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Need Assessment 

 In 2016, there were approximately 
12769 people living with HIV in Washing-
ton. In 2017, 439 people were newly diag-
nosed with HIV. 13,810 People are living 
with HIV in 2018 in Washington and in 
2018, King County experienced its largest 
one-year increase in the number of new 
HIV diagnoses since 2002. �e increase 
was driven by the number of new HIV 
diagnoses among persons who inject drugs 
and the number of new diagnoses in per-
sons with other risks, including men who 
have sex with men (MSM) who do not 
inject drugs, remained stable. Washington 
State is in an exciting position to build on 
the strong foundation of public and private 
investment to keep people living with HIV 
healthy and prevent new HIV infections. It 
is the responsibility of a Nurse practicing in 
the state to have a comprehensive knowl-
edge on these standards.

Goals

 �e goal of this article is to provide a 
practical review and update of information 
with reference to HIV/AIDS, addressing 
the crucial concerns that impact clinical and 
public health practice

Discuss the epidemiology of 
HIV/AIDS.
Describe the modes of transmission of 
HIV.
Describe the pathogenesis and classi�-
cation of HIV.
Identify the risky population and 
screening modalities of HIV
Explain the diagnostic tests for HIV
Analyse the Preventive strategies for  
HIV
Adapt to the Reporting, Prevention 
and Treatment guidelines followed in 
the State of Washington. 
Describe the Antiretroviral therapy 
and its challenges.
Analyse the adverse outcomes associ-
ated with HIV and its management

Objectives
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 Since its �rst detection three decades 
ago, the HIV/AIDS pandemic has been 
profoundly shaped by criminal justice 
systems. Surveillance studies have com-
monly observed signi�cantly higher preva-
lence of HIV infection among incarcerated 
populations as compared to analogous 
non-incarcerated groups. �e elevated 
seroprevalences among individuals held 
in correctional facilities are, for the most 
part, a result of the political and criminal 
justice structures that penalize groups 
who already face multiple HIV/AIDS-re-
lated vulnerabilities, including individu-
als addicted to illicit drugs, sex workers, 
and sexual/gender minorities. However, 
evidence from a variety of studies, including 
molecular contact-tracing investigations 
and entry/exit antibody testing, have also 
identi�ed within-prison transmission, facil-
itated by the dearth of evidence-based HIV 
prevention tools. In addition, exposure to 
correctional facilities has been strongly 
associated with elevated levels of co-mor-
bidities like hepatitis C, tuberculosis, 
untreated mental illness including 
unmanaged substance use disorders and 
social/ structural factors (stigma, discrim-
ination, political disempowerment, 
socio-economic marginalization and 

 Coincident with the emergence and 
spread of the HIV/AIDS pandemic has 
been the growth in the global population of 
individuals held in penal facilities. Accord-
ing to the most recent estimates, approxi-
mately 10.1 million people were held in 
penal institutions, including police cells, 
pre-trial detention, so-called mandatory 
treatment facilities, jails, prisons and 
penitentiaries in 2011, equal to a rate of 
incarceration of 146 per 100,000 individu-
als. Driven in many settings by increased 
numbers of criminalized drug users, global 
correctional populations have nearly dou-
bled since 2005. While unequalled in size 
or scope, the United States’ correctional 
systems exemplify these trends. In the 
1980s, the United States enacted harshly 
punitive laws against illicit drug users, 
including mandatory minimum sentencing 
requirements, as a reaction to the emer-
gence of crack cocaine, especially among 
the country’s population. As a result the 
number of individuals incarcerated in state 
and federal prisons increased, by almost 
500% in a generation. More likely than the 

exclusion from non-correctional health-
care systems) linked to increased risk of 
HIV transmission and pathogenesis. [1, 
Rank 4]

Introduction 

Epidemiology of HIV/AIDS
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general population to be non-white, poor, 
not engaged in regular medical care, and 
su�ering from untreated substance abuse, 
prisoners in the United States exhibit an 
HIV prevalence of 1.5%, and approximate-
ly 15% of all people living with HIV/AIDS 
are in contact with the criminal justice 
system each year.
 Recent advances in our understand-
ing of HIV/AIDS transmission dynamics, 
in particular the central role played by 
HIV-1 RNA viral loads (VL) have revealed 
the substantial impact of e�ective HIV 
treatment on the incidence of new infec-
tions. In the wake of the HPTN-052 multi-
center randomized controlled trial that 
demonstrated a >95% decrease in the likeli-
hood of HIV transmission as a result of ear-
lier highly-active antiretroviral treatment 
(HAART), as well as other evidence from 
observational studies and mathematical 
models, renewed HIV/AIDS prevention 
campaigns with HIV treatment as a corner-
stone have been launched. �ese seek to 
reduce the incidence of new infections by 
lowering the community-level HIV RNA 
viral load. Some key aspects of Treat-
ment-as-Prevention (TasP) e�orts are iden-
tifying undiagnosed individuals and engag-
ing and retaining them in medical care 
including HAART, with the goal of achiev-
ing non-detectable plasma HIV-1 RNA 
viral loads (VL).

 Given the high proportion of indi-
viduals living with HIV/AIDS held in cor-
rectional facilities, optimism has been 
expressed that criminal justice systems 
could be an ideal focus of HIV testing and 
treatment e�orts. However, studies of 
people living with HIV/AIDS in communi-
ty settings have consistently observed that 
incarceration is a substantial barrier to con-
sistent engagement in HIV treatment and 
care, including antiretroviral therapy. �us, 
the criminal justice-based approach to indi-
viduals at high risk for HIV infection, espe-
cially people who use illicit drugs (PWID) 
and sex workers, and the high rates of incar-
ceration borne by these groups, might com-
promise the impact of TasP-based cam-
paigns. In order to contribute to e�orts to 
optimize TasP-e�orts as well as reduce 
HIV/AIDS morbidity and mortality among 
incarcerated individuals, we performed this 
review of incarceration among people living 
with HIV/AIDS, focusing on HIV preva-
lence and transmission, HIV testing, and 
HIV treatment among incarcerated popula-
tions. [2, Rank 3]

 It is di�cult to identify accurate 
denominators for the numbers of individu-
als and encounters in which exposure 
hasoccurred; moreover, transmission of the  

Facts about Epidemiology of 
HIV in United States
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virus depends on factors other than the 
mode of exposure. [92, Rank 4]
 Both Washington State and King 
County have made mixed progress toward 
reducing disparities in HIV outcomes 
across groups de�ned by race/ethnicity. On 
the one hand, rates of new HIV diagnoses 
in Washington State in 2018 were higher 
among US born Black persons than other 
racial groups; in King County rates were 
higher for both US born Black and US born 
Latinx persons. 

 In 2018, there was a sharp increase in 
the number of new HIV cases among 
people who inject drugs (PWID), including 
clusters of linked cases. Public Health, com-
munity-based organizations, King County 
jails, and local healthcare organizations, 
increased HIV testing, the distribution of 
condoms, and the provision of syringe 
services in response to the outbreak.
 As part of the National End the HIV 
Epidemic initiative, Washington is plan-
ning to expand the availability of compre-
hensive medical, preventive and social 
services to PWID and persons living home-
less in the state.

Epidemiological facts of HIV in 
USA

Table 1: Epidemiological facts of HIV in USA
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 More than 34 million people world-
wide are infected with human immunode�-
ciency virus (HIV). �ere are two types- 
HIV-1 and HIV-2. It has long been under-
stood that the HIV-1 of the donor often 
exhibits a reduced viral diversity following 
transmission to a new host. More recently, 
about ten years ago, it became clear that this 
narrowing is usually very sharp, with only 
one or a very few viruses establishing a 
disseminated infection in the newly infect-
ed individual despite the high diversity of 
HIV-1 populations in most donors. HIV-1 
infection typically results from the trans-
mission of a single viral variant, the 
transmitted/founder (T/F) virus. �is 
phenomenon has become termed the 
transmission bottleneck of HIV-1 and is 
incompletely understood. 
 �e genetic bottleneck stems from 
physical and immunological conditions 
that prevent most variants within the 
incoming viral populations from establish-
ing infection in a new host and is re�ected 
by the low e�ciency of HIV-1 transmission 
from a single sexual exposure. �us success-
ful infections in a new host frequently 
results from the dissemination of only a 
single variant after sexual transmission, in 
approximately 80% of heterosexual 
 

transmissions, approximately 75% of trans-
missions in men who have sex with men 
(MSM), approximately 70% of transmis-
sions in mother-to-child and 40–80% of 
transmissions in intravenous drug users 
(IVDU). [93, Rank 3]
 �e transmission of parasites and 
pathogens is often referred to in the litera-
ture and public health information sites 
as having various ‘modes’ and ‘routes’; 
however, these two terms are used inter-
changeably, which confuses two concepts 
important for evaluating the process where-
by transmission evolves. In common usage, 
a ‘mode’ of transport (e.g. train, bus, car 
and bicycle) is easily distinguishable from a 
‘route’ taken to get to a destination (e.g. via 
which city, or via which speci�c interna-
tional departure and arrival point). Similar-
ly, in reference to transmission, ‘mode’ 
should refer to the method that a pathogen 
uses to get from starting point to destina-
tion, whereas the ‘route’ is the path taken 
using the chosen mode and includes a start-
ing point (site of pathogen presentation, or 
portal of exit), a speci�c pathway used, and 
a destination (where the pathogen enters). 
�is distinction is important because the 
mode de�nes certain epidemiological char-
acteristics of the pathogen and the disease, 
and hence expectations for its possible 
evolution (for example, sexual versus non-

HIV and its Mode of 
Transmission

Prevention, Prevalence and Treatment of HIV AIDS
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sexual transmission). �e routes for one 
mode may be several, or many, and dictate 
speci�cally how the pathogen will leave one 
body and infect another, e.g. faecal–oral, 
hand–oral, fomite–lung, etc. Until we 
know both the mode and route, the trans-
mission is not fully de�ned. For example, a 
pathogen transmitted by the lung-to-lung 
route may be droplet-borne or airborne, 
and a pathogen transmitted by the vertical 
mode may take the transplacental or vagi-
nal-skin route. 
 However, once we know both mode 
and route, the evolutionary trajectory may 
be hypothesized and control measures can 
be implemented. Knowledge of routes asso-
ciated with a given mode might also indi-
cate how restricted a particular pathogen 
might be in its transmission, which in turn 
may suggest more precise or wide-ranging 
methods of control. For example, airborne 
pathogens mainly spread from one respira-
tory tract to another, whereas vector-borne 
pathogens can be transmitted from vector 
to skin, from the vectors’ faeces to lung, or 
from a vector bite to the blood stream.
 �e actual hierarchical order of the 
divisions and sub-divisions is debatable but 
these are the commonly used dichotomies. 
Within the evolutionary literature on 
disease, the major distinction made among 
transmission modes is between vertical and 

horizontal transmission, with horizontal 
transmission commonly subdivided into 
sexual versus non-sexual. Most health and 
government organizations classify infec-
tious diseases as being transmitted ‘directly’ 
(e.g. sexual, vertical, skin-to-skin contact) 
and ‘indirectly’ (e.g. airborne, vector-borne, 
vehicle-borne, water- and food-borne). As 
directly transmissible diseases are by de�ni-
tion spread by direct contact between indi-
viduals, this distinction may be more useful 
to warn medical workers that they may be 
at risk of infection by directly transmitted 
pathogens from their patients. Another 

Prevention, Prevalence and Treatment of HIV AIDS

Figure 2: HIV transmission
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distinction is sometimes made based on the 
form of the transmission function in rela-
tion to density of infected individuals, 
namely frequency-dependent versus densi-
ty-dependent transmission. [30, Rank 4]
 Quantifying the contribution of 
di�erent modes and routes to overall trans-
mission of a pathogen is a major challenge, 
and the general lack of data on transmission 
for most pathogens is one of the greatest 
obstacles to studying its evolution. For 
example, understanding evolutionary path-
ways in transmission is more limited by reli-
able knowledge of the transmission mode 
than by the phylogenies of the pathogens 
involved. Generally, three approaches 
have been taken to establish and measure 
transmission mode: genetic studies involv-
ing markers, observation of contact pro-
cesses and experimental studies. �e pres-
ence of congruent host and pathogen phy-
logenies has also been used to infer that in 
the past pathogen transmission has been 
predominantly vertical. However, this 
interpretation has been questioned because 
congruent phylogenies may also result from 
the greater likelihood of host shifts between 
related taxa by horizontal transmission. 
Moreover, a high level of observed vertical 
transmission does not preclude a horizontal 
transmission route as the latter may be 
essential to maintain a high disease 

prevalence, in turn resulting in high e�ec-
tive vertical transmission.
Most infectious diseases have the potential 
to be transmitted by multiple modes, so a 
major issue is determining which modes are 
the most important in a particular 
host–pathogen system. Even modes that 
appear ‘incidental’ or unimportant, may, if 
they have a genetic basis, be the target of 
selection in novel circumstances. A classic 
example is the protozoan Toxoplasma 
gondii. While the one de�nitive host, a spe-
cies of Felidae, sheds oocysts in the stool, 
these can infect most warm-blooded organ-
isms when they consume contaminated 
vegetation or raw meat. Species such as 
sheep, humans, mice and rats can main-
tain infection through congenital or neo-
nate transmission, and several cases of 
sexual transmission have also been docu-
mented in experimental studies. 
 Transmission mode can obviously be 
determined by many methods. Contact 
tracing and inferring transmission modes 
based on behaviours among contacts is a 
method commonly used in humans. Age 
speci�city of infection, location of the path-
ogen, site of the lesions and the biology of 
the transmission stages are all pointers to 
the transmission mode. While these meth-
ods are important in identifying modes and 
in directing control measures in human and 

 

Prevention, Prevalence and Treatment of HIV AIDS
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agricultural diseases, quantifying the level 
of transmission by the di�erent modes 
remains a challenge. [34, Rank 4]

 Sexual intercourse was implicated as a 
primary mode of transmission of the virus 
even before the etiologic agent (HIV) had 
been identi�ed.  However, the sexual trans-
mission of the virus is not highly e�cient, 
and the risk of acquiring the infection as a 
result of a single sexual exposure is relatively 
low. Sexual transmission depends on the 
type and frequency of sexual encounters, as 
well as the prevalence of other risk factors. 
With respect to heterosexual transmission, 
as with other sexually transmitted diseases, 
women are at higher risk than. Transmis-
sion rates may also vary depending on the 
risk group of the originally infected partner. 
�e risk of transmission has been shown to 
be lower for female partners of hemophili-
acs and bisexual men and for partners of 
transfusion-infected persons than it is for 
female or male partners of injection drug 
users 
 Delineation of the precise biological 
mechanisms involved in the heterosexual 
transmission of HIV has been complicated 
by the di�culty of identifying a potential 
series of sexual encounters in which 
exposure to HIV is known to have 

occurred each time. We know that cell-free 
virus is infectious for blood product recipi-
ents and that cell-associated virus can infect 
cell lines in vitro. We simply do not know 
the relative contributions of cell-free and 
cell-associated HIV transmission in various 
at-risk  sexual contact. Furthermore, viral 
factors that may in�uence the e�ciency of 
transmission are so far poorly understood, it 
is not yet known whether speci�c viral gen-
otypic or phenotypic attributes in�uence 
the e�ciency of viral transmission.
 Transmission is known to be facilitat-
ed by a compromise of the integrity of mu-
cosal surfaces and the presence of other sex-
ually transmitted diseases, such as syphilis 
and chancroid. By increasing circulating 
lymphocytes and macrophages that may 
harbor HIV at the site of local infection, the 
presence of sexually transmitted diseases 
may potentially increase infectiousness as 
well. As a result, the prevalence of sexually 
transmitted diseases in a population of indi-
viduals at risk for HIV infection can signi�-
cantly alter the e�ciency of virus spread.
 If a virus-transmitting donor has 
advanced HIV disease, the recipient may 
also be more likely to become infected. Fur-
thermore, infection by an advanced-stage 
donor is associated with a higher incidence 
of acute viral syndrome may be due to 
increased viral load in the transmitter or to 

Sexual Transmission
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increased virulence of the transmitted 
strains of HIV.
 Originally, it was thought that the 
virions and infected cells found in semen 
are directly imported from the blood. How-
ever various studies have now shown that 
the genital tract constitutes a distinct 
viral compartment that locally produces 
viral particles and infected cells presuma-
bly under a di�erent selective milieu than 
in the general circulation. As a result, the 
viral quasispecies in the genital compart-
ment are related to, yet distinct from that 
in blood. �erefore, during a transmission 
event, the viruses to which the recipient is 
initially exposed may already di�er from the 
viruses found in the blood of the donor. 
Most data compare viral populations in 
semen to those in the blood circulation; 
however, limited data exist to suggest the 
possibility of a similar e�ect in the female 
genital tract compared to the blood circula-
tion of the same donor.
 Although the viruses in the genital 
compartment are thought to move back 
and forth between the blood and the genital 
compartment, generally this movement 
appears limited and doesn’t seem to negate 
the reduced genetic diversity observed in 
the genital tract. Individual infected CD4+ 
cells or virions from the blood may in�ltrate 
into pockets of uninfected target cells in the 

genital tract to generate local foci of infec-
tion or even sustained, autonomous virus 
replication which would lead to clonal am-
pli�cation or full compartmentalization of 
virus in the genital tract. Studies of the male 
genital tract in macaques and humans 
indeed demonstrated that SIV and HIV-1 
can replicate in leukocytes within the testes, 
epididymis, prostate and seminal vesicles 
during all stages of infection. 
 �ese leukocytes, mainly T lympho-
cytes and to a lesser extent macrophages, are 
localized in the stroma and secretory epithe-
lium of these organs. Infection of these cells 
could lead to the release of free viral parti-
cles and infected cells in the lumen and thus 
in the seminal plasma during ejaculation. 
Prostate and seminal vesicles are likely the 
main source of cell-free HIV-1 in semen, as 
they display higher levels of infection than 
the epididymis and the testes. �is is sup-
ported by the fact that vasectomy has little 
or no e�ect on seminal viral loads.
 �e genital �uid includes semen in 
males and cervical vaginal �uid in females. 
Genital �uids are known to contain pro-
teins that can enhance or reduce the viral 
infectivity. In semen for example, a 
well-known enhancer of viral infectivity is 
the semen-derived enhancer of virus infec-
tivity (SEVI). SEVI is made up of peptides 
found in semen that aggregate into amyloid 
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�brils and are capable of enhancing virus 
attachment to target cells and increase 
infectivity by up to 400,000-fold using a 
mechanism that involves cationic charges 
of the �brils.  
 Looking at pre-infection in women, 
in�ammatory cytokines have been shown 
to enhance HIV-1 acquisition. Further-
more, it has also recently been shown that 
high levels of in�ammation may select for 
transmission of viruses that are less infec-
tious. �ese e�ects likely re�ect an impact 

of in�ammatory cytokines upon the trans-
mission bottleneck.
 In HIV-infected men, transmission 
�uid contains both cell-free virus from the 
seminal plasma and cell-associated virus 
from seminal cells. �e latter are usually the 
most abundant HIV-susceptible host cell in 
semen as seminal CD4+ T lymphocytes are 
often depleted during chronic infection. 
�e relative contribution of cell-associated 
vs cell-free seminal virus towards transmis-
sion is yet to be resolved. One study sup-
ports the transmission of cell-free virus as 
opposed to cell-associated virus, although 
this interpretation has been questioned. 
Interestingly, viral variants isolated from 
seminal leukocytes are sometimes phyloge-
netically distinct from cell-free virions 
found in the seminal plasma indicating that 
they may di�er phenotypically and in their 
transmission potential. A discrepancy is 
often observed between the number of 
infected leukocytes and the cell-free viral 
load in semen. It appears therefore that the 
HIV-infected cells in semen are not the 
primary source of cell-free virus in seminal 
plasma and that probably distinct sources 
contribute to either cell-free or cell-associ-
ated HIV-1 shedding in semen. 
 Ordinarily, it is expected that cell-as-
sociated virus would represent older partial-
ly archived, more stable viral populations 

Figure 3: Sexual transmission of HIV
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Intravenous Drug Users 
Transmission 

 �e data used in this 5-study analysis 
almost exclusively come from two research 
groups working in di�erent settings. In a 
North American cohort, 4/10 (40%) of the 
IVDU infections studied were traced to a 
single transmitted/founder. Although this 
is signi�cantly lower than the rate of single 
founder infections identi�ed following 
sexual transmission, this study nonetheless 
suggests that there remains a substantial 
bottleneck in Intravenous Drug Users 
transmission despite the absence of a physi-
cal barrier to transmission. In a Russian 
Intravenous Drug Users cohort, 9/13 
(69%) infections studied were traced to a 
single transmitted/founder. If this latter 
study is combined with unpublished analy-
sis of 7 further infections from the same 
research group, then 16/20 (80%) of the 
Intravenous Drug Use infections studied 
were traced to a single transmitted/founder 
virus from this Russian cohort.
 A substantial limitation to interpre-
tation of these studies is that the size of the 
initial inoculum in Intravenous Drug Users 
cases is very di�cult to estimate because, in 
part, it depends upon the volume of blood 
transferred during the use of shared needles 
and/or syringes, upon the infectiousness of 
the transferred virus and upon the donor’s 
viral load. �e volume of blood drawn into 
the syringe to con�rm that the needle is in 

while the cell-free viruses in plasma would 
represent recently produced viruses, based 
upon the very short half-life of cell-free 
virus in blood or transmission �uids. 
 One would expect then that if the 
majority of transmitted viruses originated 
from infected seminal cells, that these 
would resemble earlier viruses in the donor. 
While this has been reported in a study, the 
inferred donor ancestral virus identi�ed in 
the recipient was shown to originate from 
blood but there was no analysis of virus 
from the genital compartments to trace as 
best as possible the steps from blood to 
transmission. [94, Rank 4]

 �e disseminated infection seemed to 
be derived from a single variant in 40–80% 
of the transmissions of new infections that 
were analyzed. In an analysis that combined 
data from 5 di�erent studies, only one 
transmitted/founder virus was detectable in 
21 of 32 (66%) recent intravenous drug 
use-associated HIV-1 infections. In aggre-
gate, this is not di�erent from the rate of 
infections traced to a single transmitted/-
founder virus following sexual transmission. 
�is strongly suggests that a substantial bot-
tleneck at or near transmission exists during 
IVDU-associated transmission, in which 
there is no mucosal barrier to transmission.
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a vein, will be highly variable (perhaps 100 
μl) and subsequently diluted by a variable 
volume of drugs in the syringe.A related 
practice of direct needle sharing has been 
termed booting Practices such as booting - 
drawing blood into the syringe a second 
time and re-injecting it to rinse residual 
drug solution out of the dead-space as 
well as �ushing the needles with water 
before sharing, will all a�ect the �nal 
volume of donor blood that is transmitted 
to the recipient. In simulations, high dead 
space syringes transfer approximately 84 μl 
without rinsing and 1 μl of donor blood 
with rinsing, and low dead space syringes 
transfer ~2 μl without rinsing and much 
smaller volumes (<0.001 μl) with rinsing. 
�ere is thus a wide range of possible trans-
ferred volumes, even under relatively con-
trolled laboratory conditions.
 A second factor that needs to be con-
sidered will be the infectiousness of the 
HIV-1 in the retained donor blood. �is 
will be a�ected by practices such as drug 
heating, the time between needle sharing, 
etc. �ird, the size of the virus inoculum 
will be determined by the viral load of the 
donor. Viral loads of recently infected 
Intravenous Drug Users and individuals 
infected by heterosexual transmission are 
very often over 100,000 cp/ml, (100 cp/μ
l), in almost half of the study participants 

tested. Recently infected individuals may 
account for a disproportionately large frac-
tion of HIV-1 transmission under many 
conditions. In any event, a log mean viral 
load of 16,000 cp/ml was calculated for 
North America and Europe (where these 
IVDU studies were conducted) using a 
large dataset derived mostly from chroni-
cally infected individuals. �ese viral loads, 
particularly those of recently infected indi-
viduals, are high enough that the presence 
of multiple variants in submicroliter vol-
umes of blood is probably common. De-
spite this, new HIV-1 infections in Intrave-
nous Drug Users are very frequently tracea-
ble to a single founder virus, similar to what 
is observed for sexual transmission.
 Another limitation to these studies is 
that it is not possible to rule out that some 
of the transmissions presumed to occur via 
the Intravenous Drug Users route could 
also have been actually transmitted sexually. 
In the case of the 20 transmissions analyzed 
from Russian Intravenous Drug Users, the 
transmission would almost certainly need 
to have been from another drug user (even 
if sexually transmitted), as the Intravenous 
Drug Users epidemic in the region is pre-
dominantly subtype A and the sexually 
transmitted epidemic is predominantly 
subtype B. Finally, it is also not possible to 
rule out transmission of more than one very 
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•

closely related virus. �is may be more 
likely when the donor has an acute infec-
tion that has not fully diversi�ed.
 A separate category of drug injec-
tion practices can be termed indirect 
needle sharing because they do not direct-
ly involve passing a contaminated needle 
and syringe between individuals
 Despite these limitations, when 
aggregating all available data, the overall 
rate of new infections traced to a single var-
iant in presumed Intravenous Drug Users 
transmission appears to be much higher 
than what can be expected from the esti-
mated viral inoculum, and statistically 
indistinguishable from the rate in sexual 
transmission. �at there is a drastic drop in 
viral diversity from intravenous inoculum 
to new HIV-1 infection is supported by a 
study in rhesus macaques. Five macaques 
were challenged with an intravenous dose 
of 2 × 105 viruses of one of two viral 
isolates with diversity typical of early 
chronic HIV-1 infection, plausibly a larger 
dose than is normally experienced during 
Intravenous Drug Users transmission. In 
three of the �ve macaques, the resulting 
infection was traced to between 1 and 4 
distinct variants. �us, even under these 
controlled conditions, the diversity of the 
HIV-1 infection from intravenous exposure 
is drastically reduced compared to the 
diversity found in the inoculum.

 To the extent that these data are 
explained by selection following Intrave-
nous Drug Users inoculation, we must con-
clude that the mucosa of the genital tract is 
not absolutely required to produce a trans-
mission bottleneck. We suggest that there 
may be substantial selection and/or sto-
chastic narrowing at the level of establish-
ment of systemic infection.
 �ought must be applied to the role 
of the genital tract mucosa as a physical 
barrier to HIV-1 infection in sexual trans-
mission. Analysis of an aggregate of cur-
rently available data suggests that the rate of 
new infections traceable to a single variant 
is not di�erent between Intravenous Drug 
Users and sexual transmission. However, 
there are substantial uncertainties 
associated with concluding that the 
mucosal barrier is not meaningful to HIV-1 

The primary category of intrave-

nous transmission is direct needle 

sharing, which involves the reuse 

of needles and syringes that have 

been contaminated through prior 

use by an infected individual. Pen-

etration of the needle through 

the skin is suf�cient for contami-

nation and subsequent transmis-

sion of HIV infection, as has been 

demonstrated in cases of needle 

stick injuries among health care 

workers
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transmission.. In particular, there are stud-
ies that suggest that genital mucosal surfac-
es do provide a substantial barrier to HIV-1 
viral particles that is likely to be meaningful 
to sexual transmission, although not essen-
tial for the transmission bottleneck. None-
theless, in light of the substantial bottle-
neck associated with IVDU transmission, it 
is challenging to understand why sexual 
transmission to recipients with a range of 
STIs (such as syphilis and other ulcerating 
infections, gonorrhea and chlamydia) leads 
to an increased risk of HIV-1 infection, and 
possibly an increased risk of infection by 
multiple HIV-1 variants. Perhaps the 
e�ects of the STIs that actively promote the 
establishment of HIV-1 infection are the 

key, important e�ects rather than e�ects 
associated with compromise of the mucosal 
barrier. [95, Rank 3]

 Female injection drug users or part-
ners of male injection drug users represent 
the largest number of HIV-infected women 
of childbearing age, constituting a sizable 
threat for perinatal transmission of HIV. 
�e transmission of HIV from an infected 
mother to her o�spring may occur in 
utero, during the birth process (intrapar-
tum), or at some time following birth 
(postpartum) by breast-feeding. Approxi-
mately 25 to 30 percent of neonates born 
to HIV-seropositive mothers become 
infected.
 For infants born to HIV-seropositive 
mothers, the transplacental transfer of ma-
ternal anti-HIV antibodies complicates the 
accurate estimate of the number of infants 
infected in utero versus those infected 
during or after birth. Many HIV-infected 
pregnant women are unaware of their infec-
tion, the opportunity for the early diagnosis 
and treatment of their infected infants 
frequently may be missed. Interventions to 
prevent postpartum transmission, such as 
avoidance of breast-feeding, are not availa-
ble to women who do not know that they 
are infected with HIV. In perinatal 
transmission, a variety of factors, usually 

Figure 4: Factors a�ecting HIV infection in intravenous 
drug users

Perinatal Transmission
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associated with latter-stage disease, includ-
ing the presence of maternal p24 antigene-
mia and low maternal CD4+ lymphocyte 
counts at the time of conception, correlate 
with the likelihood of infection of a neo-
nate. Additional risk factors in perinatal 
transmission include high maternal CD8+ 
T-lymphocyte counts, placental membrane 
in�ammation, and maternal fever. It is 
likely that many HIV infections in infants 
are acquired at birth through contact with 
contaminated blood or secretions. Among 
twins born to HIV-infected mothers, a 
higher risk of HIV infection is seen in the 
�rstborn, even for twins delivered by cesar-
ean section, suggesting that factors related 
to the delivery process a�ect the risk of 
infection. 
 

 �e fact that both the virus donor 
and the recipient are known in the case of 
perinatal HIV infection provides potential 
opportunities for interventions to decrease 
the risk of viral transmission. Recent stud-
ies have shown that antiviral treatment of 
an HIV-infected mother with zidovudine 
(AZT) can signi�cantly decrease the likeli-
hood of HIV infection in her o�spring. 

 A focused and strategic approach to 
the HIV response should be based on a 
clear understanding of the spatial and 
temporal variation of HIV transmission 
patterns and associated risk behaviours. 

Figure 5: Factors a�ecting HIV infection through parenteral transmission

Understanding patterns of 
 HIV Transmission 
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 �e ‘Know your Epidemic/Know 
your Response’ e�orts are intended to help 
countries become more systematic in their 
prevention approaches by using strategic 
information to inform programme plan-
ning and decisions regarding resource 
allocation. �e proposed process includes 
a comprehensive review of available epi-
demiological data, analysis to determine 
the distribution of new infections by 
modes of transmission, and a comparison 
of current prevention responses and 
resource allocation with the modelled 
HIV incidence estimates. �e modes of 
transmission analysis have constituted a 
vehicle through which this approach has 
been considered, developed and imple-
mented.
 To date, modes of transmission 
analyses have been conducted or are 
underway in more than 30 countries 
worldwide. Results for those countries that 
have successfully completed modes of 
transmission exercises show wide variation 
between and within regions. Application of 
the modes of transmission model has 
shown that the majority of new infections 
are likely to occur in the general population 
among stable, discordant couples and those 
individuals who have multiple sex partners. 
 Priority should therefore be given to 
those interventions and combinations of 
interventions, speci�c to the local context, 

which may have the biggest impact on the 
epidemic including the promotion of med-
ical male circumcision in high HIV preva-
lence countries, expanding HIV testing and 
counselling services and expanding access 
to antiretroviral therapy for treatment and 
prevention. It should also continue to pro-
mote safe sexual behaviour including the 
reduction of multiple sexual partners and 
high levels of condom use, and strengthen 
comprehensive HIV programmes for sex 
workers.
 In Latin America, prevention e�orts 
should continue to focus on reducing risky 
behaviour among Men having sex with 
men, while e�orts in Morocco, North 
Africa, should focus greatly on commercial 
sex networks. �ese programmes should 
include targeted communication, educa-
tion and condom programming, as well as 
community mobilisation. In eastern 
Europe and the Middle East, reducing new 
infections among IV drug users should be 
essential, by providing sterile drug injecting 
equipment and drug substitution therapy. 
Access to antiretroviral therapy should be 
promoted in all key populations to ensure 
good health outcomes and to reduce HIV 
transmission, while it is essential that 
programme activities for key populations 
be complemented by increased support for 
the protection of human rights, outreach 
to marginalised populations and for the 
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reduction of stigma.
 �e modes of transmission results in 
Asia con�rm the continuing focused nature 
of the epidemics in the region, with new 
infections concentrated in key populations 
and their immediate sexual partners. How-
ever, there is wide variation in the contri-
bution of the di�erent groups to the HIV 
epidemics in the region and the situation 
can change rapidly over a short time, as 
was illustrated in the Philippines. �is 
diversity can be explained by variations 
in the size of key populations, behaviour-
al factors, biological factors, timing of the 
introduction of HIV and the level and 
e�ectiveness of responses in key popula-
tions. As a consequence, the focus of e�ec-
tive prevention responses can vary greatly 
and careful local assessments are needed to 
guide those responses.
 While HIV remains concentrated in 
key populations in most countries in Asia, 
the contribution of transmission to spouses 
of those currently or formerly at higher risk 
has increased in several countries in recent 
years. 
 Data on key populations are often 
limited and di�cult to obtain and studies 
conducted among these populations, par-
ticularly in countries where such popula-
tions are stigmatised or marginalised, are 
most often not representative of the entire 
population. In some countries the size 

of the stable heterosexual population is 
assumed as the ‘left-over’ after all the other 
population group sizes have been estimated 
and the incidence contribution could be 
in�ated if unknown risk groups or behav-
iours are not accounted for. Furthermore, 
the reliability of self-reported data on risk 
behaviour can be questionable and the 
extent of under-reporting or over-reporting 
is often not known. Some research studies 
have shown that responses to household 
survey questions about visiting sex workers 
or having multiple partners under-report 
the true behaviours. To the extent that 
models rely on this data they may underes-
timate the proportion of new infections 
occurring among these populations. 
Because of limited data at subnational or 
provincial level, the model is usually con-
ducted at the national level and hence sub-
national variation in transmission patterns 
is not captured.
 UNAIDS has developed a new tool 
to help countries assess the availability and 
quality of epidemiological and behavioural 
data and to help users better judge the relia-
bility of results. One of the advantages of 
the modes of transmission analysis is that 
it usually forms part of a country-owned, 
multistage process which includes a com-
prehensive review of data and, where pos-
sible, a comparison with response data. 
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 Epidemiological tracing using genet-
ic markers might seem a particularly useful 
approach to studying transmission mode, 
but while markers can identify the source 
and target of a transmission event, they 
cannot per se pinpoint the transmission 
mode unless combined with other 
approaches. A classic example is the tracing 
of HIV infections to particular healthcare 
workers. However, only by assessing associ-
ated risk factors (e.g. sexual activity of the 
health care workers and patients) was it 
established that many of these HIV infec-
tions were likely to have been blood-borne 
rather than sexually transmitted. 
 Genetic markers are perhaps most 
useful in determining transmission routes 
in multi-host systems. For example, micro-
satellite markers have been used to identify 
possible hosts of Schistosoma japonicum . 
DNA sequencing analysis of mosquito 
blood meals was used to establish which 
bird species were potentially important for 
West Nile virus transmission to humans. 

Importantly, it helps to build capacity in 
countries and it brings together experts 
and stakeholders to critically review 
available data, to identify limitations or 
biases in the data and to identify and �ll 
key gaps in their understanding of the 
epidemic and the contribution of speci�c 
risk populations. �is process is central to 
any attempt to estimate the modes of HIV 
transmission. In this regard the indirect 
bene�ts of the Modes of Transmission 
analysis and the process in several coun-
tries have exceeded their direct technical 
value in mapping the HIV transmission 
by mode of exposure. 
 �e majority of countries that have 
conducted modes of transmission analysis 
have considered them useful. An outcome 
evaluation concluded that the modes of 
transmission studies achieved their main 
purpose of reinvigorating thinking about 
epidemic dynamics, HIV prevention and 
improving the HIV response. In most 
instances the process was well constructed 
and involved extensive incountry and inter-
national consultation with close involve-
ment or coordination from the National 
AIDS Councils, among other governmen-
tal or non-governmental organisations and 
academic institutions. Both the epidemio-
logical reviews as well as the modelling 
processes involved high level expertise and 
experience in countries

 �e results of the modes of trans-
mission studies have been considered in 
national planning e�orts and grant 
applications in several countries. [25, 
Rank 3]

Determining Transmission 
Modes and Routes
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 Studies of co-inheritance of genetic 
markers in parasites and both cytoplasmic 
and nuclear genetic markers in their hosts 
can also provide information on the degree 
to which transmission is vertical or horizon-
tal. Under perfect maternal transmission, 
there is complete linkage disequilibrium 
between host mtDNA and pathogen alleles, 
and degrees of departure from this can be 
used to back-infer the amount of horizontal 
transfer.
 �e comparison of patterns in path-
ogen phylogenetic distance is a related 
and promising approach to infer trans-
mission mode. �is approach can provide 
evidence for multiple transmission modes 
in a system, as di�erent lineages may show 
di�erent relationships. For example, if 
pathogen genetic distance between related 
hosts is less than expected by chance in 
some strains, it is likely that vertical trans-
mission plays some role in their transmis-
sion mode, as has been demonstrated for 
feline immunode�ciency virus in lions. 
Conversely, if there is a strong spatial pat-
tern in pathogen genetic distance but little 
e�ect of host relatedness, it is possible that 
horizontal transmission is the dominant 
mode.
 Experimental infections also provide 
estimates of the relative importance of 
di�erent transmission routes. For example, 
in avian in�uenza, experimental infections 

have estimated persistence of virus in the 
environment, and thus the relative impor-
tance of airborne versus environmental (fae-
cal–oral) routes. 
 Similarly, experimental studies on 
Foot and mouth disease virus have used 
calves either directly exposed to other 
infected individuals or housed in buildings 
that had previously held infected individu-
als to study direct versus environmental 
transmission. As another example, to deter-
mine whether vertical (congenital) trans-
mission alone was su�cient to maintain 
transmission of Toxoplasma gondii in 
brown rats, Rattus norvegicus, rats were 
trapped from local farms and released into a 
large naturalistic outdoor enclosure in the 
absence of oocysts from the feline de�nitive 
host. Over the subsequent three years, the 
rat population expanded but the seropreva-
lence remained approximately constant, 
showing feline hosts were not essential to 
maintain transmission. Although ento-
mo-pathogenic Rickettsia is generally 
assumed to be vertically transmitted, exper-
imental studies showed a phytophagous 
Rickettsia could be horizontally transmitted 
via the phloem; uninfected white�ies (Bi-
mesa tabaci) physically separated from 
infected white�ies could acquire the infec-
tion by feeding on the same leaf.
 Experimental studies exposing poten-
tial arthropod vectors to pathogens by 
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humans selected for CCR5 (CC Chemok-
ine receptor 5) tropic viruses, and that R5 
viruses could be distinguished from CX-
CR4(CC chemokine receptor 4 )tropic 
viruses (X4 viruses) genotypically by amino 
acid signatures primarily in the V3 region 
of Env. But the important question now 
raised was if there were additional genetic 
signatures and corresponding phenotypic 
properties that distinguish transmitted R5 
from others. Put di�erently, is HIV-1 trans-
mission essentially a stochastic process in 
which any reasonably �t R5 virus can be 
transmitted, or are there critical properties 
of viruses that are transmitted that distin-
guish them from the innumerable variants 
that circulate in every chronically infected 
individual? If such signatures and pheno-
types could be identi�ed, they could con-
ceivably represent targets of rational vaccine 
or drug design.
 �e HIV-1 genome encodes two gly-
coproteins (as shown in Figure 6) - the sur-
face subunit gp120 facilitates interactions 
with receptor molecules, while the trans-
membrane subunit gp41 anchors the Env 
(envelope) complex in the viral membrane 
and mediates fusion with the host cell 
membrane. HIV-1 gp120 contains �ve “hy-
pervariable” domains that tolerate sequence 
heterogeneity.

allowing them to feed on infected hosts are 
relatively commonplace. �e detection of 
the pathogens (often viral RNA) can be in 
the saliva or head of the insect or in the 
whole insect. However, most such studies 
implicitly assume that the demonstration of 
pathogen replication in a vector following 
arti�cial exposure to a pathogen is adequate 
to infer vector-borne transmission in the 
�eld. Unfortunately, studying actual trans-
mission under �eld conditions is expensive, 
time-consuming and rarely done.

 �e identi�cation and enumeration 
of HIV 1 or transmitted/founder viruses in 
acutely infected heterosexuals, men who 
have sex with men, Intravenous Drug Users 
and infants born to infected mothers pro-
vided an opportunity to explore such virus-
es for genetic signatures and phenotypic 
properties that might distinguish them 
from other viruses. Such studies had been 
undertaken previously with early but not 
transmitted/founder viruses, and they 
yielded intriguing �ndings, but the molecu-
lar identi�cation of transmitted/founder 
viruses allowed for the �rst time such stud-
ies to be undertaken with far greater preci-
sion. From earlier studies, it was well estab-
lished that the transmission of HIV-1 in 

Classi�cation of HIV 
Infection
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 Since its �rst detection three decades 
ago, the HIV/AIDS pandemic has been 
profoundly shaped by criminal justice 
systems. Surveillance studies have com-
monly observed signi�cantly higher preva-
lence of HIV infection among incarcerated 
populations as compared to analogous 
non-incarcerated groups. �e elevated 
seroprevalences among individuals held 
in correctional facilities are, for the most 
part, a result of the political and criminal 
justice structures that penalize groups 
who already face multiple HIV/AIDS-re-
lated vulnerabilities, including individu-
als addicted to illicit drugs, sex workers, 
and sexual/gender minorities. However, 
evidence from a variety of studies, including 
molecular contact-tracing investigations 
and entry/exit antibody testing, have also 
identi�ed within-prison transmission, facil-
itated by the dearth of evidence-based HIV 
prevention tools. In addition, exposure to 
correctional facilities has been strongly 
associated with elevated levels of co-mor-
bidities like hepatitis C, tuberculosis, 
untreated mental illness including 
unmanaged substance use disorders and 
social/ structural factors (stigma, discrim-
ination, political disempowerment, 
socio-economic marginalization and 

 �e gag gene encodes viral core pro-
teins, the pol gene encodes a set of enzymes 
required for viral replication, and the env 
gene encodes the viral surface glycoprotein 
gp160. (as shown in Figure 8)
 Compared with HIV-1 infection, 
HIV-2 infection is characterized by a 
much longer asymptomatic stage, lower 
plasma viral load, slower CD4 cell count 
decline, lower AIDS-related mortality 
rate.
 HIV-1 transmission might select for 
traits other than coreceptor usage came 
from a genetic comparison of the viral env 
sequences from eight subtype C HIV-1 
transmission pairs.  Studies were  conduct-

ed prior to reports describing              single 
genome ampli�cation (SGA) and                              
thus carries the caveat that molecular                           
clones of env could have contained in vitro 
generated artifacts from Taq polymerase 
mis- incorporation or recombination. It 
was found out that in each subject pair, 
regardless of whether virus was transmitted 
MTF (male to female) or FTM (female to 
male), the newly transmitted viruses encod-
ed statistically shorter and less glycosylated 
V1–V4 regions than did envs from the 
chronically infected partner. 
 More compact Env glycoproteins 
might interact more e�ciently with rele-
vant target cells in the genital mucosa. 
�is observation was subsequently con-
�rmed using SGA (Single Genome Analy-
sis) methods in an independent cohort of 

Figure 6: HIV 1 Genome

Figure 7: Structure of HIV
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ed prior to reports describing              single 
genome ampli�cation (SGA) and                              
thus carries the caveat that molecular                           
clones of env could have contained in vitro 
generated artifacts from Taq polymerase 
mis- incorporation or recombination. It 
was found out that in each subject pair, 
regardless of whether virus was transmitted 
MTF (male to female) or FTM (female to 
male), the newly transmitted viruses encod-
ed statistically shorter and less glycosylated 
V1–V4 regions than did envs from the 
chronically infected partner. 
 More compact Env glycoproteins 
might interact more e�ciently with rele-
vant target cells in the genital mucosa. 
�is observation was subsequently con-
�rmed using SGA (Single Genome Analy-
sis) methods in an independent cohort of 

10 subtype C transmission pairs. With non- 
Single  Genome Analysis methods,   it is 
found out             comparing Envs    from 
subtype A HIV-1 acutely infected sex work-
ers to a database of matched chronic virus 
sequences and 13 subtype D and A trans-
mission pairs. Interestingly, such di�erences 
in acute versus chronic Envs were not seen 
in studies of recently transmitted subtype B 
HIV-1 heterosexual or men having sex with 
men infections, suggesting that subtype 
di�erences in the virus or maturity of the 
epidemics may in�uence the contribution 
of such a phenotype to HIV-1 transmission.
 Most recently, researchers compared 
over 7000 SGA-derived env gp160 
sequences from 275 acutely or chronically 
infected subtype B subjects and observed 
statistically robust signatures comprising 
single amino acids, glycosylation motifs, 
and multisite patterns of clustered amino 
acids. �ese included signatures near the 
CCR5 (CC chemokine coreceptor) binding 
surface, near the CD4-binding site, in the 
cytoplasmic domain of gp41, and in the 
signal peptide. �e motif with highest sta-
tistical signi�cance was at amino acid 
position 12 in the signal peptide, which 
may a�ect Env  expression and incorpora-
tion of Env into virions. �e second most 
signi�cant signature was at amino acid posi-
tion 413–415, which a�ected a glycan 
involved in escape from antibody neutrali-

zation. How these changes might a�ect 
HIV-1 transmission is currently unknown.
 Transmitted HIV-1 genomes were 
also analysed for distinguishing properties 
by phenotypic characterization. It has been 
di�cult to link sequence di�erences 
observed between chronic and acute Envs, 
even within transmission pairs, to a distinct 
phenotypic property that might in�uence 
transmission other than CCR5 tropism. In 
an analysis of Zambian subtype C transmis-
sion pairs, it was found that Envs from the 
newly transmitted viruses retained sensi-
tivity to neutralization by the partner’s 
antibodies and in fact were more sensitive 
on average than Env variants derived 
from the transmitting partner. �is char-
acteristic coupled with shorter variable 
loops in early viruses led to the hypothesis 
that transmissibility was linked to loss of 
Env modi�cations required for neutraliza-
tion resistance in the chronically infected 
host but dispensable in the immunological-
ly naïve partner. 
 Despite this, the acute Envs were not 
generally more sensitive to neutralization by 
either pooled HIV-1–positive sera or to a 
majority of broadly neutralizing antibodies. 
Moreover, the acute and chronic Envs had 
similar requirements for high CD4 and 
CCR5(CC Chemokine receptor 5)  levels 
on target cells and they showed comparable 
utilization of CCR5 chimeric proteins 
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tion, and higher virion infectivity compared 
with control viruses.
 �e �rst biological analysis of com-
plete HIV-1 subtype B transmitted/founder 
env genes, and of subtype B and C trans-
mitted/founder full-length viral genomes, 
showed these viruses to be uniformly CD4 
(cluster of di�erentiation 4) dependent and 
CCR5 (   chemokine receptor type 5) or 
CCR5/  C X CR4 (chemokine receptor 
type 4) dual tropic. �ese �ndings thus 
revealed that CCR5 (chemokine receptor 
type 5) tropism is a property of the trans-
mitted virus itself and   not a phenotype 
that evolves in the initial  days and weeks 
of infection. Similarly, transmitted/founder 
viruses were found to show neutralization 
sensitivity patterns typical of tier 2 or 3 
primary virus strains with V3 and core-
ceptor binding surface regions well protect-
ed from binding by neutralizing monoclo-
nal or polyclonal HIV-1 antibodies. 
 Again, these were properties of the 
transmitted/ founder virus at or near the 
moment of virus transmission and were not 
properties that evolved in early infection. 
Subtype B and C transmitted/founder 
genomes encoded viruses that replicated 
e�ciently in primary human CD4+ T cells 
but much less well in monocyte-derived 
macrophages, consistent with results 
obtained with Env pseudotyped viruses. 
�ese observations were extended to 

and alternative coreceptors. Also, following 
up on genetic signatures of virus transmis-
sion identi�ed characterized the phenotypic 
e�ects of the position 12 polymorphism in 
the Env leader sequence, which was found 
to be an enriched motif in transmitted/-
founder viruses. Experiments showed an 
association between a positive amino acid 
(histidine) at position 12 and higher Env 
expression, higher virion Env incorpora- 

The HIV genome contains three 

major genes including gag, pol, 

and env, encoding major structur-

al proteins as well as essential 

enzymes. In addition to these 

three major proteins, HIV also 

encodes proteins with certain 

regulatory and auxiliary func-

tions containing Tat and Rev, 

which activate viral transcription 

and control the splicing and 

nuclear exports of viral tran-

scripts, respectively. Four other 

genes encode accessory proteins 

Vif, Vpr, Vpu and Nef, which are not 

essential for replication in certain 

tissues. The viral genome is 

�anked by LTRs (long terminal 

repeats) that are required for viral 

transcription, reverse transcrip-

tion and integration. The genome 

dimerization and packaging 

signal is located between the 

5'-LTR and the gag gene
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subtype A transmitted/founder viruses, 
which replicated e�ciently in primary 
human CD4+ T cells but very poorly in 
monocyte-derived macrophages. Interest-
ingly, a substantial proportion of subtype D 
transmitted/founder viruses replicated e�-
ciently in both CD4+ T cells and mac-
rophages, which may correlate with 
enhanced neuropathogenesis of subtype D 
viruses more generally. Again, these �nd-
ings described features of transmitted/-
founder viruses at or near the moment of 
transmission and not virus properties that 
evolved in the newly infected host. �us, 
these �ndings have particular relevance to 
rational vaccine design e�orts and studies of 
virus transmission in general. With respect 
to animal models and human tissue explant 
studies of HIV-1 transmission, the results 
suggest that tissue macrophages may not 
play a signi�cant role in HIV-1 transmis-
sion and that prototypic macrophage-tropic 
HIV-1 strains such as BaL, ADA, and YU2 
may not be best suited as challenge viruses.
 Researchers recently examined the 
genetic and biological basis of the HIV-1 
population bottleneck in mother-infant 
HIV-1 transmission in subtype C infec-
tions. �ey used SGA techniques to charac-
terize 19 transmission pairs, of which 10 
involved intrauterine transmission and nine 
intrapartum transmission. �ere was a 
stringent transmission bottleneck in each 

case. �irteen of 19 transmissions were esti-
mated to be from a single virus. Intrapar-
tum (but not intrauterine) transmissions 
were characterized by transmitted/founder 
Envs that were shorter and had fewer 
potential amino-linked glycans in V1–V5. 
Mother and infant viruses were similar, 
however, in their sensitivity to soluble 
CD4, a panel of neutralizing monoclonal 
antibodies, and to autologous and heterolo-
gous polyclonal antibody neutralization. 
�us, a distinguishing transmission phe-
notype was not evident.
 �e most comprehensive and system-
atic assessment thus far of the biology of 
transmitted/founder Envs compared with 
chronic HIV-1 Envs has been conducted. 
�ese investigators compared the biological 
activity of 24 clade B transmitted/founder 
Envs with that of 17 chronic controls. To 
increase the likelihood of an intact mucosal 
barrier in the acutely infected recipients and 
thus the likelihood of identifying pheno-
typic properties associated with mucosal 
transmission, only transmitted/founder 
Envs from individuals productively infected 
by a single virus were enrolled in the acute 
infection arm of the study. Env pseudotyp-
ing was used to assess envelope function in 
single-round infectivity assays to compare 
coreceptor tropism, CCR5 (chemokine 
receptor type 5)  utilization, primary CD4+ 
T-cell subset tropism, dendritic cell 
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trans-infection, Env fusion kinetics, and 
neutralization sensitivity between acute and 
chronic Envs. Transmitted/founder and 
chronic Envs were phenotypically equiva-
lent in most assays, although transmit-
ted/founder Envs were slightly more sensi-
tive to neutralization by the CD4-bind-
ing-site antibodies b12 and VRC01 and 
by pooled human HIV hyperimmune 
immunoglobulin (HIVIG). �ese �ndings 
were independently validated using a panel 
of 14 additional chronic HIV-1 Env con-
trols.
 With a relatively large number of 
transmitted/founder and acute Envs now 
having been examined across a number of 
di�erent studies and by di�erent investiga-
tive groups, it seems that no single major 
genetic or phenotypic signature is required 
for transmission beyond the use of CCR5. 
Current data suggest that an array of genet-
ic traits, including but not limited to short-
er variable loops and reduced numbers of 
amino-linked glycosylation sites is associat-
ed with enhanced virus transmission at least 
for subtypes A, C, and possibly B. �e 
structural implications of these signatures 
and of the modestly enhanced neutraliza-
tion sensitivity of subtype B viruses are not 
yet understood. 
However, the possibility exists that relative-
ly subtle alterations of Env structure and 
function in the context of the native Env 

trimer could provide su�cient selective 
advantage during the eclipse phase of 
HIV-1 transmission to result in preferential 
transmission of such viruses.
 �e recent �nding that HIV-1 gp120 
binds to the CD4+ T-cell gut homing integ-
rin α4β7 has raised the possibility that this 
capacity is important to an infecting virus 
by targeting cells capable of tra�cking to 
the gut-associated lymphoid tissue. It has 
been reported that α4β7 highly expressing 
CD4+ T cells are more susceptible to pro-
ductive infection by HIV-1 than those 
expressing low levels of the integrin, in part 
because this subset is enriched for activated 
CD4+ cells, and in part because α4β7hi 
cells express high levels of CCR5 and low 
levels of CXCR4. Interestingly, a small 
sample of acute subtype A and C virus Envs 
bound α4β7 with high a�nity, and in some 
cases, later virus strains showed signi�cantly 
reduced binding, consistent with an early 
requirement for infection of α4β7-express-
ing cells that is dispensable once infection 
in the gut mucosa has been established. 
Given that HIV-1 transmission is inherent-
ly ine�cient and likely represents the most 
vulnerable point in the natural history of 
HIV-1 infection, identifying unique prop-
erties and potential vulnerabilities of trans-
mitted/founder viruses remains an impor-
tant objective. [96, Rank 4]
 While it would be obviously advanta

horizontal transmission, with horizontal 
transmission commonly subdivided into 
sexual versus non-sexual. Most health and 
government organizations classify infec-
tious diseases as being transmitted ‘directly’ 
(e.g. sexual, vertical, skin-to-skin contact) 
and ‘indirectly’ (e.g. airborne, vector-borne, 
vehicle-borne, water- and food-borne). As 
directly transmissible diseases are by de�ni-
tion spread by direct contact between indi-
viduals, this distinction may be more useful 
to warn medical workers that they may be 
at risk of infection by directly transmitted 
pathogens from their patients. Another 
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geous for a pathogen to use all possible 
transmission routes, as in any evolutionary 
process involving a complex phenotype, 
there are likely to be direct trade-o�s 
between these routes themselves or these 
routes may have other indirect �tness 
e�ects. In an evolutionary context, 
trade-o�s are quanti�ed by measuring the 
genetic correlations between di�erent traits: 
a negative genetic correlation between alter-
native transmission modes suggests that 
increasing one transmission mode would 
decrease the other. 
 It has been commonplace in theoreti-
cal and general discussion to expect 
trade-o�s in transmission mode. �is is 
most obvious in the con�ict between verti-
cal and horizontal transmission. Activities 
of a host or parasite that increase the rate of 
horizontal transmission (e.g. greater pro-
duction of infectious particles) may increase 
mortality or decrease reproduction, and this 
will correspondingly reduce vertical trans-
mission of the parasite via the o�spring, 
necessarily leading to an evolutionary 
trade-o�. Correspondingly, theory predicts 
that there should be a trade-o� between 
pathogen virulence and transmission mode. 
If the pathogen kills the host quickly there 
is a cost in terms of a reduced number of 
infectious particles, which decreases hori-
zontal transmission. At low host densities, 
contact rates between host and pathogen 

may drop below the threshold necessary for 
persistence, so that persistence is more 
likely if the pathogen can be vertically trans-
mitted and has a low virulence so the host 
survives till reproduction.
 �ese concepts seem intuitive when 
considering, for example, the insect baculo-
viruses, which are invariably lethal when 
horizontally transmitted but are largely 
asymptomatic when vertically transmitted. 
Natural populations of insects are often 
characterized by large seasonal variation in 
abundance, including a complete absence 
of stages that transmit horizontally; hence, 
such populations harbour covert baculovi-
rus infections that are vertically transmit-
ted. Another example is the protozoan para-
site Ophryocystis elektroscirrha of monarch 
butter�ies, Danaus plexippus, which is 
transmitted horizontally when adult butter-
�ies ingest spores on host plant leaves, and 
vertically when spores are transmitted on 
the outside of the eggs. 
 As expected, strains of the parasite 
that produce more spores are transmitted 
more e�ectively horizontally (to other 
adults via the leaves). However, their verti-
cal transmission is actually reduced because 
larger numbers of spores on the eggs cause 
more severe infections that lead to prema-
ture death of the larvae and pupae. Howev-
er, these strains are e�ciently horizontally 
transmitted because they leave more spores 
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on the leaves. Similar trade-o�s are seen in a 
wide range of host–pathogen systems, from 
malaria to microsporidia, myxozoans and 
bacteriophage.
 �e shape of the trade-o� is likely to 
be important in determining whether evo-
lutionary changes lead predominantly to 
one mixed mode, or to the maintenance of 
both modes as genetic variants with alterna-
tive pathways. �is is because the trade-o� 
shape is critical in determining the outcome 
of evolutionary predictions. �e measure-
ment of the shape of the trade-o� also pre-
sents particular challenges, because esti-
mates of genetic correlations per se cannot 
incorporate nonlinearities (other than by 
transformation) and so we lack the statisti-
cal tools for estimating nonlinear genetic 
trade-o�s. �e shape of the trade-o� curve 
is also critical in determining the outcomes 
of coevolution between hosts and patho-
gens with regard to resistance and infectivi-
ty.
 �e dependency of trade-o�s on 
environmental conditions also needs to be 
considered. Intriguingly, research on micro-
sporidians in mosquitoes has shown that 
the factors in�uencing selection on vertical 
versus horizontal transmission include food 
availability and whether the parasites are 
embedded in co-infections. Long-term 
environmental changes in SO2 levels, by 
a�ecting the likelihood of infection via 

leaves, has been posited as the cause of shifts 
between leaf-to-leaf (horizontal) and seed 
(vertical) transmission of the fungal patho-
gen of wheat, Phaeosphaeria nodorum. [37, 
Rank 4]

 Without treatment with HIV medi-
cines, HIV infection advances in stages, get-
ting worse over time. �e three stages of 
HIV infection are
(1) Acute HIV infection or syndrome 
(2) Chronic HIV infection and 
(3) Acquired Immunode�ciency Syn-
drome (AIDS). (as shown in Graph 1)

Pathogenesis of HIV/ AIDS

Graph 1: HIV Course of Infection
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lines. �ose growing in macrophages gener-
ally did not induce cytopathology or multi-
nucleated syncytial cell formation; those 
growing in T-cell lines were                          
syncytium-inducing (SI) viruses.
 After binding to CD4, uses second-
ary cellular receptors for attachment to 
and subsequent entry into cells. �ese 
virus co-receptors are important binding 
sites for chemokines that recruit immune 
cells to the location of their secretion. In 
high concentration, these chemokines can 
compete for virus attachment to the 
chemokine receptor. �e NSI (Non-syncyt-
ium-inducing) viruses primarily use the 
CCR5 receptor and are known as R5 
(M-tropic) viruses; the T-cell line viruses 
use the CXCR4 receptors and are known as 
X4 (T-tropic) (X4) or viruses. Some HIV 
isolates can use both receptors and are 
called dual/tropic or R5/X4 viruses. Gener-
ally, during acute virus infection, an R5 
virus emerges as the dominant type and 
over time, in many cases, becomes dual/-
tropic. Later, in about half of the cases, an 
X4 or more cytopathic strain emerges. �e 
X4 viruses are associated with a more rapid 
progression to AIDS.
 Recognition of the co-receptors for 
binding sites of HIV has led to various 
approaches to block this interaction 
through speci�c drugs. Maraviroc pre-
vents HIV infection via CCR5 (chemokine 

 One of the �rst observations made 
in the evaluation of various HIV isolates 
was the viral heterogeneity involved with 
the ability to infect and replicate in pri-
mary CD4+ T-lymphocytes and mac-
rophages. 
 Moreover, whereas all viruses could 
grow in most primary CD4+ T-cells, di�er-
ences were appreciated when HIV isolates 
were added to primary macrophages or to 
established CD4+ T-cell lines. Some grew 
well in macrophages and others in the T-cell 

genital tract to generate local foci of infec-
tion or even sustained, autonomous virus 
replication which would lead to clonal am-
pli�cation or full compartmentalization of 
virus in the genital tract. Studies of the male 
genital tract in macaques and humans 
indeed demonstrated that SIV and HIV-1 
can replicate in leukocytes within the testes, 
epididymis, prostate and seminal vesicles 
during all stages of infection. 
 �ese leukocytes, mainly T lympho-
cytes and to a lesser extent macrophages, are 
localized in the stroma and secretory epithe-
lium of these organs. Infection of these cells 
could lead to the release of free viral parti-
cles and infected cells in the lumen and thus 
in the seminal plasma during ejaculation. 
Prostate and seminal vesicles are likely the 
main source of cell-free HIV-1 in semen, as 
they display higher levels of infection than 
the epididymis and the testes. �is is sup-
ported by the fact that vasectomy has little 
or no e�ect on seminal viral loads.
 �e genital �uid includes semen in 
males and cervical vaginal �uid in females. 
Genital �uids are known to contain pro-
teins that can enhance or reduce the viral 
infectivity. In semen for example, a 
well-known enhancer of viral infectivity is 
the semen-derived enhancer of virus infec-
tivity (SEVI). SEVI is made up of peptides 
found in semen that aggregate into amyloid 

Figure 9: Pathogenesis of HIV
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lines. �ose growing in macrophages gener-
ally did not induce cytopathology or multi-
nucleated syncytial cell formation; those 
growing in T-cell lines were                          
syncytium-inducing (SI) viruses.
 After binding to CD4, uses second-
ary cellular receptors for attachment to 
and subsequent entry into cells. �ese 
virus co-receptors are important binding 
sites for chemokines that recruit immune 
cells to the location of their secretion. In 
high concentration, these chemokines can 
compete for virus attachment to the 
chemokine receptor. �e NSI (Non-syncyt-
ium-inducing) viruses primarily use the 
CCR5 receptor and are known as R5 
(M-tropic) viruses; the T-cell line viruses 
use the CXCR4 receptors and are known as 
X4 (T-tropic) (X4) or viruses. Some HIV 
isolates can use both receptors and are 
called dual/tropic or R5/X4 viruses. Gener-
ally, during acute virus infection, an R5 
virus emerges as the dominant type and 
over time, in many cases, becomes dual/-
tropic. Later, in about half of the cases, an 
X4 or more cytopathic strain emerges. �e 
X4 viruses are associated with a more rapid 
progression to AIDS.
 Recognition of the co-receptors for 
binding sites of HIV has led to various 
approaches to block this interaction 
through speci�c drugs. Maraviroc pre-
vents HIV infection via CCR5 (chemokine 

receptor type 5); other drugs in develop-
ment target CXCR4 (chemokine receptor 
type 4). �e therapies directed at CCR5 
were not considered to be detrimental to 
the immune system, because about 1% of 
the human population lack CCR 5 expres-
sion (CCR 5) and have no obvious immune 
abnormalities. �ese individuals are much 
less likely to be infected by HIV unless they 
encounter an X4 virus. However, these 
CCR5-negative people have been shown to 
have a greater chance to develop severe 
disease from West Nile virus. It is less cer-
tain what a drug against CXCR4 would do 
to compromise the immune system. Con-
ceivably, it could lead to the emergence of 
HIV strains that use other co-receptors. 
Currently, there are at least 9 chemokine 
co-receptors that can be used by HIV for 
attachment to various cells of the body.
 �is heterogeneity of HIV, which is 
evident biologically, can also be appreciated 
genetically. �e 2 types of HIV, HIV-1 and 
HIV-2, exist and di�er by about 40%. In 
addition, based on genetic variations, 3 
groups of HIV-1, di�ering by about 30% 
(M, N, and O) have been identi�ed, and 8 
groups of HIV-2 have been recognized 
(A-H), for which A and B are the most 
common HIV-2 groups in circulation. 
 �is viral heterogeneity can also be 
appreciated in the change in HIV proper-
ties over time in the same individual. Early 

viruses, as noted above, are usually the R5 
type, which grow slowly to low titer in 
CD4+ T-cell cultures. �en, when the indi-
vidual develops symptoms or AIDS, a 
related X4 virus emerges, which replicates 
rapidly to high titer in culture and is cyto-
pathic. �is virus can then lead to AIDS 
much more quickly than R5 viruses, 
although R5 viruses have also been associat-
ed with 50% of AIDS cases. [5, Rank 3]
 Another noteworthy �nding is that 
when viruses are isolated from di�erent 
tissues of the same individual, variations 
in their biological property can be found. 
For example, a virus coming from the blood 
may have the ability to infect peripheral 
blood mononuclear cells (PBMC) and to 
down-modulate CD4 expression, whereas 
those from the brain can be quite infectious 
for macrophages and not a�ect CD4 
expression. �is observation indicates that 
the same virus transmitted to an individual 
can, through multiple replicative cycles, 
become selected in various tissues as a virus 
related to the transmitted virus but having 
di�erent biologic properties. It may be 
responsible for the pathology observed in 
the infected tissue.
 Importantly, when more than one 
virus infects the same cell (perhaps at the 
same time, when the CD4 receptor has not 
yet been down-modulated), interactions 
between the 2 RNA strands of each virus 

�brils and are capable of enhancing virus 
attachment to target cells and increase 
infectivity by up to 400,000-fold using a 
mechanism that involves cationic charges 
of the �brils.  
 Looking at pre-infection in women, 
in�ammatory cytokines have been shown 
to enhance HIV-1 acquisition. Further-
more, it has also recently been shown that 
high levels of in�ammation may select for 
transmission of viruses that are less infec-
tious. �ese e�ects likely re�ect an impact 
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can take place. Recombination can then 
occur. �ese recombinant viruses contain 
genetic information from 2 or 3 di�erent 
viruses. Some may have genetic regions 
from up to 7 di�erent subtypes. �is obser-
vation has suggested that, over time, recom-
binant viruses will become more common 
and may take on di�erent biologic proper-
ties, including  resistance to anti-viral drugs 
or ability to infect many cell types. For this 
reason, recombination among HIV strains 
represents a newly emerging challenge in 
HIV pathogenesis.

 �e very diverse transmission modes 
that occur in closely related pathogen spe-
cies suggests that the evolution of new 
transmission modes is ongoing and likely 
commonplace in nature. For example, 
many closely related strains of sexually 
transmitted diseases have both sexual and 
non-sexual transmission. However, it is 
often not clear if transitions to a given 
transmission mode are simply the product 
of the host ecology and unrelated to genetic 
change. [40, Rank 3]
 Within 2 days after transmission, 
the HIV isolate, often a single strain, 
enters the bloodstream and can infect a 
variety of di�erent tissues depending on 
its di�erent biologic properties. �e 

number of cell types reported to be suscep-
tible to infection is quite large and 
includes cells of the brain, the GI tract, 
and the kidney, and as well as oral kerati-
nocytes and epithelial cells.
 �is infection of di�erent cells 
occurs not only with the free virus, but 
importantly also with virus-infected cells. 
�e latter results during the replicative 
cycle when HIV integrates its proviral 
DNA into the chromosome of the cell. 
�ese cells, present in blood and genital 
�uids, can be a major source of transmis-
sion by interacting with cells of the 
immune system and mucosal tissues in the 
body. 
 When infected cells interact with 
mucosal cells, HIV can be transferred 
readily to the individual. Such virus-in-
fected cells can be found at levels of 
50,000 cells in some genital �uids, and 
the e�ciency for infected cells to transmit 
the virus is often better than that of the 
free virus. Moreover, by time-lapse pho-
tography, virus-infected cells have been 
shown to transfer HIV to many di�erent 
cultured cervical or rectal epithelial cells. 
�ese same cells are often resistant to 
direct infection by HIV. Infection most 
likely occurs by cell-to-cell contact.
 HIV transmission via the oral 
cavity occurs rarely. �e amount of infec-
tious virus in the saliva is quite low, and 

 �e disseminated infection seemed to 
be derived from a single variant in 40–80% 
of the transmissions of new infections that 
were analyzed. In an analysis that combined 
data from 5 di�erent studies, only one 
transmitted/founder virus was detectable in 
21 of 32 (66%) recent intravenous drug 
use-associated HIV-1 infections. In aggre-
gate, this is not di�erent from the rate of 
infections traced to a single transmitted/-
founder virus following sexual transmission. 
�is strongly suggests that a substantial bot-
tleneck at or near transmission exists during 
IVDU-associated transmission, in which 
there is no mucosal barrier to transmission.

Indicators of HIV/AIDS
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virus-infected cells are not commonly 
found. �is lack of infection can also be 
re�ected by the large number of anti-viral 
substances found in saliva. �ey can block 
virus infection by both cells and free virus. 
[15, Rank 3]
 With this heterogeneity of HIV 
isolates and the ability of the virus to be 
transmitted readily through the mucosae 
and the blood, the existence of individuals 
who have survived a long time with the 
infection (> 10 yrs) without showing signs 
of the disease and without therapy is note-
worthy. Among these long-term survivors 
(LTS) or long-term non-progressors, a sub-
group, now termed ‘elite controllers’, has 
been identi�ed. �ese people, for at least 2 
and some for over 10 yrs, have not shown 
the presence of any virus in the plasma, 
although they remain infected. �ese indi-
viduals re�ect optimal control of HIV 
among long-term survivors and probably 
possess the same processes of immune 
resistance as LTS, but their responses are 
more e�ective.
 �e anti-HIV immune activity of 
infected individuals is mediated by the 
innate or natural immune system and the 
adaptive or acquired immune system. Up 
until recently, the adaptive immune system 
was given most of the attention by the HIV 
scienti�c community. �e role of the innate 
immune system, however, has now received 

a greater appreciation. Cells of the innate 
immune system include NK cells, NKT 
cells, plasmacytoid dendritic cells (PDC), 
and γδ T-cells. Circulating soluble factors 
are part of this system and include comple-
ment and mannose-binding lectin that can 
attach to HIV directly and inactivate it. �e 
B- and T-lymphocytes are the most active 
components of the adaptive immunity. In 
both the innate and adaptive immune 
systems, dendritic cells and macrophages, 
as antigen-presenting cells, can play an 
important role. In a comparison of both 
immune systems, a key di�erence is that the 
innate immune system has a rapid immune 
response (from minutes to days), whereas 
the adaptive immune system takes days to 
weeks. Innate immunity does not need to 
be antigen-speci�c, but responds more to 
conformational structures. It can therefore 
interact quickly against viruses and bacteria 
as pathogens without recognizing a speci�c 
component of a virus or bacterium. �e 
adaptive immune system is much more 
antigen-speci�c. Both immune systems 
have been conserved through evolution. 
Evidence suggests that the adaptive 
immune system evolved from the innate 
immune system, probably about 450 mil-
lion years ago, when the shark developed a 
mandible. At that time, a transposon 
appears to have entered a primitive immu-
nocyte and established the process of gene 
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including reduced viral load and protection 
from disease progression. A third study 
showed no protection; however, the 
sham-depleted controls did not develop 
detectable neutralizing response against the 
challenge virus or these responses were 
severely delayed. In all cases, interpretation 
was complicated by the fact that complete 
depletions seem to be rarely achieved in ma-
caques. In any event, it seems clear that any 
protective e�ect of antibody is dwarfed by a 
substantial protective e�ect of CD8+ T cell 
responses. Depletion of B cells in African 
green monkeys had no e�ect upon drops in 
CD4+T cells or (generally rare) progression 
to disease. However, even CD8+ T cell 
depletion has little e�ect, despite over-
whelming evidence for their importance in 
human HIV-1 infection. �is, along with 
the rarity of progression to disease and 
di�erent dynamics of infection in SIV-in-
fected African green monkeys calls into 
question to what extent they are a useful 
model for HIV-1 infection in humans. 
Interestingly, in human HIV-1 infection, B 
cell depletion of an individual resulted in 
the temporary appearance of a neutraliza-
tion-sensitive variant associated with a 
higher viral load set point, suggesting a role 
for antibody in protection of humans.
 Nonetheless, it is clear that presuma-
bly higher antibody pressure from more 
broadly neutralizing antibody responses 

re-arrangement, leading to the variations in 
T-cell receptors and B-cell antibodies.
 In brief, when the innate immune 
system encounters a pathogen, it rapidly 
secretes cytokines that can have direct anti-
microbial activities (e.g., interferons) or 
play a role in increasing both NK (an innate 
immune cell) and adaptive T-cell responses. 
�e latter activity involves increasing MHC 
expression and enhancing T-lymphocyte 
functions. [77, Rank 5]

 Autologous neutralizing antibodies 
are usually detectable only after the �rst 
few months of HIV-1 infection. Nonethe-
less, there is evidence that antibody-based 
selection sometimes exerts selective e�ects 
soon after transmission and before the neu-
tralizing antibodies was detectable by pseu-
dovirus-based assays. �e selective pressure 
of antibody persists for years in the chronic 
phase of HIV-1 infection. Escape and pro-
duction of new antibodies, from which the 
virus escapes again, occurs in iterative 
cycles. �ese cycles are also observed in 
experimental macaque models of HIV-1 
infection.
 Evidence from B cell depleted ma-
caques suggests that the constant antibody 
pressure gives some protection to the host, 

Understanding patterns of 
 HIV Transmission 
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sumably higher than normally achieved 
during natural infection.

does not result in protection from HIV-1 
disease. Time to disease progression was no 
longer in individuals with more broadly 
neutralizing antibody responses. Clearly, 
the levels and breadth of neutralizing anti-
bodies achieved in human populations was 
not su�cient to force selection of HIV-1 
variants that were less �t or otherwise less 
able to induce disease. �ere is some 
evidence that such breadth and potency is 
experimentally achievable, although pre-

 As a result of the ethical and logistical 
challenges often faced by researchers work-
ing with incarcerated populations, the ma-
jority of scienti�c investigations into 
HIV/AIDS-related transmission and patho-
genesis risks among prisoners have been 
cross-sectional serosurveys of infection with 
HIV or related conditions, including tuber-
culosis often anonymized and rarely longi-
tudinal (i.e., before, during and after incar-
ceration) or linked to external data sources. 
�ese surveys have consistently identi�ed 
elevated prevalence of infection compared 
to non-incarcerated populations. Mean-
while, observational studies conducted in 
non-correctional settings among groups at 
higher risk of infection with HIV, includ-
ing injection drug users, sex workers, and 
members of sexual/gender minorities, 
have commonly associated incarceration 
with elevated risk of HIV infection in 
both crude and adjusted analyses.
 Recent analyses of the prevalence of 
HIV and related infections in correctional 
populations have con�rmed this pattern. 
Among 2323 individuals entering, residing 
in or exiting the facility during the study 

Figure 10: Signs and symptoms of acute                         
HIV infection

Population at Risk for 
HIV/AIDS



36

® Prevention, Prevalence and Treatment of HIV AIDS

period, 27.4% were living with HIV/AIDS, 
approximately twice the national level, and 
the prevalence of bacteriologically-con-
�rmed TB, at 3900 per 100,000, was 4.5 
times the national average. �e �rst pub-
lished survey of HIV and TB in an African 
prison, the results suggest important linkag-
es between HIV and TB infection in the 
prison and, through prison workers, prison-
ers and ex-prisoners, the local community. 
Similarly, a representative nationwide 
survey of 402 soon-to-be-released prisoners 
found high seroprevalences of both infec-
tious disease, including HIV (19%) and 
untreated substance use disorders, with over 
half screened positive for alcohol use disor-
ders and over one-third reporting use of 
opioids in the 30 days prior to arrest. 
 Many studies among injection drug 
users in varied settings have identi�ed a 
heightened risk of HIV infection associated 
with incarceration, possibly a result of 
higher rates of used syringe sharing within 
correctional facilities. A number of recent 
studies explored the e�ect of incarceration 
on sexual risk among African-Americans, 
who have not only borne among the heavi-
est burden of the HIV/AIDS epidemic in 
the United States, but make up approxi-
mately 40% of those currently incarcerated 
in the United States. Among 1553 black 
men who have sex with men in six US 
cities, 60% reported a lifetime history of 
incarceration. 

Certain behaviours and conditions put 
individuals at greater risk of contracting 
HIV include (as shown in Figure 11) [97, 
Rank 5]

 Voluntary counseling and testing 
(VCT) for HIV infections have long been 
recognized as an important component of 
HIV prevention and treatment pro-
grammes. High levels of testing are prior-
itized in order to seek out undiagnosed 
individuals and link them to care. Since 
large proportions of HIV-positive individ-
uals are unaware of their status, even in 
developed settings with advanced 

Figure 11: Population at risk for HIV

Screening for HIV/AIDS
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HIV/AIDS treatment and care systems 
where HIV tests are mandated to be a regu-
lar part of medical care, there is a clear need 
to increase testing rates, especially among 
populations with a high prevalence of HIV 
infection, such as incarcerated individuals. 
 Due to the special conditions 
imposed by incarceration, in particular that 
they are coercive environments that con-
strain the freedom and privacy of individu-
als, there have long been concerns around 
the legal and ethical implications of HIV 
testing within penal settings. As respect for 
patient autonomy, con�dentiality and 
voluntary consent are fundamental 
aspects of healthcare and human rights, 
many national and international organiza-
tions oppose mandatory or compulsory 
testing of individuals in correctional 
settings, including the World Health Or-
ganization and UNAIDS. In many correc-
tional systems, early policies of compulso-
ry HIV testing among all prisoners have 
been abandoned following legal challeng-
es, the cost of providing HIV/AIDS care, 
and the �nding that they were ine�ective. 
However, mandatory or compulsory testing 
continues in many state prison systems in 
the United States, Russia and some coun-
tries in Asia and the Paci�c.
 In the United States, despite the wide 
variety of correctional settings and laws 
governing their operation, the United States 

Centers for Disease Control and Prevention 
recommends universal voluntary opt-out 
HIV testing for all adults in health-care 
settings, including correctional systems, 
unless prevalence of undiagnosed infection 
has been documented to be less than 0.1%. 
Unfortunately, data on HIV testing within 
correctional systems globally is unavaila-
ble, and the distribution of di�erent test-
ing regimes — including mandatory, 
opt-in, opt-out, testing on demand, and 
none at all — is not known. Further, only 
limited data exists on the actual practice of 
HIV testing within correctional settings, 
almost all from federal, state and local 
prison systems in the United States.
 New �ndings from a multi-centre 
observational study conducted in jails in the 
United States o�ered some evidence of the 
possible results of jail-based voluntary test-
ing and linkage to care initiatives. Based on 
the recognition that 9 million individuals 
are admitted to a jail each year in the 
United States, the initiative collected client 
and program-level data on patterns of HIV 
testing and linkage to care at 20 jails in 10 
communities. For HIV testing, the initia-
tive’s objective was to demonstrate its feasi-
bility within jail settings and identify new 
and previously-detected infections. From 
2007 to 2011, more than 877,000 admis-
sions to the twenty institutions resulted in 
212,464 (24.2%) individuals accepting an 
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HIV test. . In total, 822 newly-diagnosed 
individuals were detected. In a study of a 
subset of these HIV-positive individuals, 
newly-diagnosed individuals were younger 
(34 years versus 41 years), exhibited far 
higher levels of HIV risk behaviours and 
were much less likely to report possessing 
healthcare bene�ts than previously-diag-
nosed individuals. Newly-diagnosed indi-
viduals had a median CD4+ cell count of 
432 cell/ml and less than one-quarter initi-
ated ART prior to release from custody.
 �ese �ndings add to evidence that 
jail-based opt-in or opt-out screening can 
identify previously-undiagnosed individu-
als, often earlier in their disease course. For 
example, an evaluation of a programme of 
rapid HIV testing in three urban jails in 
settings with high HIV prevalence, reported 
that of more than 129,000 admissions over 
the study period, 41,612 (32%) completed 
voluntary rapid testing, resulting in 142 
newly-identi�ed infections. 
 Most notably, a study using blood 
sera collected during a compulsory screen-
ing programme for syphilis infection at 
intake into the state prison system in North 
Carolina found that the HIV prevalence 
among incarcerated individuals was approx-
imately 1.45%. However, only 20 of 
22,134 tests, or 0.09%, were HIV positive 
and previously undiagnosed, although the 
authors reported they did not have access to 

each individual’s entire testing history. 
�us, although voluntary HIV testing may 
be feasible even in busy correctional envi-
ronments with high rates of inmate turno-
ver, and detection of HIV among previous-
ly undiagnosed individuals is of obvious 
medical bene�t to them, this evidence sug-
gests expansion of jail- and prison-based 
HIV testing might not substantially reduce 
the number of individuals unaware of being 
HIV-positive. [4, Rank 4]

 While HIV awareness is improving, 
many communities and individuals still 
face barriers to HIV testing and viral load 
suppression. A systematic review studied a 
complex intervention with its critical com-
ponents designed to improve 
 Rapid voluntary counselling and 
testing (VCT) was studied in health facili-
ty and community based interventions 
and in diverse settings where there is a 
high risk for HIV exposure; such as bath-
houses, STD clinics, inner city ED, tuber-
culosis (TB) programmes and antenatal 
programmes in endemic regions. 
 Until recently, some organisations 
have argued that HIV testing should con-
tinue using the conventional clinic or hos-
pital testing approach. �is is changing 

Recommendations for 
HIV Screening
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and �ndings clearly suggest high-risk popu-
lations bene�t from rapid Viral entered 
�erapy compared with conventional test-
ing, especially in terms of uptake and 
receipt of results. Community based coun-
selling and testing, which also uses a facili-
tated rapid approach with community 
engagement, has received considerable 
WHO and research attention.
 Evidence from a study showed con-
sistency of e�ect across settings, evidence 
for improved uptake in men, no uptake 
di�erence with low education status. �ese 
�ndings were corroborated by the evidence 
from prospective observational studies. �e 
results from study are applicable across a 
variety of settings; for example, among 
at-risk youth, women and hard to reach 
men, repeat testing rates were comparable 

with those found in facilitated testing in 
high-risk men who have sex with men 
population in the USA. Men used 
rapid-testing approaches but that this usage 
was slightly less than women. �is is an 
important �nding because men are usually 
harder to reach for HIV testing and treat-
ment programmes.  
 Rapid Viral entered �erapy has 
emerged as a complex intervention that 
can be used in community settings and 
health facilities in low-income and 
high-income countries. Previous systematic 
reviews have not included rapid voluntary 
counselling and testing studies conducted 
in health facilities, thus leaving rapid Viral 
entered �erapy approach primarily direc-
ted at Community based5 initiatives; for 
example, the WHO HIV guidelines highli-
ghts community-based voluntary counsel-
ling and testing sites, but not rapid volun-
tary counselling and testing for health faci-
lities.
 �e study highlights the importance 
of three key components within a counsel-
ling and testing strategy. Complex interven-
tions include components with varying 
degrees of interaction. Researchers suggest 
ongoing research is needed to improve 
HIV testing and viral load suppression: 
and this should include recognition of 
interacting components within the inter-
vention, the number and di�culty of 

 Epidemiological tracing using genet-
ic markers might seem a particularly useful 
approach to studying transmission mode, 
but while markers can identify the source 
and target of a transmission event, they 
cannot per se pinpoint the transmission 
mode unless combined with other 
approaches. A classic example is the tracing 
of HIV infections to particular healthcare 
workers. However, only by assessing associ-
ated risk factors (e.g. sexual activity of the 
health care workers and patients) was it 
established that many of these HIV infec-
tions were likely to have been blood-borne 
rather than sexually transmitted. 
 Genetic markers are perhaps most 
useful in determining transmission routes 
in multi-host systems. For example, micro-
satellite markers have been used to identify 
possible hosts of Schistosoma japonicum . 
DNA sequencing analysis of mosquito 
blood meals was used to establish which 
bird species were potentially important for 
West Nile virus transmission to humans. 

Figure 12: Components of HIV screening
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behaviours required by those delivering or 
receiving the intervention, the number of 
organisational levels targeted by the inter-
vention, the number and variability of 
outcomes, and the degree of �exibility or 
tailoring of the intervention [10, Rank 3]

in health facilities as well as community 
settings. Community based voluntary 
counselling and testing has received explicit 
attention in the recent WHO- HIV testing 
and treatment guidelines and WHO conso-
lidated guidelines for key populations. �is 
work supports Community based voluntary 
counselling and testing, but also �nds that 
persons at high risk of exposure to HIV 
who use health facilities bene�t from rapid 
voluntary counselling and testing. �is 
�nding is not yet re�ected in the WHO 
Consolidated Guidelines for key popula-
tions. 
 Implementing rapid voluntary 
counselling and testing, with testing com-
ponents tailored for high-risk communi-
ties, could improve health equity through 
earlier HIV diagnosis with possible reten-
tion in viral suppression programmes, 
reduced transmission and  longer lifes-
pans. In high-income countries,   our 
results have particular importance for Abo-
riginal population, persons who inject 
drugs, prison populations, and certain 
migrant and minority populations. Addi-
tionally, routine use of rapid voluntary 
counselling and testing may avoid human 
rights violations among marginalised popu-
lations where testing may occur without 
informed consent and were existing stigma 
may create barriers to testing and treat-
ment. Given the signi�cant heterogeneity 

 HIV testing is an important step of 
the HIV care continuum and a critical com-
ponent of prevention programs throughout 
the  United States (US). Nationally, an esti-
mated 18% of infected persons remain 
undiagnosed. Awareness of HIV infection 
decreases risk-taking behaviors, with ear-
lier initiation of care resulting in decrea-
sed HIV-associated morbidity and morta-
lity. In 2006, the US Centers for Disease 
Control and Prevention (CDC) released 
revised recommendations for routine, 
opt-out HIV screening in healthcare 
settings. Speci�cally, the revised recommen-
dations include screening patients for HIV 
using an opt-out approach, the elimination 
of a separate written consent for HIV 
testing, and optional pre-testing prevention 
counselling.
 Research has shown the bene�t of 
rapid voluntary counselling and testing 
on uptake of HIV testing and receipt of 
results. �is testing approach was e�ective 

have estimated persistence of virus in the 
environment, and thus the relative impor-
tance of airborne versus environmental (fae-
cal–oral) routes. 
 Similarly, experimental studies on 
Foot and mouth disease virus have used 
calves either directly exposed to other 
infected individuals or housed in buildings 
that had previously held infected individu-
als to study direct versus environmental 
transmission. As another example, to deter-
mine whether vertical (congenital) trans-
mission alone was su�cient to maintain 
transmission of Toxoplasma gondii in 
brown rats, Rattus norvegicus, rats were 
trapped from local farms and released into a 
large naturalistic outdoor enclosure in the 
absence of oocysts from the feline de�nitive 
host. Over the subsequent three years, the 
rat population expanded but the seropreva-
lence remained approximately constant, 
showing feline hosts were not essential to 
maintain transmission. Although ento-
mo-pathogenic Rickettsia is generally 
assumed to be vertically transmitted, exper-
imental studies showed a phytophagous 
Rickettsia could be horizontally transmitted 
via the phloem; uninfected white�ies (Bi-
mesa tabaci) physically separated from 
infected white�ies could acquire the infec-
tion by feeding on the same leaf.
 Experimental studies exposing poten-
tial arthropod vectors to pathogens by 

Policies and Practice for 
Screeening
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in the trials, we suggest more research to 
study the components of the rapid volun-
tary counselling and testing and identify 
what works, for whom and in what settings. 
[15, Rank 5] 

di�erent approaches to support and fund 
the expansion of routine testing. Approach 
has involved  considerable funding for the 
distribution of free rapid test kits to local 
implementation sites including clinics, hos-
pitals and community centres. �is is in 
contrast to the approach which has encou-
raged performing venipuncture tests as part 
of routine visits and funding large volumes 
of HIV testing in hospitals and clinics with 
rapid results of standard testing. �is diver-
gence of approaches is re�ected in the grea-
ter total number of rapid tests being utilized 
in disease control and much greater total 
number of venipuncture tests being perfor-
med in Houston.
 Funding sources for testing also 
varied between the two jurisdictions which 
could have implications for the long term 
sustainability and scalability of these testing 
programs. Houston testing organizations 
reported much more third party billing and 
reimbursement from Medicaid, Medicare, 
and private insurance as a primary means to 
support their testing programs. Because of 
this, Houston organizations may be better 
positioned to more quickly adapt and bene-
�t from expanded coverage through the 
A�ordable Care Act (ACA), especially now 
that routine testing is rated a recommended 
service for coverage by the US Public 
Health Services Task Force (USPHSTF). 
However, this strong reliance on third party 

 While several jurisdictions reported 
a high level of provider education on HIV 
testing, many organizations in both cities 
reported opt-in consent approaches and 
pre-test counseling, suggesting the 2006 
CDC recommendations are not being 
followed consistently. 
 �e cause of inconsistency merits 
further research since statutes do not pose a 
substantial barrier in either jurisdiction. 
Previous implementation research has 
shown that this inconsistency may be due 
to 
1) A lack of awareness or misunderstan-
ding of the recommendations,
2) Disagreement with the recommenda-
tions, and/or 
3) Organizational barriers that impede 
application of the recommendations. 
 Both cities may bene�t from further 
research into why organizations continue to 
use both pre- and post-test counseling and 
do not use opt-out testing.
 �e two jurisdictions have taken 

humans selected for CCR5 (CC Chemok-
ine receptor 5) tropic viruses, and that R5 
viruses could be distinguished from CX-
CR4(CC chemokine receptor 4 )tropic 
viruses (X4 viruses) genotypically by amino 
acid signatures primarily in the V3 region 
of Env. But the important question now 
raised was if there were additional genetic 
signatures and corresponding phenotypic 
properties that distinguish transmitted R5 
from others. Put di�erently, is HIV-1 trans-
mission essentially a stochastic process in 
which any reasonably �t R5 virus can be 
transmitted, or are there critical properties 
of viruses that are transmitted that distin-
guish them from the innumerable variants 
that circulate in every chronically infected 
individual? If such signatures and pheno-
types could be identi�ed, they could con-
ceivably represent targets of rational vaccine 
or drug design.
 �e HIV-1 genome encodes two gly-
coproteins (as shown in Figure 6) - the sur-
face subunit gp120 facilitates interactions 
with receptor molecules, while the trans-
membrane subunit gp41 anchors the Env 
(envelope) complex in the viral membrane 
and mediates fusion with the host cell 
membrane. HIV-1 gp120 contains �ve “hy-
pervariable” domains that tolerate sequence 
heterogeneity.

Importance of Consent 
to HIV Testing
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reimbursement does leave these organiza-
tions more vulnerable to reimbursement 
challenges and inadequate reimbursement 
rates that may not cover the total cost of 
testing provision. �e monitoring of HIV 
testing post-ACA and US Public Health 
Services Task Force implementation will 
allow for further exploration of the impact 
of these policies on testing programs.
 Overall, few barriers to testing imple-
mentation were reported by organizations 
in both jurisdictions however, among those 
reported, lack of funding and organizatio-
nal capacity to conduct testing were key 
barriers. Capacity barriers, such as sta� size 
and time were moderate barriers for the sur-
veyed organizations and may have been 
related to lack of funding to support these 
e�orts at the organizational level, par-
ticularly among organizations in disease 
control. Although multiple methods of rou-
tine HIV testing have been promoted in 
DC, there is more reliance on rapid testing, 
which can be more time and labor-intensive 
than venipuncture testing. Time-related 
barriers and competing priorities have been 
extensively reported in literature, but rese-
arch has found that providers cite consent 
and counseling requirements as time-inten-
sive even when statutes have removed these 
barriers in a jurisdiction. 
 Interestingly, despite the generalized 
epidemic and high HIV prevalence, a 

commonly reported barrier included the 
perception that HIV was not a problem 
among the patient population. �is percep-
tion may depend on the age of the popula-
tion being served as a previous survey found 
that almost 40% of providers did not 
perceive HIV to be a problem among those 
50 years of age and older.Patient discomfort 
or refusal for testing was a barrier in both 
cities and has been reported by providers 
elsewhere with clients often refusing due to 
low-perceived risk for HIV, recent testing 
elsewhere, fear of loss, fatalism, con�den-
tiality concerns, and structural barriers. 
 In 2010, New York State enacted a 
statute requiring primary care settings to 
o�er HIV testing to all patients between the 
ages of 13 to 64. Since this law was enacted, 
one study found that only 65% of emer-
gency departments implemented HIV 
testing as required by the law. While chan-
ges to policy guidance at the jurisdictional 
level may increase testing, law alone is not 
the solution. Further increases in testing 
uptake may be realized with policy 
change and implementation at the organ-
izational level, especially in jurisdictions 
with low uptake. Organizational leader-
ship to drive local policy formulation, 
revision, and implementation is critical. 
Other facilitators include organizational 
buy-in from both providers and adminis-
tration, written procedures for HIV 
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testing, provider trainings, and dedicated 
sta� and funding.  
 �e self-reported responses were 
limited to the organizational knowledge, 
perceptions and/or experiences of the 
person completing the survey, thus the 
responses may not accurately re�ect the 
practices or opinions of all providers or sta� 
members. �e di�ering routes of survey 
administration may have also led to 
variances in social desirability or compre-
hension of the survey questions. In addi-
tion, social desirability may have biased the 
results, especially in reporting of testing 
barriers. Furthermore, ability to statistically 
analyse barrier data was limited as many of 
the barriers received low rankings. Finally, 
generalizability of these �ndings may be 
limited, particularly in jurisdictions that 
have statutes in con�ict with the 2006 
CDC recommendations. Results presented 
herein may be useful to such jurisdictions 
after their statutes transition.
 �e range of approaches was approp-
riate given the distinct context of the epide-
mic in each jurisdiction. Reported imple-
mentation practices, such as types of tests 
used and the funding mechanisms most 
often used to pay for HIV testing, highlight 
this variation. Regardless of di�erent imple-
mentation approaches, results suggest many 
organizations in at least two high burden 

jurisdictions have not aligned with all 
aspects of national testing recommenda-
tions. 
 Research has shown that neither 
awareness of CDC guidelines nor juris-
dictional policy change alone fully scales 
up testing to the levels recommended in 
the 2006 guidelines. It is likely that a mul-
ti-faceted approach is needed that 
includes awareness campaigns, policy 
change, and reduction of jurisdictional 
and organizational-speci�c barriers. Few 
multi-faceted approaches have been rigor-
ously evaluated to determine if they can 
widely span multiple jurisdictions with 
diverse epidemics, policy, and resources. 
Further implementation research and disse-
mination of implementation research 
�ndings is critical to the expansion of routi-
ne HIV testing and early diagnosis of HIV 
infection. [22, Rank 4]

 Diagnosis could be a�ected by cer-
tain pathophysiological factors and deve-
lopment of antibodies. (as shown in Figure 
13)

10 subtype C transmission pairs. With non- 
Single  Genome Analysis methods,   it is 
found out             comparing Envs    from 
subtype A HIV-1 acutely infected sex work-
ers to a database of matched chronic virus 
sequences and 13 subtype D and A trans-
mission pairs. Interestingly, such di�erences 
in acute versus chronic Envs were not seen 
in studies of recently transmitted subtype B 
HIV-1 heterosexual or men having sex with 
men infections, suggesting that subtype 
di�erences in the virus or maturity of the 
epidemics may in�uence the contribution 
of such a phenotype to HIV-1 transmission.
 Most recently, researchers compared 
over 7000 SGA-derived env gp160 
sequences from 275 acutely or chronically 
infected subtype B subjects and observed 
statistically robust signatures comprising 
single amino acids, glycosylation motifs, 
and multisite patterns of clustered amino 
acids. �ese included signatures near the 
CCR5 (CC chemokine coreceptor) binding 
surface, near the CD4-binding site, in the 
cytoplasmic domain of gp41, and in the 
signal peptide. �e motif with highest sta-
tistical signi�cance was at amino acid 
position 12 in the signal peptide, which 
may a�ect Env  expression and incorpora-
tion of Env into virions. �e second most 
signi�cant signature was at amino acid posi-
tion 413–415, which a�ected a glycan 
involved in escape from antibody neutrali-

zation. How these changes might a�ect 
HIV-1 transmission is currently unknown.
 Transmitted HIV-1 genomes were 
also analysed for distinguishing properties 
by phenotypic characterization. It has been 
di�cult to link sequence di�erences 
observed between chronic and acute Envs, 
even within transmission pairs, to a distinct 
phenotypic property that might in�uence 
transmission other than CCR5 tropism. In 
an analysis of Zambian subtype C transmis-
sion pairs, it was found that Envs from the 
newly transmitted viruses retained sensi-
tivity to neutralization by the partner’s 
antibodies and in fact were more sensitive 
on average than Env variants derived 
from the transmitting partner. �is char-
acteristic coupled with shorter variable 
loops in early viruses led to the hypothesis 
that transmissibility was linked to loss of 
Env modi�cations required for neutraliza-
tion resistance in the chronically infected 
host but dispensable in the immunological-
ly naïve partner. 
 Despite this, the acute Envs were not 
generally more sensitive to neutralization by 
either pooled HIV-1–positive sera or to a 
majority of broadly neutralizing antibodies. 
Moreover, the acute and chronic Envs had 
similar requirements for high CD4 and 
CCR5(CC Chemokine receptor 5)  levels 
on target cells and they showed comparable 
utilization of CCR5 chimeric proteins 

Diagnostic Evaluation 
of HIV
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 Several types of serological assays 
have recently been developed and new bio-
markers continue to be found. �ese assays 
can di�erentiate between recently acquired 
and long-term infections based on certain 
markers (as shown in Figure 14)

 Infected individuals are classi�ed 
as either recently or long-term infected if 
they fall above or below a well-de�ned 
threshold. Serological assays have been 
reviewed extensively. [10, Rank 5]

Figure 13: Physiological factors a�ecting Diagnosis of HIV

Figure 15: Serological assays for HIV

Figure 14: Elements analysed in Serological tests for HIV

Serological Tests
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 �e Less Sensitive Enzyme Immuno-
assays (LS-EIA), also known as the 
detuned assay, was one of the �rst serologi-
cal assays to identify HIV infection recency. 
�is assay is based on the gradual increase 
in HIV-1 antibodies over time after 
sero-conversion. �e underlying assump-
tion is that recently infected individuals will 
have lower levels of HIV-1 antibodies com-
pared to those with established infections. 
In this approach, specimens are serially 
tested with an enzyme immune-assay (EIA) 
that is diluted. A recent infection is identi-
�ed when a specimen tests positive with a 
less diluted EIA but negative with a less sen-
sitive enzyme immune-assay.
 Commercial assays include the 
Abbott HAVAB (3A11 ELISA) and Avioq 
HIV-1 microelisa. �e 3A11 ELISA is no 
longer available commercially. �ese assays 
have been produced with antigens from 
subtype B, which is the most common HIV 
strain circulating in the USA and Europe. A 
number of studies have tried to evaluate 
these assays in the �eld with non-subtype B 
viruses. However, non-B subtypes produced 
antibodies with reduced binding a�nities, 
leading to an increase in the false-recency 
rate. �e LS-EIA assays are a potentially 
cost-e�ective and quick method to 

implement. However, they have to be 
adapted to di�erent subtypes and evaluated 
on a larger scale across various geographical 
regions.

 Another frequently used serological 
assay is the BED capture enzyme immuno-
assay. �e BED assay estimates the pro-
portion of HIV-1 speci�c IgG to the total 
IgG. Recent HIV infection is identi�ed 
when the HIV speci�c IgG is lower than the 
total IgG. �e assay uses peptides from 
immunodominant regions of gp41 glyco-
protein of three di�erent HIV-1 strains (as 
shown in Figure 16). CRF is Circulating 
recombinant forms.

 �e use of three di�erent strains 
allows the detection of recently infected 
individuals with di�erent HIV-1 subtypes. 

LS-EIA (Less Sensitive 
Enzyme Immunoassays)

BED Assay

Figure 16: HIV strains for BED Assay
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False-recent HIV  infections are more likely 
to be identi�ed in chronically infected indi-
viduals (i.e., individuals in the late stage of 
HIV infection, elite controllers or individu-
als on ART). �e performance of the BED 
assay can be improved by adding covariate 
information from clinical data or by adjust-
ing for the false-recency rate. Its accuracy 
has also been found to vary by geography 
and HIV-1 subtypes. [12, Rank 2]

 Another approach for identifying 
recent HIV infections is to investigate the 
quality of the antibody response. �is can 
be done by measuring its avidity or 
strength of antibody-antigen binding. �e 
Limiting Avidity assay (LAg) was the �rst 
assay to become commercially available to 
measure avidity. LAg measures the anti-
body binding to low concentrations of a 
multi-subtype peptides derived from an 
immunodominant region of gp41. In this 
assay, specimens are incubated with and 
without a chaotropic agent that disrupts 
antibody-antigen interactions. Antibodies 
normally become resistant to disruption 
over the course of the HIV infection. �ose 
with low ratio avidity are indicative of 
recent HIV infection.
 Avidity assays are normally more 
sensitive than the BED or detuned assays. 

Nevertheless, some studies have shown that 
this assay can be a�ected by other patho-
gens, such as Mycobacterium Tuberculo-
sis(TB). In addition, the assay misclassi�es 
samples from individuals on antiretroviral 
therapy with low viral load, and in people 
infected with HIV-1 subtypes D.

 IgG3 is one of the second predomi-
nant subclasses in the antibody response 
towards HIV. IgG3 isotypes to p24 antigen 
are present in early infection and then 
decline. �is makes IgG3 an attractive bio-
marker for the identi�cation of recent HIV 
infections, since high IgG3 levels are associ-
ated with a high HIV-1 viral load. �e 
HIV-1 Bio-Plex assay is one method that 
speci�cally measures the p24-speci�c 
IgG3 responses. Although IgG3 has been 
observed to decline over time, about 

Antibody Avidity Assays

Anti-p24 IgG3

The largest number of HIV infec-

tions has occurred with group M 

HIV-1 strains, which can be further 

subdivided into 9 subtypes or 

clades differing by at least 15%. 

Clade B is the most common virus 

in the United States. It is also 

found in China, but has emerged 

as well as a recombinant between 

clades B and C viruses
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one-third of individuals exhibit relatively 
high IgG3 levels in the late stage of HIV-1 
infection. [15, Rank 5]

 �e Inno-LIA HIV-1/2 assay meas-
ures the increase in antibody-antigen 
reactivity following the seroconversion 
event. �e assay was �rst designed for the 
con�rmation of an HIV diagnosis, and is 
similar to a western blot test. �e emer-
gence of antibodies to various HIV-1 pro-
teins at di�erent time points after serocon-
version is used to characterise the recency of 
infection. �e Inno-LIA assay detects anti-
bodies to recombinant peptides of HIV-1 
(p17, p24, p31, gp41 and gp120) and 
HIV-2 (gp36 and gp105). �e intensity of 
the antibody-antigen bands is scored and 
used to determine the recency of infection. 
 �e Inno-LIA assay is advantageous 
because it can be used to con�rm both an 
HIV diagnoses and a recent HIV infec-
tion. �is assay can therefore signi�cantly 
reduce costs. However, it can only detect a 
recent HIV infection within 36 to 67 days 
of the seroconversion date. �e assay has 
not been evaluated in elite controllers, indi-
viduals receiving antiretroviral therapy and 
in individuals with a late stage of disease or 
AIDS

 Most HIV infections are caused by a 
single transmission (i.e., founder) virus, 
which results in an initial homogenous viral 
population that will diversify over time. 
Upon transmission, the virus is able to 
diversify rapidly within the host due to 
immune response and the fact that HIV-1 
Reverse Transcriptase enzyme is error 
prone. Virus genetic diversity increases in 
an approximately linear fashion for several 
years after infection, reaches a plateau, and 
declines in the late stage of infection. Virus 
diversi�cation in early HIV infection pro-
vides a strong rationale for identifying 
recent HIV infection. Some methods, such 
as the high resolution melting assay 

Inno LIA HIV Assay

Molecular Tests for Recent 
HIV Infection

Figure 17: Molecular tests for HIV
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(HMA), are able to estimate HIV recency 
without the use of a viral genotype. Howev-
er, the majority of molecular methods 
utilize viral sequences. Molecular methods 
that use sequences were developed for pop-
ulation and single-genome or clonal 
sequencing. 

 �e high resolution-melting (HMA) 
assay is one of the simplest molecular meth-
ods. �e assay uses the melting temperature 
of the DNA duplexes from amplicons. 
Multiple regions across the HIV-1 genome 
including gag, pol and env can be used 
without the need to sequence them. HMA 
provides a single numeric score that re�ects 
the level of diversity in the ampli�ed region, 
which increases linearly over the course of 
the HIV infection. �ere is concordance 
between the a High Resolution Melting 
Assay score and viral diversity. �is was 
obtained by next generation sequencing 
(NGS) and Shannon entropy analysis.
 �is assay is a relatively inexpensive 
technology that can be implemented in 
resource-limited settings that do not have 
access to sequencing infrastructure. For 
example, High Resolution Melting Assay 
has been successfully used in clinical trials. 
However, it has been shown to have limita-
tions. For example, the assay is sensitive to 

insertions and deletions, which are 
common features of the HIV genome. An-
other limitation is its inability to distin-
guish between infections caused by single 
and multiple HIV strains. �is assay can be 
adapted to many HIV strains and could 
complement serological assays in 
resource-limited settings.

 �is approach is based on counting 
ambiguous nucleotide positions produced 
during population Sanger sequencing. 
Multiple nucleotides at the same position 
indicate that polymerised chain reaction 
ampli�cation was performed from multiple 
templates and that the patient harbors het-
erogeneous viruses. �e number of ambigu-
ous positions increases as the viral popula-
tion diversity grows over time. For example, 
a linear increase in viral diversity within 
HIV-1 pol is associated with an increase of 
0.2% ambiguous nucleotides per year. A 
signi�cant di�erence in the frequency of 
ambiguous sites has been observed among 
individuals with recent and established 
HIV infections in both HIV-1 subtype B 
and non-subtype B infections.
 A number of di�erent threshold 
values for the ambiguity index have been 
suggested. A threshold of 0.47% performed 

High Resolution Melting Assay
Sequence Ambiguities as a 
Marker of Recent HIV 
Infection
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the best in discriminating recent (≤1 year) 
from established HIV infections. In that 
manuscript, the threshold of 0.47% 
returned a sensitivity of 74.5% and speci�c-
ity of 87.2%. Researchers compared BED 
classi�cation (≤6 months) with the ambigu-
ity index using a threshold of 0.45%, which 
provided a sensitivity and speci�city of 
82.7% and 78.8%, respectively. �ey also 
found that varying the base-calling thresh-
olds had little e�ect on the sensitivity and 
speci�city. However, the two previously 
mentioned studies used di�erent base call-
ing strategies, PCR and sequencing meth-
odologies, which makes it di�cult to com-
pare their results. One further limitation is 
that the BED assay was used as the gold 
standard to identify recent HIV infections. 
�is assay has been shown to have a high 
false-recency rate.
 A limitation of this method is that it 
normally underestimates the number of 
ambiguous positions during Sanger 
sequencing. Another limitation is the 
non-homogenous selective pressure of the 
immune system on HIV genetic regions, 
which makes it di�cult to choose one 
unique threshold. Other limitations include 
the unknown impact of ART, the e�ect of 
low HIV-1 RNA in viremic/elite controllers 
and the reduced number of ambiguous 
positions in the late stage of HIV infection. 
Lastly, HIV infection with multiple viruses 
can attenuate accuracy.

 �e naive Bayes classi�er is based 
on the observation that viral diversity 
increases in an approximately linear fash-
ion over the course of HIV infection. �is 
method makes use of available clinical 
markers such as CD4+ cell counts over the 
course of HIV infection and any concurrent 
AIDS associated diagnosis. Individuals are 
classi�ed into one of four di�erent stages of 
HIV infection. �e �rst stage limits HIV 
infection to within one year, with two inter-
mediate stages that include chronically 
infected individuals, and a fourth stage 
which corresponds to AIDS (as de�ned by a 
CD4+ < 200 copies/mL). A standard 
Bayesian model can be �tted to estimate 
the probability of an individual being in 
one of the four stages conditional on the 
frequency of ambiguous sites in the HIV-1 
pol gene, the CD4+ cell count and a con-
current AIDS diagnosis. �e naïve Bayes 
classi�er was designed to have a high posi-
tive predictive value for identifying true 
recent HIV infections.
 �is method was successfully used to 
estimate the proportion of individuals at 
di�erent stages of HIV infection in a large 
sequence cohort of HIV-1 subtype B infect-
ed men who have sex with men in the De-
troit metropolitan area. �e study utilized 
HIV-1 sequences available through a 

Naive Bayes Classi�ers
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routine drug resistance-screening program 
coupled with available clinical data to esti-
mate prevalence, incidence and timing of 
HIV transmission. �e authors found that 
individuals were eight times as infectious 
during the �rst year of HIV infection as 
compared with individuals who had estab-
lished infections. �ey also found that 42% 
to 46% of the HIV transmissions came 
from individuals who were recently infect-
ed. �is method has a great potential to 
understand how HIV recent infection can 
drive di�erent HIV epidemics. However, it 
needs to be applied and evaluated in di�er-
ent geographic regions and with di�erent 
HIV-1 strains.

based on the tail characteristics of the Ham-
ming distance distribution of HIV-1 env 
sequences. A Hamming distance value that 
divides the lower 10% (Q10) of the HD 
frequency distribution from the upper 90% 
was shown to be able to distinguish a recent 
from an established HIV infection. �e 
Q10 statistic was lower in recent HIV infec-
tions compared to chronic infections, and 
was shown to distinguish whether infec-
tions originated from a single or multiple 
founder strains. �e authors also demon-
strated a high sensitivity (97%) and speci-
�city (100%) when applying the Q10 
statistic.
 �is approach has recently been 
applied to high throughput pyrosequencing 
data and has the potential to be cost-e�ec-
tive for routine surveillance. �e test is  yet 
to be validated in long-term non-progres-
sors, rapid progressors and among 
ART-experienced patients. A further limi-
tation is the potential impact of indels and 
recombination, particularly when using 
variable regions across the HIV-1 genome, 
such as env. �e Hamming distance 
approach also does not take into account 
the nature of the evolutionary events. �e 
assay relies on availability of viral quasispe-
cies and might not be widely used in 
resource-limited settings without routine 
HIV genotyping infrastructure.

 In relation to HIV diversity, HD can 
be used to measure the number of nucleo-
tide di�erences between pairs of sequences. 
When applied to viral quasispecies, Ham-
ming distance can be used to estimate the 
stage of HIV infection. �e Hamming 
distance of recent HIV infections, caused 
by a single founder virus, does not overlap 
with the Hamming distance from estab-
lished HIV infections. However, HDs of 
infections resulting from multiple founder 
viruses can overlap, resulting in a misclassi-
�cation as an established infection.
 Researchers devised a binary classi�-
cation (recent vs. established infection) 

viruses, as noted above, are usually the R5 
type, which grow slowly to low titer in 
CD4+ T-cell cultures. �en, when the indi-
vidual develops symptoms or AIDS, a 
related X4 virus emerges, which replicates 
rapidly to high titer in culture and is cyto-
pathic. �is virus can then lead to AIDS 
much more quickly than R5 viruses, 
although R5 viruses have also been associat-
ed with 50% of AIDS cases. [5, Rank 3]
 Another noteworthy �nding is that 
when viruses are isolated from di�erent 
tissues of the same individual, variations 
in their biological property can be found. 
For example, a virus coming from the blood 
may have the ability to infect peripheral 
blood mononuclear cells (PBMC) and to 
down-modulate CD4 expression, whereas 
those from the brain can be quite infectious 
for macrophages and not a�ect CD4 
expression. �is observation indicates that 
the same virus transmitted to an individual 
can, through multiple replicative cycles, 
become selected in various tissues as a virus 
related to the transmitted virus but having 
di�erent biologic properties. It may be 
responsible for the pathology observed in 
the infected tissue.
 Importantly, when more than one 
virus infects the same cell (perhaps at the 
same time, when the CD4 receptor has not 
yet been down-modulated), interactions 
between the 2 RNA strands of each virus 

Hamming Distances



51

® Prevention, Prevalence and Treatment of HIV AIDS

 A sequence clustering based measure 
(SCBD) of HIV diversity has been pro-
posed. �is method determines HIV infec-
tion recency by using two principles. (as 
shown in Figure 18) �e �rst principle 
involves intra-patient clustering, which is 
de�ned as the closeness of viral quasispecies 
within an individual’s sample. An increase 
in intra-patient HIV diversity is correlated 
with the time since infection. �e second 
principle uses inter-patient HIV diversity, 
which is a measure of the presence of multi-
ple founder viruses within an individual.
 �e algorithm of the Sequence Clus-
tering Based Diversity Measure method �rst 
classi�es an infection as recent if there is a 
low intra-patient diversity. If there is high 
inter-patient diversity, then the SCBD 
method will classify the sample as originat-
ing from a long-term infected individual. 
�e purpose of the method is to reduce the 
misclassi�cation of recent infections by 
using the inter-patient clustering measure. 

 In order to minimize the impact of 
indels on calculated diversity, the authors 
used a pairwise dot matrix alignment, 
which accounts for the nature of evolution-
ary events when calculating pairwise diver-
sity. Researchers proposed Sequence Clus-
tering Based Diversity Measure cut-o� of 
1.0% based on the known evolutionary rate 
of the env gene. �e assay was tested on a 
dataset containing 398 incident and 163 
chronic infection cases. It achieved an over-
all accuracy of 99.3%, with a sensitivity and 
speci�city of 99.5% and 98.8%, respective-
ly. �e method overcomes the limitations of 
using only intra-patient diversity, since 
these do not account for the impact of 
indels and recombination on calculated 
diversity measures. �e application of this 
method could be limited as the generation 

Sequence Clustering Based 
Diversity Measure

The Hamming distance (HD) is a 

number that denotes the differ-

ence between two binary strings 

of equal length, i.e., the number of 

positions at which the corre-

sponding symbols are different

Figure 18: Principles of Sequence Clustering Based 
Diversity Measure
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 Prevention of sexual HIV transmis-
sion has been a priority since the beginning 
of the epidemic. To control the epidemic 
many interventions are necessary as no 
isolated prevention intervention is e�ective 
enough on its own.
 �e most potent intervention to 
reduce sexual transmission of HIV is An-
tiretroviral therapy. Findings of the land-
mark HIV Prevention Trials Network 
(HPTN) 052 trial, revealed that immediate 
ART treatment in serodiscordant couples 
reduced HIV transmission in the uninfect-
ed partner by 96% due to universal viral 
suppression. In a thorough analysis of the 
evolution of vertical versus horizontal trans-
mission, researchers examined the conse-
quences of di�erent forms of the trade-o� 
between vertical and horizontal transmis-
sion. �ey also showed that polymorphism 
in transmission mode was possible if the 
trade-o� was convex but if the trade-o� was 
concave, then mixed-mode transmission of 
one genotype was favoured. E.g. In a situa-
tion where increased horizontal transmis-
sion that increases mortality continues to 
decrease vertical transmission. �eir model 
included competition among the symbionts 
for resources within the host, and this com-
plicates the outcomes, depending on the 

interaction within the host.
 A strong theoretical framework for 
the study of the evolution of vector trans-
mission for prevention was developed in the 
context of epidemiological and genetic 
dynamics of two host systems. Using this 
framework, they identi�ed the forces lead-
ing to a second host acting as an e�ective 
vector, and showed that there was a positive 
feedback between evolution of vector trans-
mission and evolution of virulence. �e 
evolution of transmission mode in relation 
to virulence is important from an applied 
perspective. �us, if highly virulent strains 
can coexist with non-virulent ones, very 
serious health consequences of disease in a 
subset of the population may be due to 
virulent pathogen variants. �is may be less 
desirable than the presence of only one 
strain of intermediate virulence. Research-
ers investigated this in diseases that had 
both environmental and direct host-to-host 
transmission, the worry being that environ-
mentally transmitted genotypes might show 
higher virulence, as their persistence would 
be less compromised by a shortened host 
lifespan. 
 It should be noted that most studies 
have assumed that transmission is under 
‘pathogen control’, that it is genetic varia-
tion in thepathogen rather than in the host 
that is driving the evolution of transmission 
mode, even though the frameworks for 

virus-infected cells are not commonly 
found. �is lack of infection can also be 
re�ected by the large number of anti-viral 
substances found in saliva. �ey can block 
virus infection by both cells and free virus. 
[15, Rank 3]
 With this heterogeneity of HIV 
isolates and the ability of the virus to be 
transmitted readily through the mucosae 
and the blood, the existence of individuals 
who have survived a long time with the 
infection (> 10 yrs) without showing signs 
of the disease and without therapy is note-
worthy. Among these long-term survivors 
(LTS) or long-term non-progressors, a sub-
group, now termed ‘elite controllers’, has 
been identi�ed. �ese people, for at least 2 
and some for over 10 yrs, have not shown 
the presence of any virus in the plasma, 
although they remain infected. �ese indi-
viduals re�ect optimal control of HIV 
among long-term survivors and probably 
possess the same processes of immune 
resistance as LTS, but their responses are 
more e�ective.
 �e anti-HIV immune activity of 
infected individuals is mediated by the 
innate or natural immune system and the 
adaptive or acquired immune system. Up 
until recently, the adaptive immune system 
was given most of the attention by the HIV 
scienti�c community. �e role of the innate 
immune system, however, has now received 

Prevention and Management 
of HIV
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�e number of people with newly acquired 
HIV infection continues to rise, with 2.3 
million new infections worldwide in 2012. 
�ere is a resurgence of the HIV epidemic 
among men who have sex with men (MSM) 
in North America and Western Europe. 
Between 2000 and 2006 there was an 86% 
rise in the annual number of new HIV diag-
noses in this risk group. It is essential for 
HIV prevention e�orts to maintain their 
intensity and that novel ways of preventing 
HIV infection are incorporated into exist-
ing strategies in order to reduce the inci-
dence of HIV infection. [48, Rank 5]

doing otherwise are well established in 
theory. It remains to be  seen whether more 
complex ‘transmission-genetics’ makes 
other coevolutionary scenarios possible, in a 
way analogous to what is seen with genetics 
of resistance and infectivity.
 Di�erent strategies for human 
immunode�ciency virus (HIV) prevention 
including earlier HIV diagnosis and the use 
of antiretroviral therapy (ART) to prevent 
transmission of HIV (treatment as preven-
tion [TasP] and pre- and post-exposure 
prophylaxis [PrEP and PEP]) are of consid-
erable interest. �e Joint United Nations 
Programme on HIV and AIDS (UNAIDS) 
declaration on HIV and AIDS in 2011 con-
�rms that HIV prevention must remain the 
cornerstone of the HIV response. 
 PEP (Post Exposure Prophylaxis) is 
the use of short-term ART to reduce the 
risk of acquisition of HIV infection 
following exposure. It is widely available 
following occupational exposure to HIV 
and has become increasingly available for 
nonoccupational exposure to HIV.
 Prevention interventions that                        
can signi�cantly decrease risk of viral infec-
tion include are as follows. (as shown in 
Figure 19)

 It may take up to 72 hours for HIV 
to be detected in regional lymph nodes, up 
to 5 days to be detected in blood, and about 
8 days to be detected in the cerebrospinal 
�uid. �is o�ers a window of opportunity 

Figure 19: Preventive interventions of HIV

Post Exposure Prophylaxis (PEP)
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to prevent acquisition of HIV infection 
following exposure by inhibiting viral repli-
cation or preventing dissemination of infec-
tion, if ART is started early. 

 Much of the data for PEP e�cacy 
comes from animal models. Data from 
retrospective analyses of PEP for occupa-
tional exposure as well as vertical (moth-
er-to-child) transmission studies add to the 
evidence base for HIV PEP. Based on this 
data, PEPSE (Post-Exposure Prophylaxis 
following Sexual Exposure) is likely to be 
e�ective.

�e greatest protection was achieved with 
the �rst Truvada dose between 22 hours and 
7 days pre-exposure, with the second dose 2 
hours post-exposure.
 Other studies have shown that 28 
days subcutaneous tenofovir administered 
to macaques after intravenous or intravagi-
nal exposure prevented 100% of infections 
if given within 24 or 36 hours, respectively. 
�e proportion of macaques infected 
increased with: 
 1) Longer intervals to tenofovir 
administration (no protection if adminis-
tered 72 hours post-exposure); or 
 2) Decreased duration of treatment. 
One study showed no protection from 
triple PEP after intravenous inoculation 
which may have been due to the inoculum 
size or route of administration. 

 Most animal models have shown 
bene�t of Post-Exposure Prophylaxis in 
terms of preventing HIV acquisition. How-
ever, comparisons between these studies are 
di�cult as they use di�erent retroviruses,in-
ocula volumes, and modes of transmission.  

Evidence for PEP

A recent macaque study of inter-

mittent Pre-exposure prophylaxis 

and Post-Exposure Prophylaxis 

with oral combined tenofovir and 

emtricitabine following rectal 

inocula demonstrated that a 

post-exposure dose was essential 

to prevent infection.

Recent evidence in pregnant 

women who had not received 

antiretroviral therapy suggests 

that dual or triple antiretroviral 

therapy for the neonate is more 

effective than monotherapy in 

preventing mother-to-child 

transmission.

Animal models
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 Studies illustrating a reduction in ver-
tical transmission of HIV with antiretrovi-
ral treatment of pregnant women also sup-
port the e�cacy of Post Exposure Prophy-
laxis. In AIDS Clinical Trials Group 
(ACTG) 076, reduced incidence of HIV 
was observed in neonates given 6 weeks of 
zidovudine within 48 hours of delivery to 
women who had not received any antiretro-
viral therapy prior to delivery. 

 �ere are no prospective randomized 
controlled trials of Post Exposure Prophy-
laxis e�cacy due to the ethics of withhold-
ing a potentially e�cacious treatment and 
the di�culty in recruiting the high number 
of participants that would be required for 
such a study.
 Much of the rationale for Post Expo-
sure Prophylaxis use in humans is derived 
from a case-control study of health care 
workers occupationally exposed to HIV, 
which demonstrated that a 28-day course of 
zidovudine was protective. �is study has 
limitations, including a small number of 
cases; also, cases and controls were derived 
from di�erent countries and data on 
exposure characteristics were collected 

 �ere is a paucity of data regarding 
the e�cacy of PEPSE and no randomized 
controlled trials. An observational Post-Ex-
posure Prophylaxis following Sexual Expo-
sure study undertaken in Brazil among 
MSM (men having sex with men) provided 
with Post-Exposure Prophylaxis for use 
after a high-risk exposure demonstrated 
fewer HIV seroconversions among individ-
uals taking PEPSE compared to those who 
did not; however, the study also found that 
people did not estimate their own risk well. 
When they took Post-Exposure Prophylax-
is, it was e�ective but the overall HIV inci-
dence remained unchanged compared with 
historical rates because they did not access 
Post-Exposure Prophylaxis after other 
high-risk episodes. A recent systematic 
review of PEPSE concluded that it was not 
possible to determine its e�ectiveness due 
to the lack of evidence, although it may be 
cost-e�ective in certain circumstances. [52, 
Rank 2]

retrospectively. To date, there are at least 24 
cases of PEP failure following occupational 
exposure, mostly after the use of zidovudine 
monotherapy. 

period, 27.4% were living with HIV/AIDS, 
approximately twice the national level, and 
the prevalence of bacteriologically-con-
�rmed TB, at 3900 per 100,000, was 4.5 
times the national average. �e �rst pub-
lished survey of HIV and TB in an African 
prison, the results suggest important linkag-
es between HIV and TB infection in the 
prison and, through prison workers, prison-
ers and ex-prisoners, the local community. 
Similarly, a representative nationwide 
survey of 402 soon-to-be-released prisoners 
found high seroprevalences of both infec-
tious disease, including HIV (19%) and 
untreated substance use disorders, with over 
half screened positive for alcohol use disor-
ders and over one-third reporting use of 
opioids in the 30 days prior to arrest. 
 Many studies among injection drug 
users in varied settings have identi�ed a 
heightened risk of HIV infection associated 
with incarceration, possibly a result of 
higher rates of used syringe sharing within 
correctional facilities. A number of recent 
studies explored the e�ect of incarceration 
on sexual risk among African-Americans, 
who have not only borne among the heavi-
est burden of the HIV/AIDS epidemic in 
the United States, but make up approxi-
mately 40% of those currently incarcerated 
in the United States. Among 1553 black 
men who have sex with men in six US 
cities, 60% reported a lifetime history of 
incarceration. 

Vertical transmission

 Occupational exposure to HIV

PEPSE (Post-Exposure Prophy-
laxis following Sexual Exposure)
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 An Australian cohort study estimated 
that the per-contact probability of HIV 
transmission in men having sex with men 
through unprotected receptive anal inter-
course was 1.43% with ejaculation and 
0.65% without ejaculation. �e risk 
through insertive anal intercourse was 
0.62% in uncircumcised men and 0.11% in 
circumcised men. A meta-analysis demon-
strated a per-act risk of unprotected 

 �e decision to initiate Post Exposure 
Prophylaxis should be based upon a 
risk/bene�t analysis weighing up the risk of 
an individual acquiring HIV and the poten-
tial for harm due to Post Exposure Prophy-
laxis. Risk of HIV transmission is greatest 
for blood transfusions, followed by vertical 
exposure, sexual exposures, and other par-
enteral exposures. 
 Sexual exposure accounts for the ma-
jority of HIV infections, with much varia-
bility in the risk of acquiring HIV depend-
ing on the speci�c sexual act. �e risks from 
sexual exposure ranged from low for oral sex 
to 138 infections per 10,000 exposures for 
receptive anal intercourse. Unprotected 
receptive anal intercourse (UPRAI) and 
sharing needles have the highest risk of 
acquiring HIV per exposure. Insertive anal 
intercourse (IAI) and vaginal intercourse 
(receptive and insertive) and oral sex are 
described as having lower per-act risks.

Risk of HIV transmission = risk 

that source is HIV-positive × risk 

of exposure* (*including cofac-

tors such as sexually transmit-

ted infections (STIs), high viral 

load, and bleeding).

Assessment of Risk of HIV 
Transmission

Figure 20: Factors predicting HIV infection

Anal intercourse
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receptive anal intercourse of 1.4%, with no 
signi�cant di�erence between heterosexuals 
and men having sex with men. �ey also 
showed that there was much variability in 
the risks of anal intercourse, and that it may 
increase the risk of transmission even when 
the partner is on antiretroviral therapy.

with insertive oral intercourse. Where the 
HIV status of the source is unknown, it is 
important to consider the local HIV preva-
lence within the relevant risk groups. [56, 
Rank 3]

 A European study estimated the risk 
of receptive vaginal intercourse to be 
0.08%, and insertive vaginal intercourse to 
be 0.04%.�is risk is reduced when the 
partner is on e�ective antiretroviral therapy. 
Caution should be used in using these esti-
mates as heterosexual infectivity is variable 
and thought to be underestimated, and 
cofactors such as genital ulcer disease have a 
signi�cant impact on transmission risks.

 �e HIV status of the source individ-
ual is key to determining the risk of HIV 
acquisition for the person exposed, and 
thereby, whether Post exposure prophylaxis 
is indicated. It is important that active 
attempts are made to determine the HIV 
status and treatment history of the source 
individual. �is is often not possible, par-
ticularly in the cases of sexual assault or 
when casual partners are untraceable. If it is 
not possible to determine the HIV status of 
the source, assumptions about their HIV 
risk must be made based on demographic 
characteristics, which will vary from region 
to region. 
 �e risk of HIV transmission is high-
est in those people who have had blood or 
mucosal exposure to someone who is 
HIV-positive and with a detectable viral 
load. Unprotected receptive anal inter-
course remains the highest sexual risk expo-
sure for HIV acquisition. �e previously 
listed cofactors may in�uence the risk of 
HIV transmission and should be taken into 
account when determining whether an 

Vaginal intercourse

Vaginal intercourse

 �ere has been some observational 
data that HIV can be transmitted through 
oral intercourse, but the risks are di�cult to 
estimate, due to the likelihood of other con-
current sexual risk exposures, and are 
thought to be very low. A study estimated a 
per-act risk of receptive oral intercourse 
with ejaculation at 0.06% with an 
HIV-positive partner or partner of 
unknown status, with no increased risk 

Oral intercourse
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High plasma viral load in the source: 
 �is may be particularly relevant 
during primary HIV infection, which 
accounts for a signi�cant proportion of new 
infections. US guidelines now recommend 
that the risk of HIV transmission and the 
protection conferred by e�ective ART 
should be discussed with HIV-positive 
patients – this is highlighted also as a reason 
to consider starting HIV treatment during 
primary HIV infection. Low or undetecta-
ble plasma viral loads reduce the risk, but 
transmission may still be possible. Viral 
loads in the genital tract usually correlate 
with plasma viral loads, but there can be 
exceptions and viral suppression in the gen-
ital compartment may lag behind plasma. 
�e HIV Prevention Trials Network 
(HPTN) study demonstrated that early 
initiation of antiretroviral therapy results in 
a 96% relative risk reduction of HIV trans-
mission in serodiscordant couples. Results 
of the PARTNERS study presented at the 
Conference on Retroviruses and Opportun-
istic Infections (CROI), showed no HIV 
transmissions to date between serodi�erent 
MSM and heterosexual couples where the-
HIV-positive partner had an undetectable 
 

HIV viral load.
Sexually transmitting infections (STIs): 
 �ere is evidence that STIs enhance 
HIV transmission and increase HIV shed-
ding from the genital tract. �is may not be 
the case in individuals receiving e�ective 
antiretroviral therapy.
Breaches in the mucosal barrier:
�is includes mouth or genital ulcer disease 
and trauma. 
Exposure to blood: 
Menstruation or other bleeding may also 
facilitate transmission.
Ejaculation: 
�e risk of HIV transmission is likely to be 
greater if ejaculation occurs. Among a com-
munity cohort of men having sex with men, 
the risk of HIV acquisition per episode of 
unprotected receptive anal intercourse with 
and without ejaculation was estimated to be 
1.43% and 0.65%, respectively.
Circumcision: 
Circumcision signi�cantly reduces HIV 
acquisition among heterosexual men in 
high prevalence countries. A meta-analysis 
of observational studies among 
male-to-male sex suggests circumcision may 
have little impact upon HIV acquisition, as 
receptive anal intercourse is the key driver 
of transmission. However, there may be 
bene�t for men having sex with men who 
exclusively or almost exclusively practice 
IAI (insertive anal intercourse). An 

individual should receive Post-Exposure 
Prophylaxis following Sexual Exposure.

Other factors



Australian cohort showed a reduction in 
per-act risk of HIV transmission from 
0.62% in uncircumcised male-to-male sex 
to 0.11% in circumcised male-to-male sex. 
Data from observational studies suggest a 
73% relative risk reduction for men who are 
circumcised and practice mainly insertive 
anal intercourse. [63, Rank 4]

 Individuals have acquired HIV 
following both occupational and sexual 
exposures, despite the use of insertive anal 
intercourse. �erefore, PEP is not 100% 
e�ective. Various factors that in�uence PEP 
e�ectiveness (as shown in Figure 21)

 PEP is likely to be ine�ective if 
initiated more than 72 hours after exposure; 
the majority of international guidelines do 
not recommend post exposure prophylaxis 
provision after this time, and other guideli-
nes recommend even shorter window 
periods. New York State guidelines recom-
mend nonoccupational post exposure pro-
phylaxis is given no more than 36 hours 
after exposure. �is discrepancy exists as 
there has have been no prospective trials in 
humans to assess the optimal time for com-
mencement of post exposure prophylaxis 
after an exposure. However, the data from 
animal studies provide strong evidence of 
increasing rates of failure of post exposure 
prophylaxis by 48–72 hours after exposure.
 Another study investigated 28 days of 
tenofovir started at di�erent post-exposure 
intervals in vaginally exposed macaques; 
only one seroconversion in an animal star-
ted on post exposure prophylaxis 72 hours 
post-exposure was found compared to none 
in the 24- and 48-hour post-exposure 
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Factors that In�uence E�cacy 
of post exposure prophylaxis

Figure 21: Factors in�uencing PEP e�ectiveness

Time to starting post expo-
sure prophylaxis(PEP)



 Adherence and completion rates of 4 
weeks of post exposure prophylaxis among 
health care workers and individuals exposed 
nonoccupationally are often poor, which 
may impact upon its e�cacy. Pill burden 
and the side e�ects of treatment may 
in�uence completion rates. Other factors 
such as psychological distress and re-evalua-
tion of risk may also impact post exposure 
prophylaxis completion.
 A recent systematic review of post 
exposure prophylaxis use in victims of 
sexual assault showed poor adherence, with 
better completion rates in developing 
countries. Unmeasured factors such as 
stigma associated with sexual assault may 
play a role in this. However, in a recent me-
ta-analysis of post exposure prophylaxis in 
non-forcible exposure to HIV, taking into 

account those that were lost to follow-up, 
found that 67% of people completed a 
28-day course of post exposure prophylaxis. 
�is was higher in groups that had counse-
ling throughout the course of treatment. 
Psychological and social support is impor-
tant adjuncts to e�ective post exposure pro-
phylaxis services.

 Post exposure prophylaxis e�cacy 
may be compromised if the source has a 
virus that is resistant to one of the agents 
used. �e prevalence of antiretroviral resis-
tance among those with primary HIV 
infection and those chronically infected 
with HIV has plateaued at 8% in the UK 
and Europe, but this is not the case in low- 
and middle-income countries. A me-
ta-analysis has demonstrated a signi�cant 
increase in the prevalence of drug resistance 
over time since antiretroviral rollout in 
regions of Sub-Saharan Africa. If the source 
is known or suspected to have drug resis-
tance, the post exposure prophylaxisregi-
men should be tailored accordingly.
 �ere is evidence that, even with 
optimal viral suppression in the blood, HIV 
can be detected in other tissue compart-
ments. As di�erent antiretroviral agents 
penetrate these compartments to di�erent 
degrees, the choice of drugs used in post 

groups; this was a statistically signi�cant 
�nding.
 Occupational guidelines recommend 
that PEP is commenced as soon as possible 
after the exposure. �e time to initiating 
PEPSE is often longer than for occupatio-
nal exposure. �is may be as a consequence 
of both delays in patients seeking post expo-
sure prophylaxis as well as the provision of 
post exposure prophylaxisby health care 
professionals.
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Adherence to post exposure 
prophylaxis

Drug resistance in the 
source



exposure prophylaxis could in�uence its 
e�cacy. [67, Rank 4]

 Despite concerns that Post-Exposure 
Prophylaxis following Sexual Exposure and 

 �ere are risks of starting post expo-
sure prophylaxis (as shown in Figure 22)

 All ART can cause side e�ects, which 
should be considered carefully and discus-
sed before starting post exposure pro-
phylaxis. Symptoms, such as diarrhea, are 
one of the main reasons for nonadherence 
and discontinuation of PEP. Drug side 
e�ects are discussed further in the section 
describing the various antiretroviral options 
for post exposure prophylaxis

Pre Exposure prophylaxis availability will 
reduce individual commitment to other 
primary prevention strategies, such as 
condoms and behavioral interventions, 
there is little evidence of increased risk 
behavior among individuals with access to 
post exposure prophylaxis, and in a large 
randomized trial of Pre Exposure pro-
phylaxis, there was a reduction in risky 
behavior. �e impact of open-label PrEP 
(Pre Exposure prophylaxis) use upon risk 
compensation has yet to be determined. 
�e availability of Post-Exposure 
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Prophylaxis following Sexual Exposure in 
clinics provides an opportunity to o�er 
health education, health promotion, risk 
reduction strategies, and HIV prevention 
strategies such as Pre Exposure prophylaxis 
to high-risk individuals who may not access 
services otherwise.

 �ere is a potential risk of drug resis-
tance developing in those who fail to comp-
lete post exposure prophylaxis and acquire 
HIV. Poor adherence was a risk for sub-
sequent seroconversion in a retrospective 
analysis of Post-Exposure Prophylaxis 
following Sexual Exposure failures. It is 
likely that adherence and treatment comp-
letion rates will be better with more tolerab-
le post exposure prophylaxis regimens. [70, 
Rank 2]

for treating HIV-positive individuals and 
that late presentation for Post-Exposure 
Prophylaxis and the potential for drug resis-
tance in the source make triple therapy 
likely to be more e�ective than mono- or 
dual-therapy Post-Exposure Prophylaxis.
 A recent study has been the �rst to 
e�ectively demonstrate that a two or three 
drug regimen is more e�ective than mo-
notherapy for non-occupational Post-Expo-
sure Prophylaxis. �is study also showed 
that dual therapy can be as e�ective as triple 
therapy, with no di�erence in e�cacy seen. 
�e cost bene�t of adding in a third drug 
should be considered, but this is a decision 
that needs to be made in the context of the 
individual patient, their risks, and the risk 
of the source. Almost all guidelines advise a 
triple therapy regimen. Expert advice 
should be sought if the source is known or 
suspected to have viral resistance.

 �e choice of drugs to be used for 
post exposure prophylaxis is based on those 
used to treat established HIV infection.
 For HIV therapy, combination drug 
therapy with at least three drugs is more 
e�ective than single drug regimens. Most 
Post-Exposure Prophylaxis following Sexual 
Exposure guidelines recommend three 
drugs for PEPSE based upon the evidence 

 Zidovudine (an NRTI) is the only 
drug to date for which there is evidence of 
reduced HIV transmission risk following 
occupational exposure. Combivir - a �xed 
dose combination of zidovudine and lami-
vudine (another NRTI) was frequently used 
for post exposure prophylaxis - PEP. Com-
bivir is commonly associated with side 
e�ects, particularly gastrointestinal, which 
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may contribute to poor  adherence. �e 
routine use of abacavir is not recommen-
ded. A hypersensitivity reaction is reported 
in up to 8% of patients with established 
infection. 
 Truvada (a �xed dose combination of 
tenofovir disoproxil fumarate [TDF] and 
emtricitabine [FTC]) is better tolerated 
than Combivir with fewer side e�ects, so is 
often a �rst choice post exposure pro-
phylaxis component. Both TDF and FTC 
penetrate the genital tract and rectal tissue 
well in animal models. Truvada has been 
shown to signi�cantly reduce acquisition of 
HIV when used as PrEP (Pre Exposure Pro-
phylaxis) in male to male sex although stu-
dies in heterosexuals are con�icting. 

monly and is currently being evaluated as 
post exposure prophylaxis

 Nevirapine has been associated with 
signi�cant toxicity (particularly hepatic) as 
post exposure prophylaxis and is not recom-
mended. Efavirenz has a lower incidence of 
hepatic and cutaneous toxicity, but as it 
may be associated with signi�cant central 
nervous system disturbance, it is not an 
ideal choice for post exposure prophylaxis. 
Newer NNRTIs, etravirine and rilpivirine, 
are well-tolerated, although rash is common 
on etravirine and there have been case                       
reports of severe rash in HIV-positive indi-
viduals. Rilpivirine causes rash less com. 

 It is likely that post exposure pro-
phylaxis is aborting and inhibiting replica-
tion and dissemination rather than preven-
ting infection and that part of this activity 
will be achieved by rendering new virions 
non-infective. �erefore, although boosted 
protease inhibitor (PI/r) act at a post-integ-
rational stage of the HIV life cycle, they 
should still provide bene�t as post exposure 
prophylaxis.
 Nel�navir, lopinavir/ ritonavir 
(LPV/r), atazanavir/ritonavir (ATV/r), 
and more recently darunavir/ritonavir 
have all been used or evaluated as PEP. 
PIs have been associated with metabolic 
abnormalities as well as gastrointestinal side 
e�ects. Kaletra, a �xed dose combination of 
lopinavir/ritonavir is the recommended 
Protease inhibitor for inclusion with post 
exposure prophylaxis regimens in the US, 
but commonly causes diarrhea. 
 Although newer Protease inhibitors 
have  better gastrointestinal tolerability 
than lopinavir/ritonavir in treatment trials, 
a recent randomized comparison of ataza-
navir/ritonavir versus Kaletra-based post 
exposure prophylaxis, each with Combivir, 
revealed similar and high discontinuation 
rates (36% in each arm) and similar 
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discontinuation rates secondary to PI side 
e�ects (16% due to LPV/r and 17% due to 
ATV/r). An Australian study compared 
Protease inhibitors -based post exposure 
prophylaxis (Combivir plus nel�navir – an 
unboosted Protease inhibitor no longer 
routinely used) with a triple NRTI combi-
nation (tenofovir disoproxil fumarate, lami-
vudine, and stavudine). Although the triple 
Nucleoside Reverse Transcriptase Inhibitors   
regimen was more frequently associated 
with peripheral neuropathy and transami-
nitis, discontinuations were signi�cantly 
less frequent than on Protease inhibitor 
-based post exposure prophylaxis.
 �ere is also an increased risk of 
drug–drug interactions with the use of Pro-
tease inhibitors. A recent post exposure pro-
phylaxis study found that almost half of the 
participants were regularly taking at least 
one prescribed medication. �ese included 
corticosteroids, anticonvulsants, antidep-
ressants, anti-lipids, and antihypertensives, 
which are known to hav post exposure pro-
phylaxis e potential drug interactions with 
Protease inhibitor s. It is important to con-
sider drug–drug interactions with prescri-
bed and nonprescribed drugs, including 
recreational drugs when selecting the best 
post exposure prophylaxis regimen.

 Raltegravir (RAL), an integrase inhi-
bitor, has a favorable tolerability, safety, and 
metabolic pro�le, and is well-tolerated as 
post exposure prophylaxis. It acts before 
viral integration and thus may be more 
e�ective at preventing HIV infection. It has 
fewer side e�ects and fewer drug–drug 
interactions than other classes of antiretro-
viral medications. �e New York State De-
partment of Health recently started using 
Raltegravir, emtricitabine, tenofovir disop-
roxil fumarate as its �rst-line occupational 
and nonoccupational post exposure pro-
phylaxis regimen, and the Center for Disea-
se Control (CDC) now recommends the 
use of Raltegravir for occupational post 
exposure prophylaxis. A recent interventio-
nal study assessed Raltegravir as part of a 
triple drug post exposure prophylaxis regi-
men, including emtricitabine and tenofovir 
disoproxil fumarate, in comparison to emt-
ricitabine and tenofovir disoproxil fumara-
te. Researchers found the Raltegravir regi-
men had a high completion rate, was e�ec-
tive, and avoided potential drug–drug 
interactions. However, there was a small 
risk of acute muscle toxicity. Two other 
INIs, elvitegravir and dolutegravir, have 
been licensed recently. Elvitegravir is cur-
rently being evaluated as post exposure pro-
phylaxis in a study in the US using Stribild; 

 �e use of three di�erent strains 
allows the detection of recently infected 
individuals with di�erent HIV-1 subtypes. 
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however, cobicistat has similar drug–drug 
interactions as ritonavir. 
 Maraviroc (MVC), the only licensed 
CCR5 antagonist, also performs well from 
the perspectives of safety and tolerability. 
HIV can use one of two co-receptors, 
CCR5 (chemokine receptor type 5) or 
CXCR4 (chemokine receptor type 4), to 
enter host cells. Although Maraviroc only 
inhibits chemokine receptor type 5, there is 
evidence that the majority of transmitted 
HIV uses this co-receptor, indicating Mara-
viroc could be a useful post exposure pro-
phylaxis option. Studies investigating Ma-
raviroc as post exposure prophylaxis and Pre 
Exposure Prophylaxis options are ongoing. 
�ere is also evidence that both Raltegravir 
and Maraviroc penetrate the genital tract 
and rectal mucosa well; this may be an 
important consideration for PEP. More data 
is required as to their e�cacy, although, 
consistent with national guidance, many 
centers use Raltegravir for post exposure 
prophylaxis cases where drug–drug interac-
tions or tolerability problems preclude the 
use of lopinavir/ritonavir. Considerations 
include resistance and cost-e�ectiveness.
 �e US British Association for Sexual 
Health and HIV (BASHH) Post-Exposure 
Prophylaxis following Sexual Exposure gui-
delines recommend Truvada and Kaletra for 
28 days but are currently being reviewed. 
�e guidelines also make recommendations 

for alternative agents in the event of 
intolerance, drug–drug interactions, or 
resistance in the source. US guidelines for 
nonoccupational post exposure prophylaxis 
prefer tenofovir disoproxil fumarate, lami-
vudine, and Raltegravir; lopinavir/ritona-
vir; or EFV with 3/ emtricitabine, and list 
several regimens as alternatives. [72, Rank 
2]

 All patients who present for post 
exposure prophylaxis should have evalua-
tion of the following:
 Prophylaxis following Sexual Exposu-
re provides one aspect of a larger HIV pre-
vention strategy and should be provided in 
the context of other preventative measures, 
including promotion of condom use, coun-
selling, and support around behavior modi-
�cation in order to reduce future risk.
 Awareness of post exposure pro-
phylaxis and its availability for both 
clinicians and those who are eligible to 
receive it are crucial to ensure that post 
exposure prophylaxis is used to its full 
potential in any HIV prevention strategy. A 
recent study among an HIV-positive cohort 
in London showed that there was only 50% 
awareness of the availability of PEP overall, 
and 64% in those who had a detectable 
HIV viral load. Data from the CDC 

 Another approach for identifying 
recent HIV infections is to investigate the 
quality of the antibody response. �is can 
be done by measuring its avidity or 
strength of antibody-antigen binding. �e 
Limiting Avidity assay (LAg) was the �rst 
assay to become commercially available to 
measure avidity. LAg measures the anti-
body binding to low concentrations of a 
multi-subtype peptides derived from an 
immunodominant region of gp41. In this 
assay, specimens are incubated with and 
without a chaotropic agent that disrupts 
antibody-antigen interactions. Antibodies 
normally become resistant to disruption 
over the course of the HIV infection. �ose 
with low ratio avidity are indicative of 
recent HIV infection.
 Avidity assays are normally more 
sensitive than the BED or detuned assays. 
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should consider the risk of transmission 
according to exposure and the likelihood of 
the source being HIV-positive as well as the 
potential for harm as a result of Post-Expo-
sure Prophylaxis following Sexual Exposure.
 �e indications for provision of 
Post-Exposure Prophylaxis following Sexual 
Exposure will continue to be debated but 
there will be increasingly more discussion 
about the e�cacy and availability of 
Pre-exposure Prophylaxis. �is could 
potentially provide another tool in the stra-
tegy of HIV prevention, but further 
evidence is required and there are ongoing 
clinical trials to determine the safety and 
e�ectiveness of this strategy among di�e-
rent groups. In the meantime, Post-Exposu-
re Prophylaxis following Sexual Exposure is 
a useful tool in ongoing e�orts to reduce 
the incidence of HIV infection, particularly 
among risk groups. [75, Rank 5]

assessing HIV providers’ prescription of 
Post-Exposure Prophylaxis following Sexual 
Exposure in two US districts for their 
patients were poor, with 59.7% and 39.3% 
having ever prescribed PEPSE. 
 �e decision to start post exposure 
prophylaxis should be made on a 
case-by-case basis, addressing the unique 
risks and bene�ts for each patient. �is 

 Pre-exposure Prophylaxis is another 
drug-based HIV prevention strategy that 
has been shown to decrease the risk of HIV 
acquisition in some trials but not others. 
iPrEx (Pre-exposure Prophylaxis Initiative), 
a trial of oral Truvada as Pre-exposure Pro-
phylaxis in MSM, demonstrated a 44% 
reduction in HIV incidence in MSM who 
were taking Pre-exposure prophylaxis 
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compared to control subjects. �e study 
demonstrated that those who were adhe-
rent, based on measured drug levels, had a 
greater risk reduction, and therefore greater 
e�cacy of Pre-exposure Prophylaxis if used 
as it is prescribed. However, consideration 
to the cost, feasibility, and the potential for 
risk compensation behaviors needs to be 
given. 
 Treatment as Prevention (TasP) 
utilizes the fact that suppressed plasma vire-
mia is strongly correlated with a signi�cant 
reduction in HIV infectiousness. �is has 
been shown to be highly e�ective at an indi-
vidual level: the HPTN 052 trial demonst-
rated a signi�cant (96%) reduction in 
linked HIV transmissions among the coup-
les where the HIV-positive partner was 
randomized to immediate, as compared to 
deferred, ART. Data on whether e�ective 
HIV therapy and the consequent fall in 
“community viral load” reduces HIV inci-
dence, have been con�icting. �is is likely 
to result from the disproportionate number 
of new HIV infections arising from indivi-
duals with undiagnosed or primary HIV in 
some epidemics. It is likely that we will 
need to focus on several factors to reduce 
new HIV infections, including: reducing 
the burden of undiagnosed HIV infection, 
educating patients and clinicians to recog-
nize the symptoms of primary HIV, and 
starting ART in those who wish to in order 

to reduce the risk of them transmitting to 
partners.
 PrEP means Pre-Exposure Pro-
phylaxis, and it’s the use of anti-HIV me-
dications to keep HIV negative people from 
becoming infected. PrEP is approved by the 
Food and Drug Administartion and has 
been shown to be safe and e�ective at pre-
venting HIV infection. Even though 
Pre-exposure prophylaxis has been around 
in the U.S. since 2012, a lot of people still 
are looking to learn about it. And, even 
fewer people feel like they know enough 
about it to be able to make an informed 
decision about whether or not to use it. For 
people using Pre-exposure prophylaxis, 
can’t really feel or see Pre-exposure pro-
phylaxis working when use it. Pre-exposure 
prophylaxis (PrEP) is a new HIV preven-
tion approach where HIV-negative indivi-
duals use anti-HIV medications to reduce 
their risk of becoming infected if they are 
exposed to the virus. It is an additional tool 
for people to consider in the HIV preven-
tion toolbox. Pre-exposure prophylaxis 
trials have happened or are happening in 
Africa, Asia, South America, and North 
America. �ey include di�erent people who 
may be exposed to HIV through unprotec-
ted anal and vaginal sex and sharing injec-
tion needles. 

67

® Prevention, Prevalence and Treatment of HIV AIDS



 Increasingly, the place of exposure 
prophylaxis lies within a wider combination 
of prevention strategies, which include bio-
medical, structural, and behavioral inter-
ventions to prevent HIV infection and add-
ress the interacting causes of HIV risk and 
vulnerability. �ese should be tailored to 
the local needs of the population and inclu-
de Post exposure prophylaxis, Pre-exposure 
Prophylaxis, TasP (treatment as preven-
tion), and risk behavioral interventions 
such as condom use. HIV prevention and 
treatment strategies are interdependent. 
�e failure to focus on those with the grea-
test risk, to focus resources on primary 
transmission of HIV, and a lack of structu-
ral interventions that focus on the causes of 
vulnerability has already led to rising rates 
of HIV infection and will likely continue to 
do so.
 Falling rates of HIV infection have 
been linked to changes in behavioral and 
societal norms. However, there are still two 
new infections for every person who is star-
ted on HIV treatment. PEP is an important 
component of prevention strategies, and its 
role as a public health strategy will evolve as 
other prevention measures such as 
Pre-exposure Prophylaxis and Treatment as 

Prevention become more widely available. 
As long as individuals continue to be expo-
sed to HIV, there will be a role for timely 
PEP. [72, Rank 4]
 Worldwide, 33.4 million people are 
now living with human immunode�ciency 
virus (HIV). About 2.7 million people were 
newly infected with the virus in 2008. �e 
total number of people living with HIV in 
2008 was more than 20% higher than the 
number in 2000, and the prevalence was 
roughly threefold higher than in 1990. 
During the late 1990s, after the introduc-
tion of combination antiretroviral therapy, 
the numbers of new acquired immunode-
�ciency syndrome (AIDS) cases and deaths 
among adults and adolescents declined 
substantially. In the United States, the Cen-
ters for Disease Control and Prevention's 
(CDC's) HIV prevention activities during 
the past two decades have focused on hel-
ping uninfected people at higher risk of 
acquiring HIV to change and maintain 
behaviors to keep them uninfected. Despite 
the success of these e�orts in reducing HIV 
incidence in the late 1980s and early 1990s, 
the number of new HIV infections was esti-
mated to be 55,400 per year for 
2003–2006.
 A wide range of e�ective interven-
tions is currently available to reduce trans-
mission of HIV/AIDS. However, most of 
these HIV prevention interventions focus 
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on changing individual risk behaviors. 
Long-term, sustainable risk reduction may 
require taking into account factors that are 
external to the individual. HIV prevention 
programs need to address the contexts in 
which people live; that is, larger, external 
factors that may in�uence risk-taking beha-
viors. Very few of the available HIV preven-
tion interventions address larger structural 
or environmental factors that either facilita-
te or impede behavior change. �is article 
describes a process that was undertaken to 
identify a range of interventions that can be 
de�ned as structural, and to examine the 
feasibility of implementation and their 
perceived impact if implemented. It was 
proposed that such interventions could 
inform CDC policy development and 
potential program expansion.
 Social and economic factors as well as 
laws and policies a�ect the transmission and 
di�erential distribution of HIV/AIDS. �is 
perspective emphasizes social conditions as 
determinants of disease. Structural inter-
ventions promote health by altering the 
structural context within which health is 
produced. Structural interventions have 
been de�ned as HIV prevention interven-
tions that include physical, social, cultural, 
organizational, community, economic, 
legal, and policy factors. 
 Research has highlighted the role of 
structural factors that either facilitate 

behavior change or act as barriers to risk 
reduction. �ese factors either directly or 
indirectly a�ect an individual's ability to 
reduce the risk of getting infected or assist 
in changing behaviors. For example, stable 
housing for HIV-positive individuals was 
associated with changes in risk behaviors. 
Changes in housing status signi�cantly 
reduced the risks of drug use, needle use, 
needle sharing, and unprotected sex. Simi-
larly, uninterrupted insurance coverage, as a 
structural intervention, had shown strong 
and positive e�ects on the use of ambula-
tory care and antiretroviral therapy. 
 In recent years, conditional cash 
transfer programs have focused on changing 
health behaviors such as smoking cessation, 
weight loss, and, more recently, promotion 
of HIV/AIDS prevention. Examination of 
social and environmental factors that 
in�uence risks suggests that modifying 
these social environmental factors may faci-
litate risk reduction by the individuals and 
also provide justi�cation for developing 
intervention approaches tailored to speci�c 
determinants of risks. Successful structural 
and environmental public health interven-
tions in other domains include taxation on 
cigarettes, aswell as helmet and seat belt 
laws. Public policy may play a role in sha-
ping environmental outcomes to stem HIV 
transmission. [31, Rank 4]
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 �e total number of people living 
with HIV is estimated to be near 33.4 mil-
lion, with 97% living in low- and mid-inco-
me countries and 48% being women. Pre-
venting HIV infection and AIDS is a global 
priority, and a number of behavioral, bar-
rier, antiretroviral drug-based and vaccine 
approaches have been the subject of intense 
research. While antiretroviral treatment 
(ART) in HIV-infected individuals slows 
progression to AIDS and death, its bene�t 
at a population level is dependent on the 
availability of drugs and adherence to treat-
ment regimens. A safe, e�ective, and durab-
le vaccine is needed to stem the pandemic.
 �e development of an AIDS vac-
cine has faced many challenges over the 
past 25 years. Current AIDS vaccine can-
didates do not elicit broadly neutralizing 
antibodies capable of preventing infection 
by the vast diversity of HIV isolates. �e 
�rst test-of-concept trial of a cell-mediated 
immunity (CMI)-based vaccine did not 
show e�cacy and raised the concern that 
the vaccine might enhance the risk of infec-
tion for some vaccinees. Vaccine candidates 
in current trials are designed to induce 
HIV-speci�c cell-mediated immunity 
responses that could slow HIV replication, 
destroy HIV-infected cells, preserve 

immune memory, delay disease progres-
sion, and possibly prevent secondary trans-
mission by reducing the quantity of virus in 
body �uids (viral load). 
 Other HIV prevention modalities 
have shown promise. Prompt postexposure 
prophylaxis reduces the risk of transmission 
due to occupational or sexual exposure. 
Treatment of mother and/or child before 
and after childbirth has reduced the risk of 
mother-to-child transmission. Very recent-
ly, the �rst successful demonstration of pro-
tection by tenofovir-containing vaginal gel 
has provided proof-of-concept for topical 
microbicide pre exposure prophylaxis 
(PrEP). Tenofovir gel reduced HIV acquisi-
tion by an estimated 39% overall, and by 
54% in women with high adherence to the 
dosing regimen of before and after sexual 
exposure. 
 Furthermore, in some experiments, 
animals that became infected despite recei-
ving TDF as PrEP or PEP showed delayed 
onset of viremia and delayed seroconver-
sion, demonstrating that even in the case of 
incomplete protection against infection, 
PrEP or PEP may lead to attenuated acute 
infection (perhaps by allowing the immune 
system to gain some control of the virus). 
�e demonstrated e�cacy of tenofovir 
disoproxil fumarate in the treatment of 
HIV infection, the lack of reported serious 
safety problems associated with its use, its 

 In order to minimize the impact of 
indels on calculated diversity, the authors 
used a pairwise dot matrix alignment, 
which accounts for the nature of evolution-
ary events when calculating pairwise diver-
sity. Researchers proposed Sequence Clus-
tering Based Diversity Measure cut-o� of 
1.0% based on the known evolutionary rate 
of the env gene. �e assay was tested on a 
dataset containing 398 incident and 163 
chronic infection cases. It achieved an over-
all accuracy of 99.3%, with a sensitivity and 
speci�city of 99.5% and 98.8%, respective-
ly. �e method overcomes the limitations of 
using only intra-patient diversity, since 
these do not account for the impact of 
indels and recombination on calculated 
diversity measures. �e application of this 
method could be limited as the generation 
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long half-life, and its relatively high thres-
hold to drug resistance make this antiretro-
viral agent an attractive candidate for syste-
mic or topical prophylactic use. 
 Tenofovir and related drugs have 
high concentrations in genital tissues, so 
repeated exposure with locally aborted HIV 
infection is theoretically possible and, if it 
occurs, may lead to the development of 
HIV-speci�c cellular immune responses. 
Several clinical e�cacy trials using tenofovir 
disoproxil fumarate alone or in combina-
tion for oral or topical prophylaxis are 
ongoing. Other drugs are also being consi-
dered for use in such regimens. However, 
more safety and e�cacy data are needed, 
and there are signi�cant practical barriers to 
widespread prophylactic use of antiretrovi-
ral therapy.
 Antiretroviral therapy for HIV-infec-
ted individuals may prove useful in the pre

vention of secondary transmission. Viral 
load is the single greatest risk factor for all 
modes of transmission. Sexual transmission 
of HIV has been closely linked to viral load 
in the blood of the infected host, which 
probably serves as a surrogate, albeit imper-
fect, for HIV concentration in the genital 
tract. In addition to lowering plasma viral 
load to nearly undetectable levels, Antiret-
roviral therapy can decrease viral load in 
genital secretions, although patients having 
a detectable semen HIV load may have no 
detectable virus in their blood plasma, high-
lighting the residual risk of HIV-1 transmis-
sion during unprotected intercourse. Ob-
servational studies and recent modeling 
work have triggered considerable interest 
and concerns regarding the use of antiretro-
viral therapy in HIV-infected individuals to 
prevent secondary transmission. 
 In the coming years, systemic pre 
exposure prophylaxis or drug-based 
microbicides (which in this discussion is 
considered a topical form of pre exposure 
prophylaxis) may be proven to safely 
confer protection against HIV infection. 
In that instance, even though the imple-
mentation of a “background” intervention 
would require careful consideration by 
national governments, pre exposure pro-
phylaxis might be proposed as a baseline 
intervention for AIDS vaccine trial partici-
pants. In e�ect, by allowing repeated 
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exposures to HIV that do not lead to estab-
lished infection, pre exposure prophylaxis 
may allow exposure-induced immunity to 
alter vaccine-induced immunity; on the 
other hand, vaccination could in�uence 
susceptibility, thus altering the e�cacy of 
pre exposure prophylaxis. 
 Similarly, antiretroviral therapy in 
HIV-infected individuals to prevent secon-
dary transmission may gain momentum in 
populations with a high prevalence of HIV 
infection. Low-dose exposure, presumably 
more common when the donor is receiving 
antiretroviral therapy, which can reduce 
virus concentration in both blood and geni-
tal secretions, might therefore be countered 
more easily by pre-existing, vaccine-in-
duced immunity in the recipient. �ese 
possibilities o�er new opportunities for 
combination biomedical HIV prevention 
research and raise several questions about 
potential interactions and/or synergies 
between pre exposure prophylaxis, Antiret-
roviral therapy for prevention, and AIDS 
vaccines. Such potential interactions should 
be considered when designing intervention 
trials and when “translating” the results of 
randomized, controlled trials to predictions 
of how the interventions, when introduced 
into broad use, may in�uence public health. 
[27, Rank 5]
 With the negative result of the STEP 
trial and the realization that even the most 

potent vaccines designed to elicit conven-
tional CD8+ memory T cell responses were 
unlikely to confer elite controller status to 
the majority of infected vaccinees, the 
HIV/AIDS vaccine development �eld was 
left with no clear pathway to an e�ective 
vaccine  only the hope that increasingly 
detailed and sophisticated structural analy-
sis of the interaction between env and a 
growing panel of broadly neutralizing mo-
noclonal antibodies isolated from HIV+ 
patients would lead to advances in env 
immunogen design, and eventually, a vacci-
ne capable of eliciting high titer, broadly 
neutralizing antibodies. 
 However, recent data suggesting that 
mucosal infection might be prevented by 
more prosaic antibody-targeted vaccines 
that induce antibody responses capable of 
virus or infected cell binding, but not 
necessarily broadly neutralizing activity, or 
alternatively, by stringent control of infec-
tion through TEM-generating vaccines, 
o�ers a new approach to HIV/AIDS 

 It may take up to 72 hours for HIV 
to be detected in regional lymph nodes, up 
to 5 days to be detected in blood, and about 
8 days to be detected in the cerebrospinal 
�uid. �is o�ers a window of opportunity 
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The recent RV144 Thai trial of a 

prime-boost vaccine regimen 

aiming at inducing both cell-me-

diated immunity and antibody 

responses showed in a modi�ed 

intention-to-treat analysis a 31% 

reduction in the risk of infection.



vaccine development based on exploiting 
the immune vulnerabilities of the virus 
during the early stage of infection. Alt-
hough neither of these vaccine strategies is 
su�ciently optimized for clinical use in 
their current form, it is not unreasonable to 
suggest that both empirical optimization 
and rational design can improve the e�cacy 
of each approach, and that the combination 
of these disparate and independent 
approaches might result in additive or 
potentially synergistic increases in overall 
e�cacy. 
 �e RV144 vaccine approach might 
be empirically improved by optimization of 
priming vectors and their env inserts and 
the env protein immunogens used in the 
boost, as well as the use of more potent 
adjuvants with the protein boost. Obvious-
ly, novel immunogens derived from structu-
re-function analysis of broadly neutralizing 
monoclonal antibodies could be incorpora-
ted into these antibody-targeted 
prime-boost designs as they are shown to be 
e�ective. �is optimization might be 
accomplished using both NHP models and 
adaptive clinical trial. [25, Rank 2]
 Given variability in the magnitude, 
quality and duration of vaccine-elicited 
immune responses in humans and both the 
immune evasion capabilities and diversity 
of HIV, it is unlikely that any single vaccine 

approach will be e�ective in all potential 
transmissions. And, of course, when infec-
tion occurs in the face of signi�cant immu-
nologic pressure that does not confer solid 
protection, it almost inevitably leads to 
immune escape, and potentially, generation 
of transmissible viruses that are no longer 
sensitive to the involved immunologic mec-
hanism. 
 While strategies such as mosaic vacci-
ne insert/ immunogen designs can broaden 
vaccine-elicited immune responses, and 
help overcome the sequence diversity of 
transmitted HIV strains, a more general 
solution to this issue may lie in the develop-
ment of multimodal vaccines that target 
di�erent immune vulnerabilities (much like 
the need for multiple, di�erentially-targe-
ted anti-retroviral drugs in e�ective combi-
nation anti-retroviral chemotherapy regi-
mens). �is strategy is subtly di�erent than 
the oft-repeated conventional wisdom 
mantra that an optimally e�ective AIDS 
vaccine should induce both humoral and 
cellular immunity, in the hope that one arm 
of the adaptive immune system can conf-
ront the fraction of virus not e�ectively 
dealt with by the other. [20, Rank 4]
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 An e�ective intervention should be 
available, and the distress and subsequent 
investigation caused by a positive test 
result must be outweighed by the bene�t of 
early treatment. 
 Several issues should be considered 
with respect to screening for asymptomatic 
neurocognitive impairment. For a test to be 
clinically useful the disease must have a 
well-de�ned early stage that would progress 
to a more severe stage without intervention. 
Since no e�ective therapy for asymptomatic 
neuro-cognitive impairment other than 
antiretroviral therapy has been identi�ed, 
the bene�ts of screening asymptomatic 
patients who have normal daily functioning 
and are already taking antiretroviral therapy 
are debatable, particularly because no single 
screening method seems to be adequately 
sensitive and speci�c enough to diagnose 
asymptomatic neurocognitive impairment 
in all clinical settings. 
 In many patients, asymptomatic neu-
rocognitive impairment is not progressive; 
for instance, around half of individuals with 
any HIV-associated neurocognitive disor-
der �uctuate in cognitive functioning over 
time, with improvement from HIV-associa-
ted neurocognitive disorder to unimpaired 

cognitive function occurring as frequently 
as deterioration. �is variability might be 
due to true �uctuations in pathological 
processes, perhaps re�ecting varying deg-
rees of HIV replication in the central ner-
vous system, or might re�ect limitations of 
the neuro-psychological tests. Importantly, 
whether or not the poor outcomes reported 
for those diagnosed with asymptomatic 
neurocognitive impairment are driven 
primarily by HIV, by comorbidities, or by 
both is unclear.
 Identi�cation of patients who have 
early-stage impaired cognitive function 
might have some merit, so that risk factors 
can be controlled, treatment adjusted, and 
disease progression monitored. Changes to 
antiretroviral drug regimens based on distri-
bution into the nervous system, monocyte 
activation, or neurotoxicity have been posi-
ted in the treatment of asymptomatic neu-
rocognitive impairment, but randomised 
clinical trials to support these or other inter-
ventions, such as exercise or cognitive 
rehabilitation, have not been done. 
 As a result there is no strong consen-
sus on the best course of action for patients 
who are taking adequately suppressive anti-
retroviral therapy and are diagnosed with 
asymptomatic neurocognitive impairment, 
and there is no widely accepted therapeutic 
framework in which to change antiretrovi-
ral therapy on the basis of di�erences in the 
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estimated e�cacy or toxicity of antiretrovi-
ral drugs in the central nervous system. A 
remaining important consideration is the 
impact of the screening process on patients; 
informing an asymptomatic individual that 
he or she has cognitive impairment could 
cause psychological distress. For these reas-
ons, routine cognitive screening for asymp-
tomatic neurocognitive impairment has not 
yet been widely adopted in the clinic. [15, 
Rank 4]
 Compared to urban areas, there were 
relatively few factors associated with survi-
val for rural areas. Of note, there were no 
signi�cant racial/ethnic di�erences in survi-
val in the rural areas, although there were in 
the urban areas, where non-Hispanic blacks 
and to a lesser extent Hispanics were disad-
vantaged relative to non-Hispanic whites. 
One possible explanation is that income 
inequalities among racial/ethnic groups 
may be smaller in rural areas than in urban 
areas, but these data were not available for 
analysis. 
 Older age at the time of diagnosis, on 
the other hand, was associated with lower 
survival in both areas, as has been reported 
in other studies. Not surprisingly, in both 
areas, diagnosis during earlier time periods 
was associated with lower survival, which is 
to be expected given the signi�cant 
advances in HIV/AIDS treatment. Having 
an unknown transmission category was also 

associated with lower survival in both areas. 
�is may be due to information not being 
collected because the person died rapidly or 
because people who deny risk may deny 
signs and symptoms and delay seeking me-
dical care and subsequently diagnosis. 
 �e socioeconomic status of the area 
where the person was diagnosed was not 
associated with survival in rural areas. In 
urban areas, there was a clear association 
between decreased survival and low 
socioeconomic status, whether measured by 
the poverty index or the low a�uence 
index. �e association between decreased 
survival and individual- and area-level low 
socioeconomic status has been reported by 
others. It is likely that the rural area 
socioeconomic measures are less re�ective 
of individual socioeconomic status than 
urban measures. Additionally, there may be 
some unmeasured cultural factors present 
only in rural areas in Florida that may lessen 
the impact of low socioeconomic status on 
AIDS disease progression. It would be 
bene�cial for future studies to measure 
socioeconomic status in smaller geographic 
areas or at the individual level to further 
investigate the role of socioeconomic status 
in AIDS survival in rural areas. [67, Rank 
3]

 �e decision to initiate Post Exposure 
Prophylaxis should be based upon a 
risk/bene�t analysis weighing up the risk of 
an individual acquiring HIV and the poten-
tial for harm due to Post Exposure Prophy-
laxis. Risk of HIV transmission is greatest 
for blood transfusions, followed by vertical 
exposure, sexual exposures, and other par-
enteral exposures. 
 Sexual exposure accounts for the ma-
jority of HIV infections, with much varia-
bility in the risk of acquiring HIV depend-
ing on the speci�c sexual act. �e risks from 
sexual exposure ranged from low for oral sex 
to 138 infections per 10,000 exposures for 
receptive anal intercourse. Unprotected 
receptive anal intercourse (UPRAI) and 
sharing needles have the highest risk of 
acquiring HIV per exposure. Insertive anal 
intercourse (IAI) and vaginal intercourse 
(receptive and insertive) and oral sex are 
described as having lower per-act risks.
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 Many adolescents living with AIDS 
do not receive adequate support and care – 
and many others are not aware of how to 
protect themselves from AIDS. School-ba-
sed HIV/AIDS education is a common and 
well-proven intervention strategy for provi-
ding information on HIV/AIDS to young 
people. However, lack of skills among 
teachers for imparting sensitive information 
to students can lead to programme failure 
in terms of achieving goals.

family planning. �ese bene�ts will help to 
educate and provide better opportunities 
for young girls and have positive ripple 
e�ects within a community. In addition to 
helping with HIV prevention, education 
increases the tolerance and empathy of indi-
viduals who have contracted the disease. By 
addressing fears and changing attitudes, 
education reduces discrimination and stig-
mas – the leading causes for children and 
adolescents to drop out of school.

 Statewide, annual HIV case counts 
have been stable over the past decade. 
Between 550 and 600 people are newly 
diagnosed with HIV infection each year. 
About one in three cases is diagnosed late in 
the course of his or her HIV illness, or deve-
lops AIDS within 12 months of HIV diag-
nosis. HIV rates are highest among gay and 
bisexual men, as well as racial or ethnic 
minorities.

 In Washington, health care providers, 
health care facilities, clinical laboratories, 
veterinarians, and others have responsibili-
ties for reporting suspected or con�rmed 
cases of certain conditions under public 
health surveillance. Included are speci�c 

 Education is an e�ective tool to 
reduce the social and economic vulnerabili-
ties that often make girls and women more 
prone to become infected with HIV/AIDS. 
Education promotes gender equality and 
women empowerment; what’s more, it has 
added bene�ts such as delaying marriage for 
young girls and providing an avenue for 
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 �ere has been some observational 
data that HIV can be transmitted through 
oral intercourse, but the risks are di�cult to 
estimate, due to the likelihood of other con-
current sexual risk exposures, and are 
thought to be very low. A study estimated a 
per-act risk of receptive oral intercourse 
with ejaculation at 0.06% with an 
HIV-positive partner or partner of 
unknown status, with no increased risk 

�e Role of Education
 in Prevention of HIV/AIDS

Figure 23: School based HIV education for prevention

Strategies on HIV and AIDS 
in the State of Washington

Screening for HIV/AIDS



acute and chronic communicable diseases, 
occupational asthma, birth defects, blood 
lead levels, and pesticide poisoning. Most 
communicable noti�able conditions are 
reported to the local health jurisdiction. 
HIV infection and CD4 counts except 
King County and tuberculosis are reported 
to the Washington State Infectious Disease 
o�ce.

Laboratories:
For HIV, positive Western blot assays, p24 
antigen or viral culture tests are noti�able 
within 2 workdays to Public Health-Seattle 
& King County (PHSKC) for labs in King 
County and the Washington State Depart-
ment of Health (DOH) for labs outside of 
King County. All results, whether they are 
positive or not detectable, on HIV nucleic 
acid tests (RNA or DNA) are noti�able on 
a monthly basis. All CD4+ absolute counts 
and percentage of total lympocytes compri-
sed by CD4+ lymphocytes are noti�able on 
a monthly basis. 
Local health jurisdictions: 
Noti�able to Washington Department of 
Health within 7 calendar days of case inves-
tigation completion or summary informa

Health care providers: AIDS and HIV 
infection noti�able to local health jurisdic-
tion within 3 working days
Health care facilities: AIDS and HIV 
infection noti�able to local health jurisdic-
tion within 3 working days
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tion required within 21 calendar days of 
noti�cation
Noti�cation 
 Noti�cation means that individuals 
testing positive will be counselled about the 
importance of notifying spouses and part-
ners and will be given the choice to notify, 
to allow the healthcare provider to notify, or 
to refer to the local health jurisdiction for 
assistance in notifying the spouse.
Con�dentiality
 All medical records are con�dential 
and must be maintained in a manner that 
protects that con�dentiality. Con�den-
tiality of medical information means that a 
person’s medical information (including 
HIV testing and HIV results) may not be 
disclosed to anyone unless the individual 
signs a release-of-information form. Howe-
ver, there are exceptions to this. Medical 
information can be disclosed under certain 
circumstances, including:

HIV case reporting and partner 
noti�cation
 �e intent of contacting persons 
reported with HIV infection is to assist 
infected persons in notifying spouses and 
sex and needle-sharing partners that they 
may be infected, and to provide referral for 
care and other services. Public health sta� 
elicits partner information, then work with 
the infected person to determine which 
he/she will reach and which public health 
will contact. Exposed persons are then o�e-
red counseling and testing to learn of their 
status, hasten their entry into care if positi-
ve, and prevent further transmission to 
others. Public health o�cials will contact 
the principal health care provider to deter-
mine the best means of contacting the 
HIV-infected person to conduct partner 
noti�cation. �e health care provider, who 
recommends the health o�cer not meet 
with the HIV-infected individual, must 
inform the HIV-infected individual of the 
necessity to notify partners, assist in 
notifying partners, and inform health 
o�cials of the identity of certain partners.
 Health o�cers shall use identifying 
information only for contacting the 
HIV-infected individual to provide 
post-test counseling, to assure health 
services are being accessed, to contact part-
ners, or to investigate behaviors that endan-
ger the public health. 

When it is given from one healthcare 
provider to another healthcare provi-
der for related ongoing medical care 
of the patient
In a life or death emergency
To a third-party payer or insurance 
provider
In reporting noti�able conditions to 
the local health jurisdiction or the 
Department of Health (DOH)
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 PrEP without insurance can cost up 
to $14,000 a year, however very few people 
end up paying that amount. Health insu-
rance, including Medicaid, covers PrEP. 
Drug companies also provide discounts to 
those who qualify.

 �is new federal initiative seeks to 
reduce the number of new HIV infections 
in the United States by 75 percent within 
�ve years, and then by at least 90 percent 
within 10 years, for an estimated 250,000 
total HIV infections averted. 
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Post Exposure Prophylaxis 
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Pre Exposure 
Prophylaxis Guidelines

End AIDS Washington: 
A Plan for AmericaFigure 25 : Post exposure prophylaxis

Figure 26: Pre Exposure Prophylaxis



 Financial assistance programs are 
available for both HIV-positive and 
HIV-negative Washingtonians. �ere are 
also community programs available to help 
you look at di�erent programs and apply 
for the ones that are right for you. 

 It is Washington States AIDS Drug 
Assistance Program. It is administered by 
the Washington State Department of 
Health in the HIV Client Services O�ce. 
Many services are available to assist enrol-
lees with out of pocket costs for their HIV 
care, including medical/lab, mental health, 
dental medications.
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 It is an internet-based survey desig-
ned to monitor demand, uptake, and 
unmet need for HIV prevention interven-
tions, with a focus on pre-exposure pro-
phylaxis (PrEP). �is report presents the 
results from a second round of the survey, 
conducted from November 2018 to 
January 2019. Comparisons with the 2017 
(Round 1) data allow for monitoring prog-
ress towards End AIDS Washington goals.

�e Washington HIV/STI 
Prevention Project (WHSPP) 

Health Management Guidelines 
for HIV-Infected Persons

Financial Assistance Program

Component 1
Physical 

Examination

Component 2
HIV Tests 

Serologic Test

Component 3
Laboratory 

Tests 

Component 4
Vaccine 

recommenda-
tions

Component 5
Coinfection 

and comorbi-
dity screening 

Comprehensive history, physical, and 

review of systems

CD4+ cell counts and percentages 

every three to four months,  Viral 

load every three to four months, 

Plasma HIV RNA levels, HIV 

resistance testing

Routine complete blood count and 

chemistry panel,Glucose-6-phosphate 

dehydrogenase, Fasting lipid panel, 

Urinalysis and creatinine clearance

Pneumococcal infection,In�uenza 
annually, Tetanus, diphtheria,pertussis 
with tetanus booster very 10 years,Va-
ricella, Hepatitis A and B, Human 
papilloma virus (HPV) in both males 
and females, Meningococcal, Measles, 
mumps, rubella, Primary varicella 
Zoster

Tuberculosis (follow-up chest X-ray if 
positive PPD) repeated periodically, 
Toxoplasma gondii, Viral hepatitis, 
Herpes viruses, Cytomegalovirus, 
Syphilis (RPR or VDRL), Other STIs, 
Cervical cancer, Anal human papillo-
mavirus, Breast cancer

Figure 27:  Health Management in HIV patients- 
Washington State



 Globally, women account for nearly 
half of all people living with HIV and repre-
sent even a greater proportion of those 
a�ected in low- and middle-income count-
ries. Gender inequalities and harmful 
gender norms that promote unsafe sex and 
limit access to health services, education, 
and economic opportunities continue to 
drive the HIV epidemic in many countries. 
As a consequence, the prevalence of HIV 
among girls and young women is more than 
double that of similarly aged males. Despite 
this, women are still largely underrepresen-
ted in HIV cure research. Most cure-related 
research and clinical trials take place in 
developed countries, where the HIV epide-
mic is predominantly driven by men who 
have sex with men. �erefore, di�erences in 
barriers to eradicating HIV between men 
and women have not been adequately con-
sidered. 
 �e pro�le of the global HIV/AIDS 
epidemic has changed dramatically over the 
past three decades, from a disease that 
predominantly a�ected men to one that is 
a�ecting a growing number of women. 
Women now represent over 50% of the 

33.3 million people living  with HIV glo-
bally. In regions of sub-Saharan Africa, 
women constitute a disproportionate 60% 
of HIV cases. In Latin America and the Ca-
ribbean, the percentage is over 35 and 50%, 
respectively. In Asia, the proportion of 
women living with HIV (WLWH) has 
grown even more rapidly. In China, for 
example, the male-to-female sex ratio 
among HIV-positive people has narrowed 
from 9:1 in the 1990s to 3:1 in 2007. In 
North America, men who have sex with 
men continue to account for the majority of 
people living with HIV, but the proportion 
of women living with HIV has steadily 
increased over the past decade. In Canada, 
26% of newly diagnosed HIV infections in 
2009 were among females aged 15 years 
and above, more than double the propor-
tion observed in 1999 (12%).
 Di�erences in the biological and 
social realities of men and women are key 
drivers of the feminization of the HIV epi-
demic. In the context of heterosexual vagi-
nal intercourse, the e�ciency of male-to-fe-
male HIV transmission is two times greater 
than female-to-male transmission, owing to 
a more receptive contact surface of the 
vagina, a higher concentration of HIV in 
semen compared to vaginal �uid and cer-
vical ectopy. Social factors can exacerbate 
this increased risk. For instance, women 
who are economically disadvantaged or 
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who have experienced gender-based 
violence are more likely to engage in unpro-
tected sex, have multiple partners and resort 
to trading sex for money, drugs, food or 
housing. �ese women are also less likely to 
have the capacity to a�rm one's self and to 
negotiate condom use, discuss �delity with 
partners and leave risky relationships.
 Access to and maintenance in treat-
ment also varies by gender, both globally 
and in Canada. women living with HIV 
experience several barriers to care which are 
heavily shaped by gender, including stigma 
and discrimination, violence, mental health 
and addiction issues, a lack of �nancial 
resources, lack of social support and feelings 
of isolation, in�exibilities in clinic hours, 
negative experiences with health care provi-
ders, a lack of services focusing on women, 
long travel distances to services from rural 
or remote areas and competing responsibili-
ties as mothers, partners, friends, homema-
kers, paid-workers and care-givers in which 
women prioritize the needs of others above 
their own.
 Con�icting results have been publis-
hed in terms of sex di�erences in outcomes 
after treatment initiation. While some aut-
hors have reported improved virological 
suppression in males, others have showed 
advantages in females. However, most eva-
luations have found no sex di�erences after 
adjustment for confounding variables.

 Nevertheless, women are more likely to be 
non-adherent, have treatment interruptions 
and experience more adverse drug reac-
tions. Also, HIV infection increases the 
severity of menopause and menstrual disor-
ders, osteoporosis, pelvic in�ammatory 
disease and vulvo–vaginal and cervical 
diseases.
 Women also have distinct reproducti-
ve health concerns, including contracep-
tion, fertility and pregnancy. Provision of 
the full range of contraceptive options and 
access to safe abortion services are critical 
components of care to prevent unplanned 
pregnancies and improve women's overall 
health. It is similarly critical to support 
women to safely achieve their future repro-
ductive goals through pre-conception, preg-
nancy and post-partum services and 
support including access to fertility treat-
ment services as required, as an increasing 
number of HIV-positive women express the 
intention to have biological children. In 
addition to reproductive concerns, sexual 
satisfaction, sexual functioning and sexual 
negotiation are increasingly important 
concerns to address as women living with 
HIV have been wrought with sexual stigma 
and a near absence of supportive services.
 Women's experiences of HIV infec-
tion are unique and tailored services that 
respond to women's needs are critical for 
improving the overall health outcomes of 
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women living with HIV. In response, some 
regions have created women-speci�c 
HIV/AIDS programmes and services. For 
instance, in Canada, some of these include 
the Oak Tree Clinic, Positive Women's 
Network, the Maple Leaf Medical Clinic, 
Women's Health in Women's Hands Com-
munity Health Centre and the Centre for 
AIDS Services of Montreal Women; in the 
United States (US), the Johns Hopkins 
HIV Women's Health Program, the Wo-
men's Collective, Sister Love Inc. and US 
Positive Women's Network; and globally, 
Women Fighting AIDS in Kenya, Mama's 
Club in Uganda, Mujeres Positivas in Latin 
America and Women Organized to Res-
pond to Life-threatening Diseases. Despite 
the emergence of this model of care, the 
concept of women-speci�c HIV/AIDS 
services remains largely unde�ned. �ese 
approaches are not well conceptualized and 
little is known about the key characteristics 
of women-speci�c HIV/AIDS services. [75, 
Rank 3]
 Overall health should be optimized 
and health care coordinated with other pro-
viders to ensure attention to standard 
primary care and management of chronic 
diseases. A number of chronic medical 
illnesses occur not infrequently in indivi-
duals with HIV and certain conditions may 
be associated with HIV or its treatment. 
Many of these illnesses are associated with 

adverse maternal and/or fetal outcomes, 
and medications used to treat them may 
also be associated with potential harm. 
Furthermore, antiretroviral agents are 
associated with increased risk of certain 
chronic problems, such as glucose metabo-
lic abnormalities.
 All current medications, including 
prescription, over-the-counter and comple-
mentary medications, should be reviewed 
and potential adverse e�ects associated with 
the drugs assessed. 
 For many drugs, in particular newer 
medications, experience in human preg-
nancy may be extremely limited and deci-
sions should be made on a case by case 

 Raltegravir (RAL), an integrase inhi-
bitor, has a favorable tolerability, safety, and 
metabolic pro�le, and is well-tolerated as 
post exposure prophylaxis. It acts before 
viral integration and thus may be more 
e�ective at preventing HIV infection. It has 
fewer side e�ects and fewer drug–drug 
interactions than other classes of antiretro-
viral medications. �e New York State De-
partment of Health recently started using 
Raltegravir, emtricitabine, tenofovir disop-
roxil fumarate as its �rst-line occupational 
and nonoccupational post exposure pro-
phylaxis regimen, and the Center for Disea-
se Control (CDC) now recommends the 
use of Raltegravir for occupational post 
exposure prophylaxis. A recent interventio-
nal study assessed Raltegravir as part of a 
triple drug post exposure prophylaxis regi-
men, including emtricitabine and tenofovir 
disoproxil fumarate, in comparison to emt-
ricitabine and tenofovir disoproxil fumara-
te. Researchers found the Raltegravir regi-
men had a high completion rate, was e�ec-
tive, and avoided potential drug–drug 
interactions. However, there was a small 
risk of acute muscle toxicity. Two other 
INIs, elvitegravir and dolutegravir, have 
been licensed recently. Elvitegravir is cur-
rently being evaluated as post exposure pro-
phylaxis in a study in the US using Stribild; 
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A drug classi�ed as Food and 

Drug Administration category D 

indicates positive evidence of 

human fetal risk, but potential 

bene�ts to mother may make 

risk acceptable; FDA category X 

indicates evidence of human 

fetal risk, which clearly out-

weighs any possible bene�t. If a 

woman is taking an FDA catego-

ry D or X drug, then the feasibility 

of safely stopping or substitut-

ing a drug that may be safer in 

pregnancy should be 

determined.



basis, based on individual medical needs 
and the availability of alternative medica-
tions with equal e�cacy 
 Food and Drug Administration drug 
classi�cation can give some guidance about 
what is known or not known about poten-
tial teratogenic risk with use during preg-
nancy, based on animal data and human 
experience. and better safety pro�le. In 
general, teratogenic risk is limited to the 
�rst trimester of pregnancy when major 
fetal structures form, but often before preg-
nancy is realized. It is also important to 
remember that there can be other potential 
adverse e�ects of medications on the 
mother, fetus or pregnancy course which 
should be considered as well when a woman 
is planning to conceive.
 Women should be evaluated for the 
need for appropriate prophylaxis or treat-
ment for opportunistic infections before 
attempting to conceive. Medications for 
such treatment or prophylaxis should be 
carefully chosen based on safety, tolerability, 
and potential toxicity considerations when 
used in pregnancy. Assessment prior to 
conception also allows the provider to imp-
lement appropriate management of anemia 
or other nutritional de�ciencies. [76, Rank 
3]
 An assessment of the need to initiate 
or modify an antiretroviral regimen should 

be made for all women living with HIV 
prior to conception. antiretroviral therapy 
should be initiated in women who meet the 
criteria for HIV treatment according to the 
Department of Health and Human Services 
(DHHS) Guidelines for the Use of Antiret-
roviral Agents in HIV-1-Infected Adults 
and Adolescents and should be strongly 
considered when the male partner is not 
HIV-infected prior to attempting to concei-
ve, with the primary treatment goal of 
achieving a stable, maximally suppressed 
maternal viral load prior to conception. �e 
choice of ART regimen should take into 
account current adult treatment guide-
lines, what is known about the use of spe-
ci�c drugs in pregnancy and the risk of 
teratogenicity or other adverse e�ects. 
 However, the potential adverse e�ects 
of antiretroviral therapy on certain preg-
nancy outcomes, readiness for life-long the-
rapy, and risks versus bene�ts of stopping 
antiretroviral therapy postpartum should be 
part of the deliberations. If a current Anti-
retroviral regimen is not e�ective (i.e., 
suboptimal suppression of viral load), not 
well tolerated, or associated with signi�cant 
adverse e�ects, then it should be modi�ed 
prior to attempts at conception. 
 Nevertheless, in women who are 
initiating Antiretrovirals prior to attempts 
to conceive, Efavirenz should be avoided, if 
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possible. For women planning to conceive 
and already on an e�ective antiretroviral 
regimen including Efavirenz, regimen mo-
di�cation should be considered if there are 
available, acceptable, and e�ective 
alternatives.

�e virologic and immunologic bene�ts of 
highly active antiretroviral therapy 
(HAART) in children in resource-rich 
countries have been con�rmed by trial data 
in low-income and middle-resource count-
ries. Global treatment access for HIV-infec-
ted children is rapidly increasing; an estima-
ted 356,400 children younger than 15 years 
received highly active antiretroviral therapy 
in 2009 in resource-limited countries, a 
29% increase since 2008. �e de�nition of 
who is in need of treatment is likewise 
expanding rapidly. Research has demonstra-
ted that immediate highly active antiretro-
viral therapy signi�cantly reduces mortality 
and morbidity in HIV-infected infants, and 
the World Health Organization has revised 
its guidelines to recommend highly active 
antiretroviral therapy initiation in all 
HIV-infected children younger than two 
years. 
 However, treatment in children is 
complicated by changing drug pharmacoki-
netics with age, caused by the continuing 

development and maturation of the organs 
involved in drug metabolism. Drug phar-
macokinetics are further complicated by 
malnutrition and drugs required for treat-
ment of coinfection with tuberculosis (TB) 
and malaria. Children initiate therapy 
during a period of rapid growth and 
development, and face a lifetime of drug 
exposure. Highly active antiretroviral the-
rapy potential adverse e�ects on metabo-
lism are central to managing pediatric HIV, 
but research has been limited in children. 
[80, Rank 3]
 An estimated 3.2 million children 
currently live with human immunode-
�ciency virus (HIV). Children with perina-
tal HIV infection (PHIV+) in the era of 
highly active antiretroviral therapy 
(HAART) have signi�cantly improved odds 
of survival compared to the pre- highly 
active antiretroviral therapy era and are 
living into adolescence and adulthood in 
unprecedented numbers. In the United 
States, mortality amongst HIV-infected 
children declined from 7.2 per 100 
child-years in 1994 to 0.6 per 100 child-ye-
ars in 2006, a more than 90% reduction. 
Similar achievements have been made in 
Europe. In these resource-rich settings, 
those with perinatal HIV infection live 
longer, and fewer die of opportunistic infec-
tions, but PHIV+ still face signi�cantly 
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higher odds of morbidity and mortality 
compared to their uninfected peers. 
 Overall, it is estimated that HIV-in-
fected children have mortality rates 30 
times higher than uninfected children of 
similar age in the United States [10]. Alt-
hough deaths from opportunistic infections 
have decreased signi�cantly, deaths from 
end-stage, acquired immunode�ciency 
syndrome (AIDS), sepsis and renal failure 
are now more common [10]. And as HIV 
infection transforms from a terminal illness 
to a chronic disease, new comorbidities 
emerge, including metabolic disorders and 
cardiovascular and kidney diseases. [85, 
Rank 4]
 �e feasibility of initiating antiretro-
viral therapy within 24–48hrs of birth, the 
ability of antiretroviral therapy to make 
faster reductions in the size of the viral 
reservoir that continue for longer in infants 
compared with adults, and the ability of 
antiretroviral therapy to minimise the e�ect 

of factors in early life that would otherwise 
counteract the reduced immune activation 
resulting from a tolerogenic environment, 
all provide a rationale for the proposition 
that unique possibilities exist to facilitate 
eradication or remission of HIV in child-
ren. However, there are also speci�c obs-
tacles that narrow both the window of 
opportunity and the range of immunothe-
rapeutic interventions that can be used in 
children. In particular, the very poor levels 
of antiretroviral therapy adherence in 
adolescence, coupled with the normal onset 
of adolescence as early as 8 years and 9 years 
of age in females and males, respectively, 
e�ectively places a time limit on the age by 
which immunotherapeutic interventions 
need to be in place

 HIV and tuberculosis (TB) have 
always been faithful comrades facilitating 
each other in spreading across the globe.
 In the year 2014, an estimated 1.5 
million had died due to TB with a quarter 
of them caused by HIV. Pulmonary TB is 
the commonest form of TB even in HIV 
even though it is more frequently associated 
with dissemination locally and systemically, 
when the two infections coexist. �erefore, 
early diagnosis and prevention of pulmo-
nary TB, with suitable chemoprophylaxis 
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have become key components towards 
achieving the end TB strategy.
 �e aim should be to combine the 
ideal anti-tuberculosis treatment (ATT) 
with mutually compatible highly active 
antiretroviral therapy (HAART) combi-
nations to maximize e�cacy, avoiding 
drug–drug interaction. Despite wide 
spread scale up of antiretroviral therapy 
(ART), only about one-third (392,000 or 
77 % of the noti�ed TB cases known to be 
HIV infected) were put on antiretroviral 
therapy.
 When antiretroviral therapy is 
initiated in HIV infected subjects, a major 
complication that could arise is the onset of 
antiretroviral therapy related immune 
reconstitution in�ammatory syndrome or 
IRIS, requiring, early detection and prompt 
treatment.  [85, Rank 5]
 Estimated rates of TB among child-
ren with HIV also vary widely, partly 
depending on whether the study is taking 
place in a TB endemic area or not and on 
highly active anti-retroviral treatment 
(HAART) coverage in that area, but also 
due to the problems of reaching a de�nitive 
diagnosis of TB in children with HIV and 
under-ascertainment. In one large paediat-
ric HIV clinic in London, UK, there was an 
average of two children with HIV per year 
who presented with active TB over a 15 year 
period (18/328, 5.5% of HIV infected 

patients were treated for active TB) and in a 
US cohort of nearly 1500 HIV infected 
children, TB disease was found 3%, with an 
incidence of 0.61 per 100 child-years. In 
contrast, in high prevalence countries, the 
incidence of TB disease in HIV positive 
children is much higher. �us, in a South 
African retrospective study, incidence of TB 
disease was estimated to be 23 per 100 
child-years among HIV positive children 

Prevention become more widely available. 
As long as individuals continue to be expo-
sed to HIV, there will be a role for timely 
PEP. [72, Rank 4]
 Worldwide, 33.4 million people are 
now living with human immunode�ciency 
virus (HIV). About 2.7 million people were 
newly infected with the virus in 2008. �e 
total number of people living with HIV in 
2008 was more than 20% higher than the 
number in 2000, and the prevalence was 
roughly threefold higher than in 1990. 
During the late 1990s, after the introduc-
tion of combination antiretroviral therapy, 
the numbers of new acquired immunode-
�ciency syndrome (AIDS) cases and deaths 
among adults and adolescents declined 
substantially. In the United States, the Cen-
ters for Disease Control and Prevention's 
(CDC's) HIV prevention activities during 
the past two decades have focused on hel-
ping uninfected people at higher risk of 
acquiring HIV to change and maintain 
behaviors to keep them uninfected. Despite 
the success of these e�orts in reducing HIV 
incidence in the late 1980s and early 1990s, 
the number of new HIV infections was esti-
mated to be 55,400 per year for 
2003–2006.
 A wide range of e�ective interven-
tions is currently available to reduce trans-
mission of HIV/AIDS. However, most of 
these HIV prevention interventions focus 
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receiving HIV care. With increasing covera-
ge with ART, the incidence of TB has been 
decreasing, but remains substantially higher 
in HIV positive children than in the general 
paediatric population

 In the HIV-uninfected population, 
only around 10% of people infected with 
TB will develop TB disease. However, in 
HIV positive people, there is a 20-30 fold 
increased relative risk of developing TB 
disease from latent state compared with that 
in people without HIV, an increase that 
outweighs those of other risk factors such as 
malnutrition. �e mechanisms promoting 
susceptibility of people with HIV to TB 
disease are incompletely understood. 
 Studies have also shown that HIV 
positive individuals in high TB incidence 
regions have an increased risk of developing 
active TB in the �rst year after HIV 
seroconversion, i.e. with high CD4 T-cell 
counts. In addition, HIV positive indivi-
duals on antiretroviral therapy with high 
CD4 T-cell counts continue to have an 
increased risk of developing TB compared 
with uninfected controls. �is suggests that 
although the loss of cell-mediated immu-
nity with HIV disease progression is likely 
to be an important factor with respect to 

the increased risk of active TB associated 
with HIV, this is likely to be caused by mul-
tifactorial processes.
 Studies have demonstrated depletion 
of TB-speci�c CD4 T cells in peripheral 
blood and in the lung at early stages of HIV 
disease, suggesting that TB-speci�c adapti-
ve immunity may be especially susceptible 
to HIV-associated immune damage. �e 
essential role of CD4 T cells in generation 
of granulomas, and the depletion of such 
cells with HIV disease progression, may 
explain the increased risk of extra-pulmo-
nary TB (EPTB) in HIV-positive patients. 
 Furthermore, the failure of the decli-
ning CD4 T cell population to regulate and 
maintain granulomas is one of the mecha-
nisms proposed to be behind the increasing 
risk of re-activation disease in latently infec-
ted individuals with HIV. Turning to innate 
immunity, apoptosis or programmed cell 

on changing individual risk behaviors. 
Long-term, sustainable risk reduction may 
require taking into account factors that are 
external to the individual. HIV prevention 
programs need to address the contexts in 
which people live; that is, larger, external 
factors that may in�uence risk-taking beha-
viors. Very few of the available HIV preven-
tion interventions address larger structural 
or environmental factors that either facilita-
te or impede behavior change. �is article 
describes a process that was undertaken to 
identify a range of interventions that can be 
de�ned as structural, and to examine the 
feasibility of implementation and their 
perceived impact if implemented. It was 
proposed that such interventions could 
inform CDC policy development and 
potential program expansion.
 Social and economic factors as well as 
laws and policies a�ect the transmission and 
di�erential distribution of HIV/AIDS. �is 
perspective emphasizes social conditions as 
determinants of disease. Structural inter-
ventions promote health by altering the 
structural context within which health is 
produced. Structural interventions have 
been de�ned as HIV prevention interven-
tions that include physical, social, cultural, 
organizational, community, economic, 
legal, and policy factors. 
 Research has highlighted the role of 
structural factors that either facilitate 

behavior change or act as barriers to risk 
reduction. �ese factors either directly or 
indirectly a�ect an individual's ability to 
reduce the risk of getting infected or assist 
in changing behaviors. For example, stable 
housing for HIV-positive individuals was 
associated with changes in risk behaviors. 
Changes in housing status signi�cantly 
reduced the risks of drug use, needle use, 
needle sharing, and unprotected sex. Simi-
larly, uninterrupted insurance coverage, as a 
structural intervention, had shown strong 
and positive e�ects on the use of ambula-
tory care and antiretroviral therapy. 
 In recent years, conditional cash 
transfer programs have focused on changing 
health behaviors such as smoking cessation, 
weight loss, and, more recently, promotion 
of HIV/AIDS prevention. Examination of 
social and environmental factors that 
in�uence risks suggests that modifying 
these social environmental factors may faci-
litate risk reduction by the individuals and 
also provide justi�cation for developing 
intervention approaches tailored to speci�c 
determinants of risks. Successful structural 
and environmental public health interven-
tions in other domains include taxation on 
cigarettes, aswell as helmet and seat belt 
laws. Public policy may play a role in sha-
ping environmental outcomes to stem HIV 
transmission. [31, Rank 4]
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death of an infected macrophage is an 
important host immune response to TB 
infection. Recent work has suggested that 
in the context of HIV infection, apoptosis 
of alveolar macrophages is decreased, pos-
sibly due to raised IL-10 (an anti-in�amma-
tory cytokine) in the lung, which may be a 
mechanism behind the increased suscepti-
bility of those with HIV to TB. Genetic 
variants are also known to in�uence TB 
development in HIV positive patients. A 
recent case-control study in Brazil showed 
the novel association between certain 
in�ammasome gene polymorphisms (i.e. 
CARD8 genetic variants) and the develop-
ment of TB infection in HIV positive sub-
jects. [57, Rank 5]

the history of TB contact, clinical features 
suggestive of TB, positive tuberculin skin 
test (TST) ≥5mm are considered to be posi-
tive in HIV infected individuals, and sug-
gestive chest X-ray signs.
Paediatric TB and HIV have overlapping 
clinical manifestations, including fever, 
weight loss and lymphadenopathy, which 
combined with persistent cough, could lead 
to missed or late diagnosis, or alternatively a 
misdiagnosis of either infection or conco-
mitant infections with similar clinical featu-
res. TB generally has a more severe clinical 
presentation in HIV positive individuals 
than in those uninfected. �e risk of EPTB 
or disseminated TB is increased in HIV 
positive adults, particularly with low CD4 
T cell counts. 
 In a US study of HIV positive adults 
with extra-pulmonary TB, there was a 
signi�cantly increased risk of central 
nervous system, meningeal or disseminat-
ed TB disease compared to lymph node 
disease in those with severe immunosup-
pression (CD4 <100 cells/mm3). In the 
limited paediatric literature, studies have 
reported no signi�cant di�erences in the 
frequency of extra-pulmonary TB between 
HIV positive and negative children. Howe-
ver, others have suggested that HIV infec-
ted children with more advanced HIV 
disease are at higher risk of extra-pulmo-
nary TB and combination of extrapulmo- 

 WHO guidelines state that diagnosis 
of TB in an HIV positive child should 
follow the same approach as for HIV-unin-
fected children, with taking into account 

 �e total number of people living 
with HIV is estimated to be near 33.4 mil-
lion, with 97% living in low- and mid-inco-
me countries and 48% being women. Pre-
venting HIV infection and AIDS is a global 
priority, and a number of behavioral, bar-
rier, antiretroviral drug-based and vaccine 
approaches have been the subject of intense 
research. While antiretroviral treatment 
(ART) in HIV-infected individuals slows 
progression to AIDS and death, its bene�t 
at a population level is dependent on the 
availability of drugs and adherence to treat-
ment regimens. A safe, e�ective, and durab-
le vaccine is needed to stem the pandemic.
 �e development of an AIDS vac-
cine has faced many challenges over the 
past 25 years. Current AIDS vaccine can-
didates do not elicit broadly neutralizing 
antibodies capable of preventing infection 
by the vast diversity of HIV isolates. �e 
�rst test-of-concept trial of a cell-mediated 
immunity (CMI)-based vaccine did not 
show e�cacy and raised the concern that 
the vaccine might enhance the risk of infec-
tion for some vaccinees. Vaccine candidates 
in current trials are designed to induce 
HIV-speci�c cell-mediated immunity 
responses that could slow HIV replication, 
destroy HIV-infected cells, preserve 

immune memory, delay disease progres-
sion, and possibly prevent secondary trans-
mission by reducing the quantity of virus in 
body �uids (viral load). 
 Other HIV prevention modalities 
have shown promise. Prompt postexposure 
prophylaxis reduces the risk of transmission 
due to occupational or sexual exposure. 
Treatment of mother and/or child before 
and after childbirth has reduced the risk of 
mother-to-child transmission. Very recent-
ly, the �rst successful demonstration of pro-
tection by tenofovir-containing vaginal gel 
has provided proof-of-concept for topical 
microbicide pre exposure prophylaxis 
(PrEP). Tenofovir gel reduced HIV acquisi-
tion by an estimated 39% overall, and by 
54% in women with high adherence to the 
dosing regimen of before and after sexual 
exposure. 
 Furthermore, in some experiments, 
animals that became infected despite recei-
ving TDF as PrEP or PEP showed delayed 
onset of viremia and delayed seroconver-
sion, demonstrating that even in the case of 
incomplete protection against infection, 
PrEP or PEP may lead to attenuated acute 
infection (perhaps by allowing the immune 
system to gain some control of the virus). 
�e demonstrated e�cacy of tenofovir 
disoproxil fumarate in the treatment of 
HIV infection, the lack of reported serious 
safety problems associated with its use, its 
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nary and pulmonary TB disease. Overall, 
the clinical presentation of TB in HIV 
infected children, may depend on degree of 
immunocompromise, and with severe, 
disseminated forms more frequently found 
in patients with advanced HIV infection; 
however this link is less well reported than 
in adults.
 �e presence of HIV co-infection 
compounds the well-recognised challenges 
of reaching a de�nitive diagnosis in child-
ren with suspected TB. Although every 
e�ort should be made to obtain a microbio-
logically-con�rmed TB diagnosis in child-
ren, in reality this may only be achieved in a 
minority, re�ecting the paucibacillary 
nature of much childhood TB, the inability 
of young children to expectorate sputum, 
the di�culties of obtaining gastric aspirates 
and the low yield of such samples. Sputum 
induction with hypertonic saline was found 
to be safe and useful for microbiological 
con�rmation of pulmonary TB in both 
HIV positive and HIV negative children in 
a study: overall, 24% of children had a posi-
tive smear or culture for Mycobacterium 
tuberculosis and induced sputum (IS) 
samples had a three-times greater yield than 
gastric lavage (GA), with no di�erence in 
yield by HIV infection status. 
 �is was later evaluated in the com-
munity setting with 16.9% of clinically 
diagnosed TB cases con�rmed microbiolo-                

gically, highlighting the usefulness of this 
diagnostic 
 tool in the outpatient settings. Howe-
ver the need for electrical supply and special 
technical equipment, together with the 
high work load and infectious hazard are 
substantial obstacles for widespread use of 
this method. It is important to note that 
low rates of microbiological con�rmation 
in paediatric TB are in part due to low rates 
of obtaining the samples from children. For 
example, European Centre for Disease Pre-
vention and Control (ECDC) surveillance 
demonstrated that only 42% of children 
with TB reported to ECDC had mycobac-
terial cultures sent in 2000-2009, however 
of those who had their cultures sent, 40% 
were culture positive. It is important to hig-
hlight that every e�ort needs to be underta-
ken to collect samples from children with 
suspected TB for microbiological con�rma-
tion.
 Rapid polymerase chain reaction 
(PCR) tests, such as Xpert MTB/RIF (My-
cobacterium tuberculosis DNA and resist-
ance to rifampicin) assay, are increasingly 
used in children with TB and are recom-
mended by WHO as the initial diagnostic 
test in patients suspected of multi drug 
resistant TB or HIV/TB. �e test is an 
important advance in rapid detection of TB 
disease and detection of drug resistance. 
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 �e few prospective studies evalua-
ting it in children have showed that it is 
much more sensitive than microscopy, with 
sensitivity being reported from 75 to 90% 
on sputum samples and nearly 70% on 
gastric aspirates, with comparable perfor-
mance in HIV positive and HIV negative 
children. Although the sensitivity of Xpert 
MTB/RIF test is higher than microscopy, a 
substantial proportion of children with 
negative test had positive MTB cultures. 
Hence Xpert MTB/RIF test cannot be used 
to rule out TB, and MTB culture remains a 
necessary diagnostic tool.
 �e use of less or non invasive meth-
ods of sample collection, such as 
naso-pharyngeal aspirates (NPA) and 
stool samples for a PCR-based diagnostic 
test tests and MTB cultures is promising 
technique which was evaluated in HIV 
negative and HIV positive children. Small 
pilot studies in South Africa reported on 
Xpert MTB/RIF assay on stool in child-
hood TB. �e �rst study assessed Xpert on 
decontaminated stool sediment. It showed 
that stool Xpert was equally sensitive to the 
assay on GA, detecting 75% of children 
with intra-thoracic culture con�rmed TB. 
 In another pilot study, stool Xpert, 
which was performed directly on stool 
detected 47% culture-con�rmed TB (80% 
in HIV-infected children and 33% in 
HIV-uninfected children) compared to 

65% cases detected by Xpert on IS. �e 
study used small stool volumes, and the aut-
hors concluded that the sensitivity may be 
increased by an improved protocol. 
Another paediatric study from the South 
Africa compared Nasopharyngeal aspirate 
with induced sputum: the sensitivity of two 
Xpert MTB/RIF tests were comparable, 
however the culture yield from Nasop-
haryngeal aspirate was signi�cantly less 
than from induced sputum. Stool and Nas-
opharyngeal aspirate can be useful add on 
or alternative specimens in the settings 
where is unavailable. Urine lipoarabino-
mannan has been recently shown to be 
useful in diagnosing TB in severely immu-
nocompromised adults, detecting up to 
61% of culture-con�rmed TB cases with 
CD4<50 cells/mm3. �ere are no reported 
studies in children to date.
 With respect to tuberculin skin test 
there is a high rate of false negative results in 
HIV positive children. In a study in Cape 
Town, among nearly 300 paediatric TB 
cases, those with HIV were signi�cantly less 
likely to have a positive TST than those 
HIV negative (36% versus 59%). In a 
further study among HIV-infected children 
with culture-con�rmed TB, only 56% had 
a positive TST (tuberculin skin test). �ere 
is considerable discrepancy between current 
recommendations on use of interferon-γ 
release assays (IGRA) and tuberculin skin 
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test in diagnosis of TB infection and TB 
disease in children. 
 A systemic review and meta-analysis 
on interferon-γ release assays in childhood 
tuberculosis showed improved speci�city of 
interferon-γ release assays compared with 
tuberculin skin test and similar accuracy 
between interferon-γ release assays and 
Tuberculin skin test in detection of TB 
infection or TB disease; however the tests 
showed high level of discordant results and 
had lower sensitivity for HIV positive child-
ren. In a recent South African study compa-
ring performance of the tuberculin skin test 
and interferon-γ release assays in children 
recruited from hospital outpatient settings, 
while the proportion with a positive 
tuberculin skin test did not vary according 
to HIV infection status, HIV positive child-
ren were signi�cantly less likely to have a 
positive interferon-γ release assays than 
HIV negative children after adjusting for 
degree of TB exposure; in addition, HIV 
negative children had an increasing pro-
bability of a positive tuberculin skin test 
with increasing age compared to HIV posi-
tive children, after adjusting for degree of 
TB exposure, Bacillus Calmette–Guérin 
(BCG) vaccination, malnutrition and past 
TB. 
 �e authors concluded that caution 
is needed in interpreting interferon-γ rele-
ase assays results in the context of HIV 

infection, given their �ndings that the test 
performance compared with tuberculin 
skin test is di�erentially a�ected by age and 
HIV infection. Some studies demonstrated 
that enzyme-linked immunospot assay is 
more sensitive than tuberculin skin test in 
detection of active TB in HIV positive 
children however the sensitivity was not 
su�ciently high to rule out active TB.
 Although in adults with TB and HIV, 
particularly those with severe immunode-
�ciency, there may be atypical chest X-ray 
�ndings, the limited studies in children 
have not identi�ed key di�erences in the 
radiological presentation of TB according 
to HIV status. HIV positive children                             
may frequently have other respiratory 
opportunistic infections such as Pneu-
mocystis jirovecii pneumonia, lymphoid 
interstitial pneumonitis or other bacterial 
or viral pneumonias, which can further 
complicate diagnosis of pulmonary TB, for 
example, due to similar clinical or radiolo-
gical manifestations. However, the presence 
of one such opportunistic infection does 
not preclude concurrent infection with 
another, and the challenge is to identify all 
respiratory infections present and to treat 
appropriately. [44, Rank 3]

vaccine development based on exploiting 
the immune vulnerabilities of the virus 
during the early stage of infection. Alt-
hough neither of these vaccine strategies is 
su�ciently optimized for clinical use in 
their current form, it is not unreasonable to 
suggest that both empirical optimization 
and rational design can improve the e�cacy 
of each approach, and that the combination 
of these disparate and independent 
approaches might result in additive or 
potentially synergistic increases in overall 
e�cacy. 
 �e RV144 vaccine approach might 
be empirically improved by optimization of 
priming vectors and their env inserts and 
the env protein immunogens used in the 
boost, as well as the use of more potent 
adjuvants with the protein boost. Obvious-
ly, novel immunogens derived from structu-
re-function analysis of broadly neutralizing 
monoclonal antibodies could be incorpora-
ted into these antibody-targeted 
prime-boost designs as they are shown to be 
e�ective. �is optimization might be 
accomplished using both NHP models and 
adaptive clinical trial. [25, Rank 2]
 Given variability in the magnitude, 
quality and duration of vaccine-elicited 
immune responses in humans and both the 
immune evasion capabilities and diversity 
of HIV, it is unlikely that any single vaccine 
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infection, given their �ndings that the test 
performance compared with tuberculin 
skin test is di�erentially a�ected by age and 
HIV infection. Some studies demonstrated 
that enzyme-linked immunospot assay is 
more sensitive than tuberculin skin test in 
detection of active TB in HIV positive 
children however the sensitivity was not 
su�ciently high to rule out active TB.
 Although in adults with TB and HIV, 
particularly those with severe immunode-
�ciency, there may be atypical chest X-ray 
�ndings, the limited studies in children 
have not identi�ed key di�erences in the 
radiological presentation of TB according 
to HIV status. HIV positive children                             
may frequently have other respiratory 
opportunistic infections such as Pneu-
mocystis jirovecii pneumonia, lymphoid 
interstitial pneumonitis or other bacterial 
or viral pneumonias, which can further 
complicate diagnosis of pulmonary TB, for 
example, due to similar clinical or radiolo-
gical manifestations. However, the presence 
of one such opportunistic infection does 
not preclude concurrent infection with 
another, and the challenge is to identify all 
respiratory infections present and to treat 
appropriately. [44, Rank 3]

 An examination of the lifecycle of 
HIV-1 informs the discussion of new 
approaches to antiretroviral therapy (ART), 
in the context of the array of small molecule 
inhibitors that already provide remarkably 
e�ective treatment for HIV-1 infection. 
HIV infection is characterized by cycles of 
virus production and reinfection, a process 
that occurs optimally within activated 
CD4+ T lymphocytes. Viral expression 
begins with the transcription and transla-
tion of early, regulatory viral gene products 
from the integrated proviral genome within 
the infected cell. �is leads to a cascade of 
expression of late, structural viral proteins, 
and the assembly and budding of infectious 
viral particles. 

 Antiretroviral drugs can be divided 
into classes based on their antiviral mo-
lecular mechanism (as shown in Table  2)
 Virions spread within the host to 
infect new, susceptible target cells. �e 
process of infection can occur directly by 
cell-to-cell spread in vitro, but how often 

this occurs in vivo is unknown. Predomi-
nantly, HIV particles enter new host cells 
via direct contact across the “immunolo-
gical synapse” of an infected cell apposed to 

 An e�ective intervention should be 
available, and the distress and subsequent 
investigation caused by a positive test 
result must be outweighed by the bene�t of 
early treatment. 
 Several issues should be considered 
with respect to screening for asymptomatic 
neurocognitive impairment. For a test to be 
clinically useful the disease must have a 
well-de�ned early stage that would progress 
to a more severe stage without intervention. 
Since no e�ective therapy for asymptomatic 
neuro-cognitive impairment other than 
antiretroviral therapy has been identi�ed, 
the bene�ts of screening asymptomatic 
patients who have normal daily functioning 
and are already taking antiretroviral therapy 
are debatable, particularly because no single 
screening method seems to be adequately 
sensitive and speci�c enough to diagnose 
asymptomatic neurocognitive impairment 
in all clinical settings. 
 In many patients, asymptomatic neu-
rocognitive impairment is not progressive; 
for instance, around half of individuals with 
any HIV-associated neurocognitive disor-
der �uctuate in cognitive functioning over 
time, with improvement from HIV-associa-
ted neurocognitive disorder to unimpaired 

cognitive function occurring as frequently 
as deterioration. �is variability might be 
due to true �uctuations in pathological 
processes, perhaps re�ecting varying deg-
rees of HIV replication in the central ner-
vous system, or might re�ect limitations of 
the neuro-psychological tests. Importantly, 
whether or not the poor outcomes reported 
for those diagnosed with asymptomatic 
neurocognitive impairment are driven 
primarily by HIV, by comorbidities, or by 
both is unclear.
 Identi�cation of patients who have 
early-stage impaired cognitive function 
might have some merit, so that risk factors 
can be controlled, treatment adjusted, and 
disease progression monitored. Changes to 
antiretroviral drug regimens based on distri-
bution into the nervous system, monocyte 
activation, or neurotoxicity have been posi-
ted in the treatment of asymptomatic neu-
rocognitive impairment, but randomised 
clinical trials to support these or other inter-
ventions, such as exercise or cognitive 
rehabilitation, have not been done. 
 As a result there is no strong consen-
sus on the best course of action for patients 
who are taking adequately suppressive anti-
retroviral therapy and are diagnosed with 
asymptomatic neurocognitive impairment, 
and there is no widely accepted therapeutic 
framework in which to change antiretrovi-
ral therapy on the basis of di�erences in the 
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Challenges of Current 
Antiretroviral �erapy 

and HIV Prognosis

Persistent HIV Infection 
Despite E�ective Treatment

Nucleoside 
Reverse 
Transcriptase 
Inhibitors(NRTIs)

Abacavir Emtricitabine
Zidovudine
Tenofovir disoproxil 
fumarate

Non-Nucleoside 
Reverse Tran-
scriptase Inhibi-
tors (NNRTIs)

Efavirenz
Doravirine
Nevirapine
Etravirine

Protease Inhibi-
tors (PIs)

Atazanavir
Darunavir
Ritonavir
Fosamprenavir

Fusion Inhibitors Enfuvirtide

CCR5 Antagonists Maraviroc

Integrase Inhibitors

Attachment 
Inhibitors

Post-Attachment 
Inhibitors Ibalizumab-uiyk

Pharmacokinetic 
Enhancers

Cobicistat

Epzicom
Symtuza
Trizivir
Biktarvy

Combination 
HIV Medicines

Raltegravir
Dolutegravir

Fostemsavir

ANTIRETROVIRAL DRUGS

1

2

3

4

5

6

7

8

9

10

Table 2: Antiretroviral Drugs



a target cell, or once the budded virion has 
travelled free from the producer cell. In 
either case, the HIV particle �rst engages 
the CD4 receptor in a weak interaction 
with the HIV envelope glycoprotein that 
docks the virion at the target cell. �en a 
second interaction of HIV envelope with a 
cellular chemokine receptor, principally the 
C-C chemokine receptor         type 5  recep-
tor, induces a conformation shift in the 
HIV envelope structure that allows a fusion 
event to occur between the viral and cellular 
membranes.
 Viral fusion with the target cell 
membrane then allows the deposition of the 
viral nucleocapsid within the newly infec-
ted cell, which delivers the HIV genome in 
its RNA form, along with molecules of 
HIV reverse transcriptase (RT) and integra-
se, in the cellular cytoplasm. HIV reverse 
transcriptase then co-opts cellular nucleosi-
des and directs transcription of viral RNA 
into double-stranded linear DNA copies of 
the HIV genome. Viral integrase then 
forms a pre-integration complex with the 
HIV DNA and travels through nuclear 
pores to �nd a site for integration into the 
host genome. �is is a vulnerable time for 
the infection process, as reverse transcrip-
tion of the HIV genome must be complete 
and accurate in the face of the host apoli-
poprotein B mRNA editing enzyme, 
catalytic polypeptide-like (ApoBEC) 

factors, which induce hypermutation of the 
incoming viral RNA genome as it is rever-
sed transcribed in to viral DNA. Further, 
the new viral DNA genome must rapidly 
achieve successful integration before it falls 
prey to degradation by host nucleases, or 
anneals in an auto-ligation event that 
recreates a dead-end circular viral genome.
 HIV infection is then irreversibly 
established within the new target cell by a 
surviving viral genome that has entered the 
host genome without being marked by 
lethal hypermutation. Viral gene expression 
may then proceed in the cascade that leads 
to production of a new swarm of virions, or 
the viral genome may lapse in to a state of 
latency. Overall, while the establishment 
of durable viral latency is a rare event 
and robust viral expression may ensue in 
most cells immediately following infec-
tion, a signi�cant number of newly infected 
cells—perhaps those infected while in a less 
activated state—may express viral particles 
after a delay or over a prolonged period of 
time.
 Viral replication leads, directly or 
indirectly, to the loss of CD4+ T cells and 
immune dysfunction. Poised to interrupt 
this relentless process that gradually leads to 
fatal immunode�ciency in most infected 
humans, is an arsenal of more than three 
dozen Food and Drug Administra-
tion–approved drugs and co-formulations 

estimated e�cacy or toxicity of antiretrovi-
ral drugs in the central nervous system. A 
remaining important consideration is the 
impact of the screening process on patients; 
informing an asymptomatic individual that 
he or she has cognitive impairment could 
cause psychological distress. For these reas-
ons, routine cognitive screening for asymp-
tomatic neurocognitive impairment has not 
yet been widely adopted in the clinic. [15, 
Rank 4]
 Compared to urban areas, there were 
relatively few factors associated with survi-
val for rural areas. Of note, there were no 
signi�cant racial/ethnic di�erences in survi-
val in the rural areas, although there were in 
the urban areas, where non-Hispanic blacks 
and to a lesser extent Hispanics were disad-
vantaged relative to non-Hispanic whites. 
One possible explanation is that income 
inequalities among racial/ethnic groups 
may be smaller in rural areas than in urban 
areas, but these data were not available for 
analysis. 
 Older age at the time of diagnosis, on 
the other hand, was associated with lower 
survival in both areas, as has been reported 
in other studies. Not surprisingly, in both 
areas, diagnosis during earlier time periods 
was associated with lower survival, which is 
to be expected given the signi�cant 
advances in HIV/AIDS treatment. Having 
an unknown transmission category was also 

94

® Prevention, Prevalence and Treatment of HIV AIDS



available for treatment of HIV-1 infection. 
�e vast majority of HIV-infected people 
on antiretroviral therapy around the world 
receive combination therapy using drugs 
from the �rst three classes that target the 
viral Reverse transcriptase, integrase, or 
protease enzymes. �ese widely used inhibi-
tors target the HIV lifecycle after viral entry 
and before viral particles are expressed (N-
NRTIs, NRTIs, and integrase and protease 
inhibitors).
 Once combination Antiretrovirals 
(cART) is employed in a combination 
potent enough to ablate ongoing viral rep-
lication and prevent the emergence of drug 
resistance, an event documented clinically 
by the suppression of plasma viremia to 
fewer than 50 copies of HIV-1 RNA/µl, 
immune recovery often ensues, and 
AIDS-related clinical events become rare. 
�e ongoing implementation of antiretro-
viral therapy throughout the world has been 
one of the greatest success stories of modern 
medicine. However, current antiretroviral 
therapy has burdens that include the cost of 
drugs and medical care, adherence to life-
long therapy, the potential for the emer-
gence of drug-resistant HIV if adherence is 
not maintained, and the potential 
long-term toxicities of small-molecule 
drugs.It is in this context that we may con-
sider the possible bene�ts and challenges of 
humoral Antiretrovirals using broadly 

neutralizing anti-HIV antibodies (bnAbs). 
�erapy with bnAbs uniquely targets the 
viral lifecycle at its two poles: viral entry and 
viral particle expression. Of note, these two 
stages of HIV-1 lifecycle can be targeted by 
monoclonal antibodies (mAbs) recognizing 
the CD4 inducible (CD4i) constant region 
1 and 2 (C1/C2) and the gp41 cluster I 
region that are non-neutralizing Abs 
(non-nAb). �erefore, both bnAbs and 
non-nAbs can be used to generate molecu-
les that can target infected cells. While 
fusion inhibitors and coreceptor antago-
nists block viral entry, these drugs have thus 
far found limited use in the clinic. Fusion 
inhibitors have not gained traction in the 
clinic largely due to manufacturing cost and 
the challenges of frequent subcutaneous 
injection required for their use. Coreceptor 
antagonists, mAbs, and mAb-based mo-
lecules share the potential bene�t of bloc-
king infection at an early stage, which pre-
vents the transcription of viral DNA or viral 
proteins within the target cells, though 
clinical data has yet to bear this out. [90, 
Rank 2]
 HIV-1 infection remains incurable 
despite the maintenance of viremia suppres-
sion, the prevention of drug resistance, and 
durable clinical bene�ts of standard antiret-
roviral therapy. Persistent HIV infection 
despite antiretroviral therapy is also marked 
by mild but persistent abnormalities of the 

 In Washington, health care providers, 
health care facilities, clinical laboratories, 
veterinarians, and others have responsibili-
ties for reporting suspected or con�rmed 
cases of certain conditions under public 
health surveillance. Included are speci�c 
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immune system, and broadly neutralizing 
antibodies might contribute to e�orts to 
eradicate infection, or more fully resolve the 
e�ects of HIV infection on immune 
function
 Latent and persistent infection by a 
small population of quiescent, replica-
tion-competent proviruses is founded 
within a long-lived population of memory 
T cells, capable of reigniting new rounds of 
infection if therapy is interrupted. �is 
latent pool of virus is established within 
days of infection and is una�ected by the 
antiviral immune response or current the-
rapy. �e latent pool is maintained in part 
by the quiescent state of the infected cell, 
the enforcement of proviral latency by host 
cellular factors, and the long lifespan of 
such cells. Homeostatic proliferation of 
latently infected cells may also contribute to 
latent infection. HIV DNA integrants are 
enriched in or near host genes associated 
with cell cycle control, suggesting that the 
integration of HIV-1 into such sites could 
lead to proliferation of these latently infec-
ted cells. 
 Although one study examining a 
limited number of integrants suggests that 
these proliferating integrants are defective, a 
recent clinical observation calls this conclu-
sion into question. Should rare latently 
infected cells transiently display viral pro-
teins while undergoing proliferation,  

anti-HIV antibodies with antibody-depen-
dent cell-mediated cytotoxic (ADCC) acti-
vity could allow clearance of these persis-
tently infected cells. Indeed, some evidence 
suggests that residual viremia observed with 
suppressive ART may originate from viral 
species in the resting CD4+ T cell reservoir.
 �e potential contribution of resi-
dual virus replication despite ongoing ART 
remains controversial in some quarters. 
Multiple controlled studies of therapy 
intensi�cation have failed to demonstrate 

Laboratories:
For HIV, positive Western blot assays, p24 
antigen or viral culture tests are noti�able 
within 2 workdays to Public Health-Seattle 
& King County (PHSKC) for labs in King 
County and the Washington State Depart-
ment of Health (DOH) for labs outside of 
King County. All results, whether they are 
positive or not detectable, on HIV nucleic 
acid tests (RNA or DNA) are noti�able on 
a monthly basis. All CD4+ absolute counts 
and percentage of total lympocytes compri-
sed by CD4+ lymphocytes are noti�able on 
a monthly basis. 
Local health jurisdictions: 
Noti�able to Washington Department of 
Health within 7 calendar days of case inves-
tigation completion or summary informa
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an e�ect of any of the current antiretroviral 
agents on low-level viremia, suggesting that 
such viremia is generated by cells infected 
prior to the implementation of therapy, and 
not through residual replication. Two stu-
dies of integrase inhibitor intensi�cation 
found transient changes in forms of HIV 
2-LTR DNA or reductions in immune acti-
vation. And one study found HIV sequence 
evolution within lymph node tissue in 
patients treated for 6 months, a relatively 
short period of time after initiating antiret-
roviral therapy. However, other studies 
found no evidence of viral evolution in 
plasma or tissues following years of suppres-
sion of viremia. If Broadly neutralizing 
antibodies can provide a novel and 

 It is important to address modi�able 
factors that contribute to the risks of adverse 
pregnancy outcomes for all women and pose 
additional risks for women with HIV. 

 About 40% of persons with HIV are 
current smokers in contrast to 19% of 
adults in the US. Among persons with HIV 
who are in care, data indicate that about half 
drink alcohol, and while statistics vary, stu-
dies indicate that alcohol abuse or depen-
dence is a common problem. Alcohol con-
sumption has been linked to increased 
HIV disease progression and reduced 
adherence to antiretroviral therapy. Alt-
hough the majority of women become 
HIV-infected through sexual contact, 12% 
of Black African/American and Latino 
women and 25% of white women acquire 
HIV through injection drug use. Studies 
have shown that alcohol and drug use are 
associated with risky sexual behaviors that 
can contribute to acquisition of sexually 
transmitting infections or transmission of 
HIV. A study using the Enhanced Perinatal 
Surveillance system in 15 US jurisdictions 
for birth years 2005 through 2008 found 
that women with HIV who abused subs-
tances (smoking, alcohol, or drugs) were 
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twice as likely to have an infected infant 
compared to women who did not.
 Tobacco, alcohol, and drug abuse are 
all associated with poor maternal health but 
are also associated with adverse pregnancy 
and fetal outcomes if mother is HIV infec-
ted. In an analysis of hospital discharge 
records linked to birth records from the state 
of Florida for 1998–2007, cigarette use and 
maternal HIV status were independent pre-
dictors of LBW, preterm birth, and small for 
gestational age (SGA), with the greatest 
risks, approximately a two-fold increase, 
among mothers who were HIV positive and 
smoked during pregnancy.

 Central nervous system involvement 
in HIV infection is a major public health 
issue in resource-poor settings; however, in 
this Review we focus on HIV-associated 
neurocognitive disorders in populations 
with access to antiretroviral therapy. 
Cross-sectional studies show that HIV-as-
sociated neuro-cognitive disorders are 
common in industrialised countries with 
widely available antiretroviral therapy. �e 
largest and most detailed study to examine 
cognitive impairment in HIV is the Central 
nervous system HIV Anti-retroviral �erapy 
E�ects Research (CHARTER) cross-sectio-
nal cohort study that showed cognitive 
impairment in 814 (52%) of 1555 
HIV-seropositive patients. 
 �is cohort was selected to re�ect the 
HIV-seropositive population receiving 
treatment in clinics and as such included all 
causes of impaired cognitive function that 
occur in people with HIV. Among the 843 
people in this cohort who had minimally 
confounding neuropsychiatric disorders 
(unrelated to HIV infection) 40% met the 
criteria for impaired cognitive function. 
Several other studies estimate the prevalence 
of HIV-associated neurocognitive disorders 
in patients with access to ART as 20–50%, 
and some studies estimate that it is as high 

 Opiate-dependent HIV clients have a 
signi�cant increase in neurobehavioral 
de�cits, and increased mortality. Cocaine 
use signi�cantly increases risk of preterm 
birth, low birth weight, miscarriage, placen-
tal abruption, obstetrical and neonatal 
complications, including preeclampsia, low 
birth weight, neonatal withdrawal. If 
Associated with HIV it shows a double risk 
to the mother and child. Identifying and 
addressing both legal and illicit substances 
of abuse is critical to deal with prior to 
conception whenever possible. [58, Rank 3]

98

® Prevention, Prevalence and Treatment of HIV AIDS

Opioid dependency

Neurocognitive Disorders



as 69%.�is wide range in prevalence esti-
mates has resulted in uncertainty about the 
actual prevalence of cognitive impairment 
due to HIV pathology in populations with 
access to ART.
 Several factors might predispose 
HIV-seropositive individuals to cognitive 
impairment. Cerebrovascular disease can 
result from the metabolic and systemic 
e�ects of HIV and Central nervous system 
on endothelial function and cardiovascular 
risk factors. �ese mechanisms might 
become increasingly important as the 
HIV-seropositive population ages. Hepati-
tis C infection is associated with cognitive 
dysfunction independently of HIV infec-
tion, and this e�ect is compounded in 
patients with HIV. Patients with HIV and 
hepatitis C co-infection are almost twice as 
likely to have cognitive impairment as 
HIV-seropositive individuals without hepa-
titis C infection. �e use of psychoactive 
drugs, particularly methamphetamine, has 
deleterious e�ects on cognition, which is 
more pronounced when combined with 
HIV infection. [69, Rank 5]
 Cognitive changes related to ageing 
might be compounded by HIV infection, 
and low educational level can contribute to 
poor cognitive function. Mood disorders 
might masquerade as, or be caused by, cog-
nitive impairment. �e extent to which each

factor contributes to the prevalence of cog-
nitive impairment in various populations is 
unclear.
 Immunosuppression before ART is 
initiated, as estimated by the nadir CD4+ 
T-cell count, is strongly associated with cog-
nitive impairment. �is might be due to 
irreversible nervous system injury before 
treatment, a so-called legacy e�ect. Alterna-
tively there might be a process of immune or 
glial cell activation that occurs during 
advanced immunosuppression, which per-
sists after treatment and immune recovery. 
 Comorbidities are important to con-
sider in the clinical assessment of HIV-posi-
tive individuals with cognitive impairment 
and in studies of HIV-associated neuro cog-
nitive disorders. Risk factors, such as a low 
nadir CD4+ T-cell count, are potentially 
preventable, whereas others, such as depres-
sion and systemic HIV replication might be 
amenable to treatment. Although comorbi-
dities are linked with impaired cognitive 
function, they are not strictly the underlying 
cause of HIV-associated neuro cognitive 
disorders. �e widely used research classi-
�cation, the Frascati criteria, proposed the 
terms asymptomatic neurocognitive impair 
ment and mild neuro cognitive disorder to 
characterise the neuro cognitive de�cits in 
patients with mild HIV-associated neu-
rocognitive disorders and state that the 
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 HIV usually a�ects the peripheral 
neurologic system as neuropathy - distal 
sensory polyneuropathy-or radiculopathy. 
�ese conditions may be exacerbated by 
antiretroviral drug use or other conditions 
such as diabetes. Polyradiculopathy may 
also be caused by cytomegalovirus in 
patients with AIDS. Patients with distal 
sensory polyneuropathy generally present 
with symptoms of paresthesia, dysesthesia, 
or numbness of the bilateral extremities, 
whereas patients with lumbosacral radiculo-
pathy typically experience radiating back 
pain, occasional asymmetric leg weakness, 
sacral or lower extremity sensory loss, and 
possible bowel or bladder dysfunction. Stu-
dies estimate that up to 50 percent of 
patients with HIV infection have concur-
rent chronic psychiatric and substance use 
disorders. Such conditions are not directly 
related to infection, but occasionally decrea-
se quality of life and interfere with treat-
ment adherence. �erefore, many HIV 
clinics routinely screen for these conditions 
at the initial visit and at regular intervals 
thereafter

 Higher rates of myocardial infarction 
and atherosclerosis are seen in patients with 
HIV infection. HIV appears to indepen-
dently increase the risk of cardiovascular 
disease via elevated cytokine levels, chronic 
vascular in�ammation, and endothelial 
dysfunction. Virally mediated vascular 
e�ects may then be compounded by lipid or 
metabolic changes caused by infection and 
antiretroviral use. In addition, some experts 
suggest that extra attention be paid to cur-
rent and previous antiretroviral exposure 
(i.e., abacavir, protease inhibitors) when 
evaluating patients for cardiovascular 
disease. 
 Other HIV-associated cardiac comp-
lications - cardiomyopathy, myocarditis, 
and pericarditis are still reported, although 
their incidence has decreased as 

diagnosis is possible only if cognitive 
impairment is not explained by comorbidi-
ties. [53, Rank 3]
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Figure 30: Signs of Neuropathic complications in HIV


