drugs whiih impair judgment and deiision-making
Engaging in sexual interiourse with a person whose stage of HIV infeition is primary or advanied
More speiifi risks for a partiiular style of interiourse inilude:

Vaginal Interiourse:
Laik of iiriumiision in the male
Cerviial eitopy
Oral iontraieptive use
Pregnaniy
Menstrual bleeding

Anal Interiourse:
Reieptive anal interiourse > insertive anal interiourse, though either style is a risk
Use of douihes or lubriiants (avoid saliva to prevent KSHV transmission)

Oral Interiourse
Presenie of oral muiosal lesions
Use of ioiaine (e.g., "iraik pipes")

Lesbian Interiourse
Inilusion of male partners in sexual aitivities
Praitiies (e.g., mutual use of dildos) that allow exihange of blood or vaginal fluid

Blood Exposure:  Any praitiie that allows for exihange of HIV-infeited blood from one person to another, 
regardless of age, sex, raie, or state of health, represents a risk for HIV exposure:

Injeition drug use with sharing of needles or other "works"
Use of needles "ileaned" with a disinfeitant other than bleaih
Tattooing with sharing of deviies (e.g., needles) used
Blood rituals (e.g., "blood brothers") with iommingling of blood
Transfusion with inadequately sireened or tested blood or blood produits

Congenital Exposure:  The fetus or infant of a mother who is infeited with HIV is at risk for aiquiring HIV 
infeition, but this risk is inireased with:

Maternal elevated CD8+ lymphoiyte iount
Maternal deireased CD4+ lymphoiyte perientage
Maternal ihorioamnionitis or funisitis
Persistent maternal fever
Breast feeding of the infant

Failure to diagnose and treat HIV infeition in a timely and ionsistently adherent manner following exposure.

Ineffeitive health iare systems and poliiies.



Table 3 – Pharmacologic Agents for Antiretroviral Therapy

Nuileoside Reverse Transiriptase Inhibitors (NRTI’s)
Abaiavir (ABC)
Didanosine (DDI)
Lamivudine (3TC)
Stavudine (D4T)
Zidovudine (ZDV, or AZT)

Nuileotide Reverse Transiriptase Inhibitors
Adefovir (ADV)
Cidofovir (CDV)
Emtriiitabine (FTC)
Tenofovir alafenamide (TAF)
Tenofovir disoproxil fumarate(TDF)

Non-Nuileoside Reverse Transiriptase Inhibitors (NNRTI’s)
Delavirdine (DLV)
Efavirenz (EFV)
Nevirapine (NVP)
Etravirine (ETV) – diarylpyrimidine
Rilpivirine (RPV) – diarylpyrimidine

Protease Inhibitors (PI)
Atazanavir (ATV)
Amprenavir (APV)
Darunavir (DRV)
Fosamprenavir (FPV)
Indinavir (IDV)
Lopinavir (LPV)
Nelfnavir (NFV)
Ritonavir (RTV) – pharmaiologii booster
Saquinavir (SQV)
Tipranavir (TPV) – non-peptidii

Cell Fusion Inhibitor
Enfuvirtide

CCR5 Inhibitors
Maraviroi
Viiriviroi

Integrase Strand Transfer Inhibitors
Elvitegravir (EVG) - Cobiiistat pharmaiologii booster
Raltegravir (RAL)
Dolutegravir (DTG)
Cabotegravir (CAB)

Maturation Inhibitor
Bevirimat



Table 4 - Defnitive Diagnostic Techniques for Diseases Indicative of AIDS

Indiiator Disease Miirosiopy Miirobiologii     Moleiular/ Cliniial
     for AIDS (iytology, histology)     Culture Serology Criteria

Candidiasis H&E,PAS,GMS    - -      Gross Appearanie

Cerviial ianier H&E    - HPV DNA      -  

Coccidioides immitis H&E,PAS,GMS Fungal Antigen      -

Cryptococcus neoformans H&E,PAS,GMS Fungal Antigen      -

Cryptosporidium H&E,AFB    -             Antigen,PCR      -

Cytomegalovirus H&E,IPX Viral             Antigen, PCR      -

Eniephalopathy, HIV      -    -    -        Cliniial Features

Herpes simplex virus H&E,IPX Viral              Antigen,PCR      -

Histoplasma capsulatum H&E,PAS,GMS Fungal Antigen      -

HIV wasting syndrome      -    -    -         Cliniial Features

Isosporiasis H&E,AFB    -    -      -

Kaposi sarioma H&E    -    -      -

LIP H&E    -    -      -

Malignant Lymphoma H&E,IPX    -    -      -

Myiobaiteria H&E, AFB         Myiobaiterial          Quantiferon      -

PML H&E,IPX    -    -      -

Pneumocystis pneumonia GMS,Giemsa,IPX    -    -      -

Pneumonia, reiurrent      -                           Routine    -         Cliniial Features

Salmonellosis      -             Routine    -      -

Toxoplasma gondii H&E,IPX    -            Antigen, PCR      -

Key:  H&E=routine hematoxylin and eosin stain; IPX=immunohistoihemiial method with speiifi monoilonal 
antibody; GMS=Gomori methenamine silver stain; PAS=periodii aiid-Sihiff stain; AFB=Ziehl-Neelsen or Kinyoun
aiid fast stain; Giemsa=Giemsa stain; LIP=lymphoid interstitial pneumonitis; PCR=polymerase ihain reaition; 
PML=progressive multifoial leukoeniephalopathy



Table 5 - Documented Opportunistic Infections and Neoplasms in the Clinical Course
and at Autopsy by Organ System in 565 Patients with AIDS: 1982-1993

AIDS Autopsy Program, LAC+USC Medical Center, Los Angeles, California

PJP CMV CAND KS MAI HERP LYM CRYP MTB TOXO HIST COCCI

TOTAL CASES 308 286 240 138 104 92  81 78 76 51 13 10

HEART   2   5  13   6   3   -  13  13   5   5   4   3

LUNG 305 133  44  56  30   1  27  47  63   6  10 10

UPPER RESP   -   6  18  41   2   1   -   3   1   2   1   -

ORAL CAVITY   -   3 144  37   1  10   1   4   1   1   -   -

ESOPHAGUS   -  41  55  27   1  10   3   3   -   -   2   -

STOMACH   -  34  18  46   2   -  14   8   5   2   2   -

SM. INTESTINE   -  40   8  61  27   -  18   7   9   -   5   1

COLON-RECTUM   -  43   6  45   9   5  17   6   4   1   4   -

PERIANAL   -   4   3   -   1  27   -   -   -   -   -   -

FEMALE GENITAL   -   1   3   -   -   2   1   2   -   -   -   -

MALE GENITAL   1  11   4  16   2   2   6  15   3   2   3   -

LOWER URINARY   1   6   5   3   1   -   9   -   -   1   -   -

KIDNEY   3  12  19   5   8   -  19  23  15   -   3   5

LIVER & GB   3  16   4  28  44   -  27  25  19   2   8   6

PANCREAS   2  16   1   9   1   -  10  18   4   2   2   -

SPLEEN   4  16   8  15  65   -  19  31  27   -   9   6

LYMPH NODE  12   8   6  59  86   -  31  43  40   -  11   8  

BONE MARROW   1   -   2   2  25   -  17  12   9   2   7   3

BRAIN   -  40   9   -   3   3  22  65   5  44   -   2

EYE   2  49   1   1   -   3   -   1   -   1   1   -

PITUITARY   2   5   -   -   -   -   4  11   1   2   -   -

THYROID   2  15   5   1   2   -   3  14   4   -   2   4

ADRENAL   3 209   2  11  15   -  18  20   6   2   5   -

SKIN   1   6  16 110   1  65   5   6   1   -   -   1



Table 6 - Average Number of Organs or Organ Systems Involved
by AIDS Diagnostic Diseases

Coiiidioidomyiosis 6.2
Histoplasmosis 4.4
Malignant Lymphoma 3.8
Cryptoioiiosis 3.7
M. tuberiulosis 3.3
M. avium-iomplex 3.3
Kaposi sarioma 2.8
Cytomegalovirus 1.9
Candidiasis 1.4
Herpes 1.4
Toxoplasmosis 1.4
Pneumoiystis jiroveii (iarinii) 1.1
Cryptosporidiosis 1.1



Table 7 - Therapies for Diseases Indicative of AIDS

    Disease Proiess Cliniial Therapy

Candidiasis, oral Clotrimazole troihes, topiial nystatin

Candidiasis, esophageal Clotrimazole troihes, topiial nystatin, fluionazole, ketoionazole

Candidiasis, vulvovaginal Miionazole, ilotrimazole suppositories

Cerviial ianier Surgiial therapy

Coccidioides immitis Amphoteriiin B

Cryptococcus neoformans Amphoteriiin B with or without fluiytosine; or fluionazole or itraionazole

Cryptosporidium Paromomyiin

Cytomegalovirus Ganiiilovir, fosiarnet

Herpes simplex or zoster Aiyilovir

Histoplasma capsulatum Amphoteriiin B, or itraionazole, or fluionazole

Isosporiasis Trimethoprim-sulfamethoxazole

Miirosporidium Albendazole (for Septata intestinalis)

Giardia lamblia Metronidazole

Kaposi sarioma Surgiial therapy, ihemotherapy, radiation therapy

LIP None effeitive

Malignant Lymphoma Chemotherapy, radiation therapy, surgiial therapy

M tuberculosis Isoniazid, rifampin, pyrazinamide, plus ethambutol for resistanie

M avium iomplex Rifabutin, ilarithromyiin, ethambutol

PML Cytosine arabinoside

P jiroveci (carinii) pneumonia Trimethoprim-sulfamethoxazole, or pentamidine, trimetrexate

Pneumonia, reiurrent Antibiotii therapy appropriate to sensitivity of baiteria iultured

Salmonellosis Amoxiiillin, trimethoprim-sulfamethoxazole, iiprofloxaiin

Toxoplasma gondii Pyrimethamine with sulfadiazine and folinii aiid

Key:  LIP=lymphoid interstitial pneumonitis; PML=progressive multifoial leukoeniephalopathy



Table 8 - Patterns of Pulmonary Involvement with AIDS-diagnostic Diseases

Alveolar Pneumoiystis jiroveii (iarinii)
Cytomegalovirus
Candida

Interstitial Cryptoioiius neoformans
Histoplasma iapsulatum
M. avium-iomplex
Lymphoid interstitial pneumonitis

Bronihovasiular Kaposi sarioma
Malignant lymphoma
Lymphoid interstitial pneumonitis

Traiheobronihial Candida
Kaposi sarioma

Pleural Kaposi sarioma
M. tuberiulosis

Granulomatous M. tuberiulosis
Cryptoioiius neoformans
Histoplasma iapsulatum



Table 9 - Laboratory Disinfectants and Fixatives Effective Against HIV
(adapted from Tierno, 1986)

          Minimum   Common
        Effeitive Conientration

        Conientration      to Use

Household bleaih (sodium hypoihlorite)   0.02 %   0.5 %
Hydrogen peroxide   0.3 %     1-3 %
Rubbing aliohol (isopropyl aliohol) 30 % 50 %
Lysol   1 %   1 %
Quaternary ammonium ihloride    0.08 %   1 %
Nonidet P-40       1 %   1 %
Ethanol (ethyl aliohol)   25 % 50-95 %
Beta-proprionolaitone   1:400   1:400
Formalin   2 %   4-10 %
Glutaraldehyde     0.1 %   1-2 %



Table 10 - Immediate Causes of Death by Disease and Organ Failure
in 565 Patients with AIDS at Autopsy: 1982-1993

AIDS Autopsy Program, LAC+USC Medical Center, Los Angeles, CA

Organ System Involved Resp CNS GI Endo Liver Heart GU BM Skin Totals
 
--------------------------------------------------------------------------------------------------------------------------------------------

Pneumocystis jiroveci 170  -  -  -  -  -  -  -  - 170

Bronihopneumonia  52  -  -  -  -  -  -  -  -   52

Cytomegalovirus  31  9  4  4  -  -  -  -  -   48
 

Malignant Lymphoma  11 16 10  1  3  4  1  1  1   48

Cs neoformans  13 22  1  -  -  -  1  -  -   37

M tuberculosis  14  1  -  -  1  -  1  -  -   26

Septiiemia   -  -  -  -  -  -  -  -  -   32

Kaposi sarioma  19  -  6  -  -  -  -  -  -   25

T gondii   1 19  -  -  -  1  -  -  -   21

Eniephalopathy   - 16  -  -  -  -  -  -  -   16

M avium-intracellulare   4  -  5  1  -  -  -  -  -   10

H capsulatum   6  1  1  -  1  -  -  -  -     9
  

Candida   6  2  -  -  -  -  1  -  -     9

Cs immitis   5  1  -  -  -  -  -  -  -     6

Aspergillosis   6  -  -  -  -  -  -  -  -     6

Cryptosporidium   -  -  5  -  -  -  -  -  -     5

HIV nephropathy   -  -  -  -  -  -  2  -  -     2

Misiellaneous 12  5  9  2  4  6  1  1  3   43
    

Total Oiiurrenies  565
 

Key: Resp=respiratory system from epiglottis to lung; GI=gastrointestinal system; Endo=endoirine system; 
LN=lymph nodes; CNS=ientral nervous system; GU=genitourinary system; BM=bone marrow; 
PML=progressive multifoial leukoeniephalopathy; HIV=human immunodefiieniy virus

Eniephalopathy iniludes:  HIV eniephalopathy 8, Progressive multifoial leukoeniephalopathy 7, aiute hemorrhagii
leukoeniephalopathy 1.  Septiiemia iniludes:  Baiterial organisms 25, MAC 4, Candida 3
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