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Abstract

Introduction: Globally, prosecutions for non-disclosure, exposure or transmission of HIV frequently relate to sexual activity, biting,
or spitting. This includes instances in which no harm was intended, HIV transmission did not occur, and HIV transmission was extre-
mely unlikely or not possible. This suggests prosecutions are not always guided by the best available scientific and medical evidence.
Discussion: Twenty scientists from regions across the world developed this Expert Consensus Statement to address the use
of HIV science by the criminal justice system. A detailed analysis of the best available scientific and medical research data on
HIV transmission, treatment effectiveness and forensic phylogenetic evidence was performed and described so it may be bet-
ter understood in criminal law contexts. Description of the possibility of HIV transmission was limited to acts most often at
issue in criminal cases. The possibility of HIV transmission during a single, specific act was positioned along a continuum of risk,
noting that the possibility of HIV transmission varies according to a range of intersecting factors including viral load, condom
use, and other risk reduction practices. Current evidence suggests the possibility of HIV transmission during a single episode
of sex, biting or spitting ranges from no possibility to low possibility. Further research considered the positive health impact of
modern antiretroviral therapies that have improved the life expectancy of most people living with HIV to a point similar to
their HIV-negative counterparts, transforming HIV infection into a chronic, manageable health condition. Lastly, consideration
of the use of scientific evidence in court found that phylogenetic analysis alone cannot prove beyond reasonable doubt that
one person infected another although it can be used to exonerate a defendant.

Conclusions: The application of up-to-date scientific evidence in criminal cases has the potential to limit unjust prosecutions
and convictions. The authors recommend that caution be exercised when considering prosecution, and encourage governments
and those working in legal and judicial systems to pay close attention to the significant advances in HIV science that have
occurred over the last three decades to ensure current scientific knowledge informs application of the law in cases related to
HIV.
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1 | INTRODUCTION

HIV Justice Network, 2018). These laws and prosecutions have
not always been guided by the best available scientific and medi-

At least 68 countries have laws that specifically criminalize HIV
non-disclosure, exposure, or transmission. Thirty-three countries
are known to have applied other criminal law provisions in similar
cases (Unpublished data, HIV Justice Network, 2018). Most
prosecutions have related to perceived risk of HIV acquisition
associated with sexual activity but prosecutions have also
occurred for acts such as biting and spitting (Unpublished data,

cal evidence [1], have not evolved to reflect advancements in
knowledge of HIV and its treatment, and can be influenced by
persistent societal stigma and fear associated with HIV [2]. HIV
continues to be singled out, with prosecutions occurring in cases
where no harm was intended; where HIV transmission did not
occur, was not possible or was extremely unlikely; and where
transmission was neither alleged nor proven [1,3].
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In this context, 20 HIV scientists with expertise in scien-
tific research, epidemiology, and patient care from regions
across the world developed this Consensus Statement,
prompted by concern that criminal law is sometimes applied
in a manner inconsistent with contemporary medical and sci-
entific evidence: including overstating both the risk of HIV
transmission and also the potential for harm to a person’s
health and wellbeing. Such limited understanding of current
HIV science reinforces stigma and may lead to miscarriages
of justice. It may also undermine efforts to address the HIV
epidemic [4]. The Consensus Statement has been endorsed
by additional scientists from across the globe (See Supple-
mentary Material S1), and by the International AIDS Society,
the International Association of Providers of AIDS Care and
the Joint United Nations Programme on HIV/AIDS. An Exec-
utive Summary of this Statement is included as Supplemen-
tary Material S2.

This Consensus Statement aims to assist scientific experts
considering individual criminal cases in which HIV non-disclo-
sure, (perceived or possible) exposure, or transmission has
been alleged. It provides expert opinion regarding individual
HIV transmission dynamics (i.e. the “possibility” of transmis-
sion), long-term impact of chronic HIV infection (i.e. the “harm”
of HIV), and the application of phylogenetic analysis as evi-
dence. It describes the possibility of HIV transmission
between individuals who have engaged in a specific act at a
specific time under specific circumstance, as that is usually the
focus of criminal cases, and aims to communicate current sci-
entific evidence relating to HIV in a manner understandable
to a non-scientific audience. The Consensus Statement has
been translated into French, Russian and Spanish (See Supple-
mentary Material S3-S5).

2 | DISCUSSION

The first part of this Statement focuses on the possibility of
HIV transmission during specific acts that are commonly con-
sidered in prosecutions: sexual activity, biting or spitting [3]. It
does not reference other ways HIV may be transmitted, for
example, through blood transfusion, needle stick injury, inject-
ing drugs or breastfeeding.

An initial meeting in Seattle (February 2017) decided the
contents and framing of this Consensus Statement. A detailed
literature review was prepared based on a search for litera-
ture published in English using the PubMed online database
up to April 2017. Specific search terms relating to the possi-
bility of HIV transmission were used, including “HIV and viral
load, “HIV sexual transmission risk per act, “oral sex HIV
transmission,” “anal sex HIV transmission,” “vaginal sex HIV
transmission condom per act, “anal sex HIV transmission con-
dom per act” and “anal sex HIV transmission circumcision per
act” Key articles were used to search for related articles.
Preference was given to meta-analyses, reviews and important
studies. Other sources were identified by the expert authors.
Abstracts from scientific conferences were used as appropri-
ate.

The authors next engaged in multiple rounds of drafting
and review, considering the best available scientific and medi-
cal research data according to the following hierarchy: system-
atic review of randomized clinical trials; randomized clinical

trials; and comparative studies (i.e. cohort studies, case—
control studies and historical control studies). Two teleconfer-
ences were held to discuss a preliminary draft, followed by
three rounds of redrafting via electronic correspondence by
all authors. National and international legal experts, including
UNAIDS staff members, were consulted on the application of
the criminal law in cases involving HIV. A second face-to-face
meeting was convened in Paris (July 2017) to resolve out-
standing data analysis issues. Further rounds of comment and
redrafting were undertaken by the authors to ensure agree-
ment that the Consensus Statement accurately relayed cur-
rent scientific research related to HIV transmission, harms
and the use of scientific evidence in court.

The authors considered numerical findings and statistical
estimates from all studies cited herein, including data sum-
maries from reports presented in systematic or table form
(for example, the works of Patel et al. [5]). Evidence establish-
ing estimates of the possibility of HIV transmission through
different acts varies in both type and quality; the authors fac-
tored these considerations into their assessment of the possi-
bility associated with different acts. The authors considered
that the evidence regarding transmission via different acts
falls into three categories (Table 1).

When describing the evidence, the authors aimed to use
scientific concepts in ways that are helpful in the context of
criminal law. For example, the statistical concept of confidence
intervals is designed to address uncertainty inherent in results
derived from sampling a subset of a population. When dealing
with probabilities that are or approach zero, confidence inter-
vals take on special significance because the fact that some-
thing was not observed to happen during a study cannot
prove that it could never happen. The larger the study, the
more precisely the authors can estimate that the probability is
zero. Consequently, a zero probability calculated from study
data is associated with a confidence interval from zero to a
small, positive probability. It is important that calculations of
confidence intervals are not misinterpreted to exaggerate
remote theoretical possibilities.

Table 1. Quality scale for evidence regarding the possibility of
HIV transmission

Specific acts Examples

Acts for which the transmission Acts such as vaginal or anal
possibility can be estimated with Sex.
some degree of certainty because
multiple cohort studies have been
undertaken.

Acts for which transmission Acts such as oral sex or
possibility can be estimated with transmission via pre-ejaculate
less certainty from isolated case fluid.
reports, biological plausibility or
mathematical models.

Acts for which it is biologically Acts such as spitting.

implausible for transmission to

occur as the conditions required

for transmission are not present.
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Table 2. Defining the possibility of HIV transmission during a
single, specific act

Terminology for this

statement Possibility of transmission per act

Low possibility Transmission during a single act is possible
but the likelihood is low.

Negligible possibility ~ Transmission during a single act is extremely
unlikely, rare or remote.

No possibility The possibility of transmission during a single
act is either biologically implausible or

effectively zero.

Consideration of the methodology and results of studies
cited in this Consensus Statement informed the development
of three descriptors located along a continuum to describe
the possibility of HIV transmission during a single, specific act
(Table 2).

Importantly, this Consensus Statement is not intended as a
public health document to inform HIV prevention, treatment
and care messaging or programming. Its approach, based on
individual-level risk which may be applied in criminal justice
settings, differs from descriptions of population-level risks that
are used in the context of public health, which often describe
sexual acts as ranging from “low risk” to “high risk” The differ-
ences between the public health descriptors and those used
in this Consensus Statement reflect both history and context.
First, public health definitions used to describe HIV transmis-
sion risk were developed during the early days of the HIV epi-
demic, before the emergence of recent evidence on HIV
transmission. Second, they describe relative risk (not absolute
risk) as a means to help people reduce the possibility of HIV
transmission by comparing different acts.

Although the simplicity of such public health terminology
was originally intended to support effective, broad-based pub-
lic health education campaigns for HIV prevention, its general-
ized categories now pose real problems for those developing
current HIV health promotion messaging based on up-to-date
scientific evidence [6], including evidence of the different vari-
ables that modify risk associated with specific acts, such as
viral load. In some instances, understanding of the riskiness of
certain sexual acts communicated by public health characteri-
zations has also been misapplied in the context of criminal
proceedings, for example, the Canadian case of Mabior [7,8].
Consequently, although sexual transmission is a common form
of HIV transmission at a global population level, this Consen-
sus Statement recognizes that the possibility of HIV transmis-
sion during a single sexual encounter ranges from no
possibility to low possibility, while it ranges from no possibility
to negligible possibility in cases of spitting or biting. This
approach to the science of HIV in the context of criminal law
is similar to that used in national scientific consensus state-
ments from Australia [?], Canada [10], Sweden [11] and
Switzerland [12].

2.1 | Possibility of transmission: overview

HIV is not easily transmitted from one person to another. It is
a relatively fragile virus that is transmitted through specific

well-described routes. It is not passed on through airborne,
droplet, fomite, contact or vector-borne transmission routes
and cannot penetrate intact human skin [13].

For HIV transmission to occur, certain basic conditions must
exist:

O There must be a sufficient amount of the virus in particular
bodily fluids (i.e. blood, semen, pre-seminal fluid, rectal flu-
ids, vaginal fluids, or breast milk).

O A sufficient quantity of at least one of those bodily fluids
must come into direct contact with sites in the body of an
HIV-negative person where infection can be initiated. These
are usually mucous membranes, damaged tissue or inflamed
ulcers, but not intact skin.

O The virus must overcome the person’s innate immune
defences so that infection can be established and propagated.

Most everyday activities carry no risk of HIV transmission
because these conditions are not met. Leaving aside par-
enteral or vertical transmission, intimate contact, such as sex-
ual intercourse, is usually required for transmission. Even in
those cases, the per-act chance of transmission is zero to low
(with estimates ranging from 0% to 1.4% per act) [5].

2.2 | Factors influencing the possibility of HIV
transmission

The possibility of HIV transmission associated with individual
acts varies according to a range of intersecting factors. When
multiple intersecting factors are present, their effect is mini-
mized or amplified to various degrees [14].

e Correct use of a condom prevents HIV transmission

Correct use of a condom (either male or female) prevents
HIV transmission because the porosity of condoms is protec-
tive against even the smallest sexually transmissible patho-
gens, including HIV [15]; latex and polyurethane condoms act
as an impermeable physical barrier through which HIV cannot
pass. Correct condom use means the integrity of the condom
is not compromised and the condom is worn throughout the
sex act in question. Correct use of a condom during sex
means HIV transmission is not possible.

Population level studies have found that consistent condom
use for anal or vaginal sex dramatically reduces the possibility of
HIV transmission even when factoring in instances of incorrect
use or breakage [16-21]. For example, a meta-analysis of 14
studies found that long periods of consistent use of male con-
doms during vaginal sex reduces the possibility of HIV transmis-
sion by at least 80% [22]. However, more recent research
suggests that this may be an underestimate [23], with the meta-
analysis described including non-standard data analysis meth-
ods which may have led to recruitment and other biases which
could have lowered the level of prevention observed [22,23].

Population-level research is only relevant in cases where
multiple sex acts have occurred and it is not known whether
condoms were correctly used in each instance. The population
level estimate of 80% condom effectiveness does not exist as
a stand-alone estimate of HIV transmission risk but must be
applied against risk associated with different sex acts. For
example, if the estimated risk of HIV transmission from an
HIV-positive man to a woman during a single episode of
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condomless vaginal sex is 0.08% [5], then the risk of transmis-
sion when a condom is used can be understood as at least
80% lower, or 0.016% (less than 2 in 10,000) [5]. Importantly,
when other risk reduction factors are present (e.g. low viral
load or withdrawal before ejaculation) the possibility of HIV
transmission, even in the event of incorrect condom use, is
further reduced.

To reiterate, HIV cannot be transmitted in individual cases
where a condom has been used correctly (ie. it was worn
through the sex act in question and its integrity was not
compromised). The population-level estimates can only apply
in situations where multiple instances of condom use have
occurred, including occasional instances of incorrect use and
breakage.

e Viral load that is low or ‘“undetectable” significantly
decreases or eliminates the possibility of HIV transmission

Soon after acquiring HIV, a person’s viral load is very high but
typically decreases over the first few weeks as their immune sys-
tem responds. If a person does not commence treatment, their
viral load remains fairly stable for some time, while the immune
system is gradually depleted. In advanced HIV infection, viral
load usually increases to higher levels again.

Antiretroviral therapy prevents HIV from replicating,
thereby significantly reducing the viral load in a person’s bod-
ily fluids. When effective antiretroviral therapy is commenced,
viral load usually drops to levels that are undetectable by cur-
rent standard laboratory blood tests within a few weeks or
months. Testing availability and lower limits of detection vary
in different parts of the world, with lower limits of detection
ranging from around 20 viral copies/mL to 400 copies/mL. A
small percentage of people living with HIV (often referred to
as long-term non-progressors) have a low viral load without
taking antiretroviral therapy because their immune systems
are able to control HIV [24-28].

Reduced viral load improves immune function and dramati-
cally decreases the long-term likelihood of illness and death. It
also greatly reduces the possibility of HIV transmission [29-
31]. Decreases in viral load are associated with concomitant
decreases in the likelihood of HIV transmission [32-35], mean-
ing that many people on treatment cannot transmit HIV.

Recent analyses from key studies (namely, HPTNO52, PART-
NER and Opposites Attract) involving both heterosexual and
male couples of different HIV status have not identified any
cases of sexual transmission from a person with an unde-
tectable viral load [29,30,36,37]. These findings have trans-
formed public health messaging. For example, the United
States Centers for Disease Control and Prevention now
describes the estimated possibility of HIV transmission from
an HIV-positive person with an undetectable viral load (as a
result of effective antiretroviral treatment) as “effectively no
risk” [6].

In 2011, the HPTNO52 trial (conducted in Botswana, Brazil,
India, Kenya, Malawi, South Africa, Thailand, the United States
and Zimbabwe), which investigated the impact of early treat-
ment initiation, observed no HIV transmission from 1763 peo-
ple on antiretroviral therapy who had a stable viral load below
400 copies/mL. Partners of HIV-positive participants were fol-
lowed for the equivalent of 8509 person-years. The only
transmission from people on treatment occurred either early

in treatment (before viral load was stabilized below 400
copies) or when viral load was above 1000 copies/mL on two
consecutive visits [29,37].

The PARTNER and Opposites Attract studies found no HIV
transmission from people with a viral load below 200 copies/
mL after more than 75,000 acts of condomless vaginal or anal
sex [18,30,38]. In the PARTNER study, heterosexual couples
reported approximately 36,000 condomless sex acts and
homosexual male couples reported about 22,000 condomless
sex acts [30]. No HIV transmission occurred between partners
in the study. Eleven cases of new HIV infection did occur,
however, phylogenetic analysis found that in all cases, the
infection resulted from sexual contact with someone other
than the person’s regular sexual partner. The Opposites
Attract study included nearly 17,000 condomless sex acts
among men. No HIV transmission was reported between part-
ners involved in the study, while three cases of new HIV infec-
tion resulted from sexual contact with someone other than
the person’s regular sexual partner [18].

A 2013 systematic review and meta-analysis also found no
transmission where viral load fell below a threshold of
between 50 and 500 copies/mL (depending on the study)
[39]. Another study reported no transmission when viral load
was lower than 400 copies/mL [40]. A number of other stud-
ies have provided evidence that low (but detectable) viral load
dramatically decreases (and may eliminate) the possibility of
transmission. For example, early studies involving participants
who were not taking antiretroviral therapy identified no
instances of transmission among couples where one partner
was living with HIV and had a low but detectable viral load:
below 1500 copies/mL (Uganda) [32], below 1094 copies/mL
(Thailand) [33] and below 1000 copies/mL (Zambia) [34]. The
Ugandan study found that the probability of transmission
through vaginal intercourse where viral load was lower than
1700 copies/mL was 1 in 10,000 [41].

While short-lived, small-magnitude increases in viral load,
known as “blips,” occur among many individuals adhering to their
antiretroviral therapy [42,43], they are not an indication that HIV
therapy is “failing;” are not considered to be clinically significant;
and have not been shown to increase the possibility of HIV trans-
mission during sex [44.,45]. Large-scale studies among couples of
different HIV status have included many HIV-positive partici-
pants who experienced blips in their viral load during the course
of the study. Consequently, such blips have been factored into
the observed reduction in transmissions.

» Pre-exposure Prophylaxis (PrEP) significantly decreases the
possibility of HIV acquisition

PrEP describes the use of antiretroviral medication by HIV-
negative people prior to HIV exposure to prevent HIV acquisi-
tion [46-50]. One recent study has found PrEP to be up to
95% effective among adherent users [50], however, only a
handful of cases of PrEP failures in adherent individuals have
ever been described suggesting that it is likely that PrEP is
more than 95% effective.

» Post-exposure Prophylaxis (PEP) significantly decreases the
possibility of HIV acquisition

PEP describes short-term use of antiretroviral treatment
by an HIV-negative person after an exposure to HIV. If
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started within 72 hours of exposure and taken for 28 days with
good adherence, PEP significantly reduces the likelihood of the
person becoming HIV-positive because it can stop HIV from
establishing itself in a person’s immune cells even after the virus
has entered a person’s body [51,52]. Although PEP is not 100%
effective, high rates of success have been reported [51,53-67]
(e.g. 81% among patients using older-style treatments [67] and
up to 100% among patients using newer treatments [68]). The
effectiveness of PEP appears to be influenced by a number of
factors, with effectiveness generally increasing the sooner PEP is
commenced and as the amount of HIV entering a person’s body
decreases [68].

» Medical Male Circumcision decreases the possibility of HIV
transmission from women to men

Medical male circumcision reduces the possibility of HIV
transmission from HIV-positive women to HIV-negative men by
approximately 50% [69]. Circumcision may also decrease sexual
transmission of HIV among men who have sex with men for
HIV-negative men who are exclusively the insertive partner,
although studies are not conclusive [70].

* Risk reduction practices such as withdrawal or strategic
positioning decrease the possibility of HIV transmission

Some people living with HIV use risk reduction practices
such as withdrawal prior to ejaculation or strategic positioning
(i.e. receptive-only anal intercourse) when engaging in con-
domless sex with an HIV-negative person or person of
unknown serostatus [71-73]. Such actions decrease the possi-
bility of HIV transmission during sex where a possibility exists
[71]. For example, a 2010 study found that the likelihood of
transmission during anal sex reduced by approximately two-
thirds when the HIV-positive insertive partner did not ejacu-
late [73]. The possibility of transmission is also known to be
lower when an HIV-positive partner is the receptive, rather
than insertive, partner during anal sex [73-75].

 Sexually Transmitted Infections (STls) can increase the pos-
sibility of HIV transmission in some circumstances

The presence of some untreated STls, particularly ulcerative
STls, in either partner has been associated with an increased
likelihood of HIV transmission during sexual activity when the
person living with HIV does not have a low viral load [76].
When genital ulcers are present in both partners, the risk is
further increased [14]. However, the presence of an STI does
not increase the possibility of transmission if the HIV-positive
person is on effective antiretroviral therapy [30], or if the
HIV-negative person is taking PrEP [48,49].

2.3 | The possibility of HIV transmission through
sex

HIV transmission through sex usually occurs as a result of
bodily fluids containing enough HIV coming into contact with
mucous membranes located in: the foreskin or urethra of the
penis; the cervix or vagina; the anus; or the rectum. HIV trans-
mission is also possible through contact with oral mucous
membranes but these are much less vulnerable to HIV trans-
mission [58].

2.3.1 | Oral sex, including oral-penile sex and oral-
vaginal sex

o The possibility of HIV transmission from oral sex per-
formed on an HIV-positive person, including when the per-
son does not have a low viral load and/or a condom is not
used, varies from none to negligible depending on the
context [77,78].

Oral sex is promoted as a safer sex option for partners of
different HIV status wanting to engage in intimate sexual acts,
with its practice reportedly very common.

Oral sex is known to involve a much lower possibility of
HIV transmission than vaginal or anal intercourse [79,80]. In
fact, the risk of HIV transmission as a result of oral sex is so
low that scientists have been unable to establish a statistically
sound estimate.

The few clinical studies investigating transmission through
oral sex have failed to find any cases of HIV transmission
[74.81,82]. A study of heterosexual couples and a study of les-
bian couples found no transmission resulting from oral sex
[81,82]. A third study involving men who have sex with men
showed no seroconversions among participants who reported
performing only fellatio (with ejaculation) on men who were
HIV-positive or of unknown HIV status [74]. A statistical
model applied to these findings concluded that the per-con-
tact risk from oral sex was between zero and 0.04% (4 in
10,000) [78] and these values are used in some reports
[79,80,83]. Given the study found no seroconversions, the
upper bound of 0.04% can be understood as an upper bound-
ary of possibility.

o There is no possibility of HIV transmission from oral sex
performed on an HIV-positive person when the HIV-posi-
tive partner has a low viral load, or a condom is properly
used, or the HIV-negative partner is taking PrEP [78].

While there are no studies investigating the impact of
antiretroviral therapy or PrEP on the possibility of transmis-
sion during oral sex, it is our expert opinion that there is no
possibility of HIV transmission associated with oral sex per-
formed on an HIV-positive individual on antiretroviral therapy,
or performed by a person taking PrEP. Similarly, correct con-
dom use reduces the likelihood of HIV transmission to zero.

2.3.2 | Vaginal-penile intercourse

o The possibility of HIV transmission from vaginal-penile
intercourse when the HIV-positive partner does not have
a low viral load and a condom is not used is low [84]. The
likelihood of transmission decreases further if no ejacula-
tion occurs inside the HIV-negative partner’s body.

Two meta-analyses of heterosexual couples [14,84] found
the likelihood of HIV transmission during one act of vaginal
intercourse is low: 0.08% (8 in 10,000) in the absence of risk
cofactors [5,14,41,84]. It is not clear whether the likelihood of
transmitting HIV from a man to a woman during vaginal inter-
course is higher than transmission from a woman to a man.
Some studies have found no difference, while others suggest
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the possibility of HIV transmission from a man to a woman is
about twice that of transmission from a woman to a man
[14,35,83,84].

o The possibility of HIV transmission from vaginal-penile
intercourse when the HIV-positive partner has a low viral
load or uses a condom or the HIV-negative partner is tak-
ing PrEP varies from none to negligible depending on the
context [29,38].

Numerous studies, as discussed above, have shown that the
possibility of HIV transmission from an HIV-positive partner
who has a low viral load during vaginal-penile intercourse is
none to negligible [29,37-39,85]. There has not been a
reported case of transmission through vaginal-penile inter-
course from a person with an undetectable viral load in any
clinical trial.

HIV cannot be transmitted when a condom is used correctly
because HIV cannot pass through intact latex or polyurethane.
Similarly, there is no possibility of HIV transmission when a
person has an undetectable viral load.

2.3.3 | Anal-penile intercourse

o The possibility of HIV transmission when a condom is not
used and the HIV-positive partner does not have a low
viral load is low, whether the receptive partner is male or
female [86]. The likelihood is lower where the HIV-positive
partner takes the receptive, rather than the insertive, role.
It is also lower if the HIV-positive insertive partner does
not ejaculate inside the receptive partner.

Studies show that receptive condomless anal intercourse by
heterosexual or same-sex couples is associated with a higher
likelihood of HIV transmission than receptive condomless vagi-
nal intercourse [5,87,88]. Individual studies have produced
estimates of per-act likelihood of HIV transmission for anal
sex from 0.01% (1 in 10,000) to more than 3% (300 in
10,000) [20,75,84,88-921]. The likelihood of transmitting from
the insertive to the receptive partner is higher than the
reverse [18,75,84].

Two systematic reviews (2010 and 2014) report a per-act
estimate of approximately 1.4% (140 in 10,000) for receptive
anal sex (i.e. when the HIV-positive person is the insertive part-
ner) [5,86). A 2010 prospective cohort study found that the
likelihood fell from 1.43% (143 per 10,000) with ejaculation to
0.54% (54 per 10,000) with no ejaculation [89]. Per-act likeli-
hood of transmission was estimated to be 0.11% (11 in
10,000) when the HIV-negative person is the insertive partner

[5].

o The possibility of HIV transmission through anal-penile
intercourse when the HIV-positive partner has a low viral
load, or uses a condom, or the HIV-negative partner is
taking PrEP varies from none to negligible depending on
the context The likelihood is similar whether the receptive
partner is male or female [85,86].

There is negligible possibility of HIV transmission from an
HIV-positive partner who has a low viral load during anal-

penile intercourse. As discussed above, both the PARTNER
study and the Opposites Attract study observed no transmis-
sion after approximately 39,000 acts of condomless anal sex
when viral load was below 200 copies/mL [30,92]. In fact,
there has not been a reported case of transmission from a
person with an undetectable viral load in any clinical trial.

HIV cannot be transmitted when a condom is used correctly
because HIV cannot pass through intact latex or polyurethane.
Similarly, there is no possibility of HIV transmission when a
person has an undetectable viral load.

2.4 | The possibility of HIV transmission from
casual contact, spitting and biting

2.4.1 | Casual contact

HIV cannot be transmitted via contact with an environmental
surface such as a chair, bench or toilet; from food or drink; or
from casual human contact such as hugging, sharing household
objects or eating together.

HIV cannot survive long in air and is unable to penetrate
intact skin. No case of HIV infection from contact with an
environmental surface, food or drink or through casual human
contact has ever been identified despite many scientific stud-
ies considering this possibility [93-98].

2.4.2 | Biting and spitting

o There is no possibility of HIV transmission via contact with
the saliva of an HIV-positive person, including through
kissing, biting or spiting.

Numerous studies have considered the possibility of HIV
transmission via saliva but none has found any evidence,
including a 1997 study of 34,000 cases in the UK [29]. The
absence of HIV transmission via saliva is attributed to two
factors: saliva contains a very small amount of HIV [100],
and several inhibitory components in oral secretions mean
saliva acts to protect susceptible cells from HIV infection
[101-106].

o There is no possibility of HIV transmission from biting or
spitting where the HIV-positive person’s saliva contains
no, or a small quantity of, blood.

Current evidence suggests HIV cannot be transmitted even
when saliva contains small quantities of blood. Despite early
research suggesting a theoretical risk of transmission if saliva-
containing blood enters a person’s body through contact with
mucosal tissue (for example, landing in an eye or mouth), no
cases of HIV transmission resulting from the spitting of blood
have been reported [107]. Consequently, it is our expert opin-
jion that there is no possibility of HIV transmission from saliva
containing small quantities of blood.

o The possibility of HIV transmission from biting where the
HIV-positive person’s saliva contains a significant quantity
of blood, and their blood comes into contact with a
mucous membrane or open wound, and their viral load is
not low or undetectable varies from none to negligible.
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Many studies have detailed a large number of cases where
bites have not resulted in HIV transmission [108-112] or
found transmission to be unlikely [107,109,113,114].

For transmission to be plausible in the case of biting, the
HIV-positive person must have blood in their mouth at the
time of the bite, a sufficient amount of HIV must be present
in the blood of the HIV-positive person, and the bite must be
deep enough to penetrate the HIV-negative person’s skin
causing trauma and tissue damage [106,107,115]. Even when
all these conditions are present, the possibility of transmission
during a single bite is negligible at most.

2.5 | Significant improvements in life expectancy
and quality of life for people living with HIV

The second section of this Consensus Statement considers
the harms of HIV because persistent misconceptions exagger-
ating the harms of HIV infection appear to influence applica-
tion of the criminal law [3]. Criminal law takes into account
the possible harms caused by a potential offence as well as
the likelihood of the offence itself, thus, for example, defini-
tions of bodily harm are distinct from grievous bodily harm,
which are distinct from manslaughter or murder. Conse-
quently, it is important to emphasize the huge changes in the
outlook for people living with HIV that have been achieved
over the past decades.

The natural course of untreated HIV infection varies widely
from person to person [116]. If untreated, most people experi-
ence an asymptomatic phase that lasts from two to 15 years,
during which the virus replicates, gradually undermining their
immune system. A small percentage of people with HIV have
immune systems that block replication of the virus for an
indefinite period [117], but the large majority of people even-
tually develop AIDS if untreated (approximately half within
10 years [118]). AIDS is defined as the presence of specific
laboratory markers and/or opportunistic infections and specific
diseases which, if antiretroviral therapy is not commenced,
eventually result in a person’s death.

Antiretroviral therapies dramatically reduce HIV-associated
disease progression. Globally, treatment guidelines have been
revised to recommend initiation of antiretroviral treatment
immediately following diagnosis of HIV infection because most
people on treatment will achieve an undetectable viral load
and maintain a healthy immune system, will remain in good
health, and will avoid the complications of long-term HIV
infection [119,120]. Even those who start treatment with a
high viral load and adhere to therapy can expect a dramatic
reduction in viral load, to a point where significant immune
system recovery occurs so that they can enjoy good long-term
health [121]. For many, effective treatment requires taking a
single pill each day.

Studies from many countries have consistently shown that
antiretroviral therapies have radically increased life expec-
tancy, that life expectancy has continued to improve over
time, and that the long-term health and quality of life of
people living with HIV has drastically improved [122-141].
Life expectancy for young people with HIV commencing
antiretroviral therapy now approaches that of a young per-
son in the general population [45,132,134,135,137]. Further-
more, use of antiretroviral therapies has shifted cause of
death of people living with HIV from traditional AIDS-

defining illnesses to non-HIV-related causes [142,143] similar
to those affecting the general population [144]. Similarly, clin-
ical management has shifted to include management and
treatment of health issues associated with aging, including
menopause and cardiovascular disease [143-150], and inter-
ventions to influence ‘lifestyle choices” such as tobacco
smoking [151]. In some sub-populations, ongoing clinical care
has the potential to increase life expectancy of people living
with HIV beyond that of their HIV-negative counterparts
[135].

Although HIV causes an infection that requires continuous
treatment with antiretroviral therapy, people living with HIV
can live long, productive lives including working, studying, trav-
elling, having relationships, having and raising children, and
contributing to society in various other ways.

2.6 | Establishing proof of HIV transmission

The final section of this Consensus Statement recognizes the
importance of the correct use of scientific and medical evi-
dence in HIV-related prosecutions where proof of actual
transmission from one person to another is at issue.

International guidance on HIV in the context of the criminal
law recommends that “proof of causation, in relation to HIV
transmission, should always be based on evidence derived
from a number of relevant sources, including medical records,
rigorous scientific methods and sexual history” [1].

o Medical records can provide contextual information but
cannot establish transmission between a complainant and
a defendant.

The circumstances of the nature and timing of a sexual rela-
tionship or other potential sources of a person’'s HIV infection
must be central to any case where sexual transmission of HIV is
alleged. When available and lawfully obtained, medical records
are valuable for identifying the last HIV-negative and first HIV-
positive test of the complainant and the defendant. Considering
the diagnostic window period of each test, this information can
be used to establish the period during which the complainant
acquired HIV and whether the defendant was HIV-positive dur-
ing this time. Importantly, whether the complainant or defendant
was infected first cannot be based on who tested HIV-positive
first or which person brought charges against the other.

Information related to HIV viral load and CD4 counts
included in medical records has sometimes been presented as
evidence establishing the timing of HIV infection. However,
viral loads and CD4 counts show considerable inter- and
intra-individual variation and therefore cannot be used to
determine exactly when someone acquired HIV [152].

o Phylogenetic analysis can be used as a forensic tool. The
results can be compatible with, but cannot conclusively
prove, the claim that a defendant has infected a com-
plainant. Importantly, phylogenetic results can exonerate a
defendant when the results are not compatible with the
allegation that the defendant infected the complainant.

Phylogenetic analysis compares the evolutionary relation-
ship between different persons’ HIV, but results must be
interpreted cautiously alongside other factual and medical evi-
dence when used in criminal cases [153]. The complexity of
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phylogenetic analysis arises, in part, from the fact that HIV is
a fast-evolving virus. Mutations of the virus occur repeatedly
so that every person living with HIV has more than one virus
variant [154]. During transmission, a limited number of virus
variants (one to a few) are transmitted, but these will also
mutate to form new variants so that no two persons’ HIV is
identical [155].

Phylogenetic analysis of HIV involves estimating the evolu-
tionary relationships of HIV variants, for example, to investi-
gate HIV transmission networks for public health purposes.
In criminal cases, phylogenetic analysis involves investigating
whether the complainant(s) and the defendant(s) are part of
the same transmission network. The network is represented
as a phylogenetic “tree” Notably, the phylogenetic tree must
be understood as an HIV gene tree, which may differ from
the transmission history, because HIV variants may predate
transmission or disappear after transmission [156] and
because some persons in the transmission network may not
have been diagnosed and/or sampled before constructing
the tree.

HIV phylogenetics is very different from profiling of human
DNA as, given the ongoing evolution of each person's HIV
variants, phylogenetics cannot obtain an “exact match” When
there appears to be a “phylogenetic match” between two indi-
viduals” HIV it means two or more variants are epidemiologi-
cally “linked”, not that they are the same [155,157]. HIV
phylogenetic evidence can exonerate a defendant accused of
transmitting HIV to a complainant because if the virus strains
detected in the defendant and complainant are unrelated, the
phylogenetic evidence conclusively contradicts the claim that
the defendant was the source of the complainant’s virus.
[155,158].

Recent advances in DNA sequencing and phylogenetics
allow some consideration of direction and timing of transmis-
sion [159-162], but these methods are currently neither pre-
cise nor accurate enough to prove who infected whom
[155,163]. This is partly because there may always be
unknown and undiagnosed individuals from the transmission
network [155]. Consequently, currently phylogenetic analysis
cannot eliminate the possibilities that the complainant infected
the defendant, that both were infected by a third party
[158,163], or more complex scenarios of transmission that
have resulted in the defendant and complainant having HIV
variants that are epidemiologically linked. The fact that having
HIV does not protect against a subsequent “super’-infection
with a different variant adds complexity [158]. In particular,
confidence about the direction of infection is undermined
when a defendant and complainant have engaged in numerous
sexual acts which may have facilitated multiple transmission
events back and forth [155].

Phylogenetic analysis is complex, and consequently it is
important that HIV phylogenetics for forensic purposes is per-
formed and interpreted by experts who fully understand the
limitations of the technique and explicitly state these limita-
tions in written reports and oral testimony. Interpretation of
phylogenetic results for forensic purposes requires expertise
about phylogenetics and the distinction between virus evolu-
tionary trees and transmission histories. This is not straightfor-
ward and methodologies have not yet been standardized
[155]. The reliability of evidence derived from phylogenetic
analysis depends on a number of methodological factors

including use of adequate “local controls” [164-166] and data-
base sequences [167-169] which must be selected using con-
sistent selection criteria [155]. International research shows
that phylogenetic evidence used in criminal trials has not
always satisfied these requirements [155].

3 | CONCLUSIONS

Given the evidence presented in this document, we strongly
recommend that more caution be exercised when considering
criminal prosecution, including careful appraisal of current sci-
entific evidence on HIV-related risks and harms. This is instru-
mental to reduce stigma and discrimination and to avoid
miscarriages of justice.

In this context, we hope this Consensus Statement will
encourage governments and those working in the legal and
judicial system to pay close attention to the significant
advances in HIV science that have occurred over the last
three decades, and make all efforts to ensure that a correct
and complete understanding of current scientific knowledge
informs any application of the criminal law in cases related to
HIV.

AUTHORS’ AFFILIATIONS

YPasteur Institute, Paris, France; “Mailman School of Public Health, Columbia
University, New York, NY, USA: Centre for the AIDS Program of Research in
South Africa, University of KwaZulu-Natal, Durban, South Africa; “Weill Medical
College, Cornell University, New York, NY, USA; °Department of Microbiology,
Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden; “Institute of
Infectious Disease and Molecular Medicine, University of Cape Town, Cape
Town, South Africa; ’Department of Epidemiology, Center for AIDS Research
and Center for Public Health and Human Rights, John Hopkins Bloomberg
School of Public Health, Baltimore, MD, USA; éInfectious Diseases Unit, Juan A.
Fernandez Hospital Buenos Aires, CABA, Argentina; “Buenos Aires University
Medical School, Buenos Aires, Argentina; ‘°Fundacién Huésped, Buenos Aires,
Argentina; “*Infectious Diseases, Geneva University Hospital, Geneva, Switzer-
land; *Instituto Nacional de Infectologia Evandro Chagas-Fiocruz, Fiocruz, Rio
de Janeiro, Brazil; **Kirby Institute, University of New South Wales, Sydney,
NSW, Australia; “Faculty of Medicine, University of Malaya, Kuala Lumpur,
Malaysia; >YRGCARE Medical Centre, Voluntary Health Services, Chennai,
India; **Women’s College Research Institute, Toronto, Canada; *’Women's Col-
lege Hospital, Toronto, Canada; 1SDepartmemt of Medicine, University of Tor-
onto, Toronto, Canada; Infectious Diseases Unit, Ibn Rochd Universtiy
Hospital, Casablanca, Morocco; ““Institut de Recherche en Santé, de Surveil-
lance Epidemiologique et de Formations, Dakar, Senegal; ?IFaculty of Medicine,
University of British Columbia, Vancouver, Canada; *?BC Centre for Excellence
in HIV/AIDS, Vancouver, Canada; 2°International Association of Providers of
AIDS Care, Kampala, Uganda; 24Russian Peoples’ Friendship University (RUDN-
University), Moscow, Russian Federation; “°Central Research Institute of Epi-
demiology, Federal Service on Customers’ Rights Protection and Human Well-
being Surveillance, Moscow, Russian Federation; KU Leuven, Department of
Microbiology and Immunology, Rega Institute for Medical Research, Clinical and
Epidemiological Virology, Leuven, Belgium; 2’Center for Global Health and Trop-
ical Medicine, Unidade de Microbiologia, Instituto de Higiene e Medicina Tropi-
cal, Universidade Nova de Lisboa, Lisbon, Portugal; “®International Association
of Providers of AIDS Care, Washington, DC, USA; 2?UNAIDS, Geneva, Switzer-
land; *°Department of Infectious and Tropical Diseases, London School of
Hygiene and Tropical Medicine, London, England

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHORS’ CONTRIBUTIONS

All authors participated in numerous rounds of discussions, writing and editing
of this Consensus Statement.

8518017 SUOILIOD @A eRID) 3|eol|dde au) Aq peusenob a2 91 VO '8N JO Seinl Joj Akeig1 8UIIUO AB]IA UO (SUONIPUCD-PUe-SLLLR)WICO™A8 1M Ae1q 1 jBu Uo//Schl) SUOIIPUOD pue SWB | U 88s *[£202/TT/20] uo Ariqiaulluo A8|1m '(S1a) enbiynusios UoirewLiojuL, | 3p UOKIAIQ ‘3raUeD ap alsBAIUN,| 8p anbauoljqig Ad TOTSZ Zell/200T 0T/10p/L0o A3 Im ARIgipuljuo//SdNy Woly papeo|umoq ‘. ‘8TOZ ‘Z5928SLT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full
https://doi.org/10.1002/jia2.25161

Barré-Sinoussi F et al. Journal of the International AIDS Society 2018, 21:€25161

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full | https://doi.org/10.1002/jia2.25161

ACKNOWLEDGEMENTS

We acknowledge the support of Sally Cameron, Edwin Bernard, Luisa Cabal,
Stéphanie Claivaz-Loranger, Patrick Eba, Richard Elliott, Cécile Kazatchkine,
David Mclay, Kevin Osborne, Mariangela Simao and Laurel Sprague.

FUNDING

Funding for this work was provided by the International AIDS Society (IAS), the
International Association of Providers of AIDS Care (IAPAC), the Robert Carr
Fund for Civil Society Networks, and UNAIDS.

REFERENCES

1. Joint United Nations Programme on HIV/AIDS (UNAIDS). UNAIDS guidance
note on ending overly broad HIV criminalisation. Geneva: UNAIDS; 2013

2. Global Commission on HIV and the Law. HIV and the law: risks, rights &
health. Geneva: UNDP; 2012.

3. Bernard EJ, Cameron S. Advancing HIV Justice 2: building momentum in glo-
bal advocacy against HIV criminalization. HIV Justice Network, Global Network
of People Living with HIV; 2016.

4. World Health Organization. Sexual health, human rights and the law. Geneva:
World Health Organization; 2015.

5. Patel P, Borkowf CB, Brooks JT, Lasry A, Lansky A, Mermin J. Estimating
per-act HIV transmission risk: a systematic review. AIDS. 2014;28(10):1509—
19.

6. Centers for Disease Control and Prevention. CDC Information Undetectable
Viral Load and HIV Transmission Risk. October 2017 [cited 30 June 2018].
Available from https://www.cdc.gov/hiv/pdf/risk/art/cdc-hiv-uvl-transmission.pdf
7. 2008 MBQB 201;Canada.

8. R v Mabior. SCC 47. 2012; Canada.

9. Boyd M, Cooper D, Crock E, Crooks L, Giles M, Grulich A, et al. Sexual trans-
mission of HIV and the law: an Australian medical consensus statement. Med J
Aust. 2016;205(9):409-12.

10. Loutfy M, Tyndall M, Baril J-G, Montaner J, Kaul R, Hankins C. Canadian
consensus statement on HIV and its transmission in the context of the criminal
law. Can J Infect Dis Med Microbiol. 2014;25(3):135-40.

11. Albert J, Berglund T, Gisslén M, Gréon P, Sonnerborg A, Tegnell A, et al.
Risk of HIV transmission from patients on antiretroviral therapy: a position
statement from the Public Health Agency of Sweden and the Swedish Refer-
ence Group for Antiviral Therapy. Scand J Infect Dis. 2014;46(10):673-7.

12. Vernazza P, Hirschel B, Bernasconi E, Flepp M. Les personnes séropositives
ne souffrant d’aucune autre MST et suivant un traitment antirétroviral efficace
ne transmettent pas le VIH par voie sexuelle. Bulletin des médecins suisses.
2008;5:165-9. French.

13. Vandamme A-M, Van Laethem K, Schmit J-C, Van Wijngaerden E, Reynders
M, Debyser Z, et al. Long-term stability of human immunodeficiency virus viral
load and infectivity in whole blood. Eur J Clin Invest. 1999;29:445-52.

14. Powers K, Poole C, Pettifor A, Cohen M. Rethinking the heterosexual infec-
tivity of HIV-1: a systematic review and meta-analysis. Lancet Infect Dis. 2008;8
(9):553-63.

15. Lytle CD. An in vitro evaluation of condoms as barriers to a small virus. Sex
Transm Dis. 1997;24:161-4.

16. Vittinghoff E, Douglas J, Judson F, McKirnan D, MacQueen K, Buchbinder
SP. Per-contact risk of human immunodeficiency virus transmission between
male sexual partners. Am J Epidemiol. 1999;150(3):306-11.

17. Weller S, Davis K. Condom effectiveness in reducing heterosexual HIV
transmission. Cochrane Database Syst Rev[internet]. 2001 [cited 2018 June 6].
Available from: http://onlinelibrary.wiley.com

18. Macdonald N, Elam G, Hickson F, Imrie J, McGarrigle CA, Fenton KA, et al.
Factors associated with HIV seroconversion in gay men in England at the start
of the 21st century. Sex Transm Infect. 2008;84(1):8-13.

19. Lavoie E, Alary M, Remis RS, Otis J, Vincelette J, Turmel B, et al. Determi-
nants of HIV seroconversion among men who have sex with men living in a low
HIV incidence population in the era of highly active antiretroviral therapies. Sex
Transm Dis. 2008;35(1):25-9.

20. Scott HM, Vittinghoff E, Irvin R, Sachdev D, Liu A, Gurwith M, et al. Age,
race/ethnicity, and behavioral risk factors associated with per-contact risk of
HIV infection among men who have sex with men in the United States. J Acquir
Immune Defic Syndr. 2014;65(1):115-21.

21. Smith DK, Herbst JH, Zhang X, Rose CE. Condom effectiveness for HIV
prevention by consistency of use among men who have sex with men in the
United States. J Acquir Immune Defic Syndr. 2015;68(3):337-44. Referenced in
https://doi.org/10.1097/gai.000000000000046 1.

22. Weller S, Davis-Beaty K. Condom effectiveness in reducing heterosexual
HIV transmission. Cochrane Database Syst Rev. 2002;(1):CD003255.

23. Crosby R, Bounse S. Condom effectiveness: where are we now? Sex Health.
2012;9:10-7.

24. Buchbinder S, Katz M, Hessol N, O'Malley P, Homberg S. Long-term HIV-1
infection without immunologic progression. AIDS. 1994;8:1123-8.

25. Madec VY, Boufassa F, Avettand-Fenoel V, Hendou S, Melard A, Boucherit S,
et al. Early control of HIV-1 infection in long-term nonprogressors followed
since diagnosis in the ANRS SEROCO/HEMOCO cohort. J Acquir Immune Defic
Syndr. 2009;50:19-26.

26. Poropatich K, Sullivan DJ. Human immunodeficiency virus type 1 long-term
non-progressors: the viral, genetic and immunological basis for disease non-pro-
gression. J Gen Virol. 2010;2(2):247-68.

27. Learmont J, Geczy A, Mills J, Ashton L, Raynes-Greenow C, Garsia R, et al.
Immunologic and virologic status after 14 to 18 years of infection with an
attenuated strain of HIV-1. A report from the Sydney Blood Bank Cohort. N
Engl J Med. 1999;340:1715-22.

28. Rhodes DI, Ashton L, Solomon A, Carr A, Cooper D, Kaldor J, et al. Charac-
terization of three nef-defective human immunodeficiency virus type 1 strains
associated with long-term nonprogression. Australian Long-Term Nonprogressor
Study Group. J Virol. 2000;74(22):10581-8.

29. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumara-
samy N, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N
Engl J Med. 2011;11(365):493-505.

30. Rodger AJ, Cambiano V, Bruun T, Vernazza P, Collins S, van Lunzen J, et al.
Sexual activity without condoms and risk of HIV transmission in serodifferent
couples when the HIV-positive partner is using suppressive antiretroviral ther-
apy. JAMA. 2016;316:171-81.

31. Montaner JS, Hogg R, Wood E, Kerr T, Tyndall M, Levy AR, et al. The case
for expanding access to highly active antiretroviral therapy to curb the growth
of the HIV epidemic. Lancet. 2006;368(9534):531-6.

32. Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C, Wabwire-Mangen
F, et al. Viral load and heterosexual transmission of human immunodeficiency
virus type 1. Rakai Project Study Group. N Engl J Med. 2000;342(13):921-9.
33. Tovanabutra S, Robison V, Wongtrakul J, Sennum S, Suriyanon V, Kingkeow
D, et al. Male viral load and heterosexual transmission of HIV-1 subtype E in
northern Thailand. J Acquir Immune Defic Syndr. 2002;29(3):275-83.

34. Fideli US, Allen SA, Musonda R, Trask S, Hahn BH, Weiss H, et al. Virologic
and immunologic determinants of heterosexual transmission of human immunod-
eficiency virus type 1 in Africa. AIDS Res Hum Retroviruses. 2001;17(10):901—
10.

35. Hughes JP, Baeten JM, Lingappa JR, Magaret AS, Wald A, de Bruyn G.
Determinants of per-coital-act HIV-1 infectivity among African HIV-1-serodis-
cordant couples. J Infect Dis. 2012;205(3):358-65.

36. Grulich A, Bavinton B, Jin F, Prestage G, Zablotska |, Grinsztejn B, et al.
HIV transmission in male serodiscordant couples in Australia, Thailand and Bra-
zil. Abstract for 2015 Conference on Retroviruses and Opportunistic Infections,
Seattle, USA, 2015.

37. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour M, Kumara-
samy N, et al. Antiretroviral therapy for the prevention of HIV-1 transmission. N
Engl J Med. 2016;375(9):830-9.

38. Supervie V, Viard J-P, Costagliola D, Breban R. Heterosexual risk of HIV
transmission per sexual act under combined antiretroviral therapy: systematic
review and Bayesian modeling. Clin Infect Dis Off Publ Infect Dis Soc Am.
2014;59(1):115-22.

39. Loutfy MR, Wu W, Letchumanan L, Bondy L, Antoniou T, Margolese S, et al.
Systematic review of HIV transmission between heterosexual serodiscordant
couples where the HIV positive partner is fully suppressed on antiretroviral
therapy. PLoS ONE. 2012;8(2):e55747.

40. Anglemyer A, Horvath T, Rutherford G. Antiretroviral therapy for preven-
tion of HIV transmission in HIV-discordant couples. JAMA. 2013;310(15):1619—
20.

41. Mastro TD, De Vincenzi . Probabilities of sexual HIV-1 transmission. AIDS.
1996;10:575-82.

42. Gray RH, Wawer MJ, Brookmeyer R, Sewankambo NK, Serwadda D, Wab-
wire-Mangen F, et al. Probability of HIV-1 transmission per coital act in monoga-
mous, heterosexual, HIV-1-discordant couples in Rakai, Uganda. Lancet.
2001;357(9263):1149-53.

43. Young J, Rickenbach M, Calmy A, Bernasconi E, Staehelin C, Schmid P, et al.
Transient detectable viremia and the risk of viral rebound in patients from the
Swiss HIV Cohort Study. BMC Infect Dis. 2015;15(1):382.

44, Sorstedt E, Nilsson S, Blaxhult A, Gisslén M, Flamholc L, Sénnerborg A,
et al. Viral blips during suppressive antiretroviral treatment are associated with
high baseline HIV-1 RNA levels. BMC Infect Dis. 2016;16:305.

8518017 SUOILIOD @A eRID) 3|eol|dde au) Aq peusenob a2 91 VO '8N JO Seinl Joj Akeig1 8UIIUO AB]IA UO (SUONIPUCD-PUe-SLLLR)WICO™A8 1M Ae1q 1 jBu Uo//Schl) SUOIIPUOD pue SWB | U 88s *[£202/TT/20] uo Ariqiaulluo A8|1m '(S1a) enbiynusios UoirewLiojuL, | 3p UOKIAIQ ‘3raUeD ap alsBAIUN,| 8p anbauoljqig Ad TOTSZ Zell/200T 0T/10p/L0o A3 Im ARIgipuljuo//SdNy Woly papeo|umoq ‘. ‘8TOZ ‘Z5928SLT


https://www.cdc.gov/hiv/pdf/risk/art/cdc-hiv-uvl-transmission.pdf
http://onlinelibrary.wiley.com
https://doi.org/10.1097/qai.0000000000000461
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full
https://doi.org/10.1002/jia2.25161

Barré-Sinoussi F et al. Journal of the International AIDS Society 2018, 21:e25161

http://onlinelibrarywiley.com/doi/10.1002/jia2.25161/full | https://doi.org/10.1002/jia2.25161

45. Van Sighem A, Zhang S, Reiss P, Gras L, van der Ende M, Kroon F, et al.
Immunologic, virologic, and clinical consequences of episodes of transient vire-
mia during suppressive combination antiretroviral therapy. J Acquir Immune
Defic Syndr. 2008;1(48):104-8.

46. Teira R, Vidal F, Munoz-Sénchez P, Geijo P, Viciana P, Ribera E, et al. Very
low level viraemia and risk of virological faxilure in treated HIV-1-infected
patients. HIV Medicine, online edition. HIV Med. 2017;18(3):196-203.

47. Fonner V, Dalglish S, Kennedya C, Baggaley R, O'Reilly K, Koechlinb F, et al.
Effectiveness and safety of oral HIV preexposure prophylaxis for all populations.
AIDS. 2016;30:1973-83.

48. Molina J-M, Capitant C, Spire B, Pialoux G, Cotte L, Charreau |, et al. On-
demand preexposure prophylaxis in men at high risk for HIV-1 infection. N Engl
J Med. 2015;3(373):2237-46.

49. McCormack S, Dunn D, Desai M, Dolling D, Gafos M, Gilson R, et al. Pre-
exposure prophylaxis to prevent the acquisition of HIV-1 infection (PROUD):
effectiveness results from the pilot phase of a pragmatic open-label randomised
trial. Lancet. 2015;387(10013):53-60.

50. Grant RM, Liegler T, Defechereux P, Kashuba AD, Taylor D, Abdel-Mohsen
M, et al. Drug resistance and plasma viral RNA level after ineffective use of oral
pre-exposure prophylaxis in women. AIDS. 2015;29:331-7.

51. Schechter M, do Lago R, Mendelsohn A, Moreira R, Moulton L, Harrison L,
et al. Behavioral impact, acceptability, and HIV incidence among homosexual
men with access to postexposure chemoprophylaxis for HIV. JAIDS. 2004;35
(5):519-25.

52. Pinkerton SD, Martin J, Roland M, Katz M, Coates T, Kahn J, et al.
Cost-effectiveness of postexposure prophylaxis after sexual or injection-drug
use exposure to human immunodeficiency virus. Arch Intern Med.
2004;164:46-54.

53. Jochimsen EM. Failures of zidovudine postexposure prophylaxis. Am J Med.
1997;102(5):52-5.

54. Lot F, Abiteboul D. Occupational infections with HIV in France among
health-care personnel. Bull Epi Hebdom. 1999;18:69-70. French.

55. Beltrami EM, Luo C-C, de la Torre N, Cardo DM. Transmission of drug-
resistant HIV after an occupational exposure despite postexposure prophylaxis
with a combination drug regimen. Infect Control Hosp Epidemiols. 2002;2002
(23):345-8.

56. Hawkins DA, Asboe D, Barlow K, Evans B. Seroconversion to HIV-1 follow-
ing a needlestick injury despite combination post-exposure prophylaxis. J Infect.
2001;43:12-5.

57. Wulfsohn A, Venter WDF, Schultze D, Levey M, Sanne IM. Post-exposure
prophylaxis after sexual assault in South Africa. Proceedings of the Tenth Con-
ference on Retroviruses and Opportunistic Infections; 2003 Feb; Boston, U.S.:
abstract 42.

58. Lunding S, Katzenstein TL, Kronborg G, Lindberg JA, Jensen J, Nielsen HI,
et al. The Danish PEP registry: experience with the use of postexposure prophy-
laxis (PEP) following sexual exposure to HIV from 1998 to 2006. Sex Transm
Dis. 2010;37(1):49-52.

59. Donnell D, Mimiaga MJ, Mayer K, Chesney M, Koblin B, Coates T. Use of
non-occupational post-exposure prophylaxis does not lead to an increase in high
risk sex behaviors in men who have sex with men participating in the EXPLORE
trial. AIDS Behav. 2010;14(5):1182-9.

60. Sonder GJ, Prins JM, Regez RM, Brinkman K, Mulder JW, Veenstra J, et al.
Comparison of two HIV postexposure prophylaxis regimens among men who
have sex with men in Amsterdam: adverse effects do not influence compliance.
Sex Transm Dis. 2010;37(11):681-6.

61. McAllister J, Read P, McNulty A, Tong WW, Ingersoll A, Carr A. Raltegravir-
emtricitabine-tenofovir as HIV nonoccupational post-exposure prophylaxis in
men who have sex with men: safety, tolerability and adherence. HIV Med.
2014;15(1):13-22.

62. Jain S, Oldenburg CE, Mimiaga MJ, Mayer KH. Subsequent HIV infection
among men who have sex with men who used non-occupational post-exposure
prophylaxis at a Boston community health center: 1997-2013. AIDS Patient
Care STDS. 2015;29(1):20-5.

63. Foster R, McAllister J, Read TR, Pierce AB, Richardson R, McNulty A,
et al. Single-tablet emtricitabine-rilpivirine-tenofovir as HIV postexposure pro-
phylaxis in men who have sex with men. Clin Infect Dis. 2015;61(8):1336—
41.

64. Linden JA, Oldeg P, Mehta SD, McCabe KK, LaBelle C. HIV postexposure
prophylaxis in sexual assault: current practice and patient adherence to treat-
ment recommendations in a large urban teaching hospital. Acad Emerg Med.
2005;12(7):640-6.

65. Griffith WF, Ackerman GE, Zoellner CL, Sheffield JS. Sexual assault: a
report on human immunodeficiency virus postexposure prophylaxis. Obstet
Gynecol Int. 2010;196963:1-6.

66. Olshen E, Hsu K, Woods ER, Harper M, Harnisch B, Samples CL. Use of
human immunodeficiency virus postexposure prophylaxis in adolescent sexual
assault victims. Arch of Pediat Adolesc Med. 2006;160(7):674-80.

67. Cardo D, Culver D, Ciesielski C, Srivastava P, Marcus R, Abiteboul D, et al.
A case-control study of HIV seroconversion in health care workers after percu-
taneous exposure. N Engl J Med. 1997;20(337):1485-90.

68. Poynten IM, Smith DE, Cooper DA, Kaldor JM, Grulich AE. The public
health impact of widespread availability of nonoccupational postexposure pro-
phylaxis against HIV. HIV Medicine. 2007;8(6):374-81.

69. Siegfried N, Muller M, Deeks JJ, Volmink J. Male circumcision for preven-
tion of heterosexual acquisition of HIV in men. Cochrane Database Syst Rev.
2009;(2):CD003362.

70. Millett GA, Flores SA, Marks G, Reed JB, Herbst JH. Circumcision status
and risk of HIV and sexually transmitted infections among men who have sex
with men: a meta-analysis. JAMA. 2008;300(14):1674-84. Erratum in: JAMA.
2009 Mar 18;301(11):1126-9.

71. Crepaz N, Marks G, Liau A, Mullins MM, Aupont LW, Marshall KJ, et al.
Prevalence of unprotected anal intercourse among HIV-diagnosed MSM in the
United States: a meta-analysis. AIDS. 2009;23(13):1617-29.

72. Van De Ven P, Kippax S, Crawford J, Rawstorne P, Prestage G, Grulich A,
et al. In a minority of gay men, sexual risk practice indicates strategic positioning
for perceived risk reduction rather than unbridled sex. AIDS Care. 2002;14
(4):471-80.

73. Jin F, Crawford J, Prestage GP, Zablotska I, Imrie J, Kippax SC, et al. Unpro-
tected anal intercourse, risk reduction behaviours, and subsequent HIV infection
in a cohort of homosexual men. AIDS. 2009;23(2):243-52.

74. Baggaley RF, Boily M-C, White RG, Alary M. Risk of HIV-1 transmission for
parenteral exposure and blood transfusion: a systematic review and meta-analy-
sis. AIDS. 2006;20:805-12.

75. Vittinghoff E, Douglas J, Judson F, McKirnan D, MacQueen K, Buchbinder
SP. Per-contact risk of human immunodeficiency virus transmission between
male sexual partners. Am J Epidemiol. 1999;1(150):306-11.

76. Sexton J, Garnett G, Rettingen J-A. Metaanalysis and metaregression in
interpreting study variability in the impact of sexually transmitted diseases on
susceptibility to HIV infection. Sex Transm Dis. 2005;32(6):351-7.

77. Campo J, Perea MA, del Romero J, Cano J, Hernando V, Bascones A. Oral
transmission of HIV, reality or fiction? An update Oral Dis. 2006;12(3):
219-28.

78. Baggaley RF, White RG, Boily MC. Systematic review of orogenital HIV 1
transmission probabilities. Int J Epidemiol. 2008;37(6):1255-65.

79. Morrow G, Vachot L, Vagenas P, Robbiani M. Current concepts of HIV
transmission. Curr HIV/AIDS Rep. 2007;4(1):29-35.

80. Centers for Disease Control and Prevention. Oral sex and HIV Risk. CDC
HIV/AIDS Facts, June 2009.

81. del Romero J, Marincovich B, Castilla J, Garcia S, Campo J, Hernando V,
et al. Evaluating the risk of HIV transmission through unprotected orogenital
sex. AIDS. 2002;16(9):1296-7.

82. Raiteri R, Fora R, Sinicco A. No HIV-1 transmission through lesbian sex.
Lancet. 1994;344:270.

83. European Study Group on Heterosexual Transmission of HIV. Comparison
of female to male and male to female transmission of HIV in 563 stable couples.
BMJ. 1992;304(6830):809-13.

84. Boily M-C, Baggaley RF, Wang L, Masse B, White RG, Hayes RJ, et al.
Heterosexual risk of HIV-1 infection per sexual act: systematic review and
meta-analysis of observational studies. Lancet Infect Dis. 2009;9(2):118-29.

85. Rodger A, Cambiano V, Bruun T, Vernazza P, Collins S, Estrada V, et al. HIV
transmission risk through condomless sex if the HIV positive partner is on sup-
pressive ART: PARTNER study. Presentation at CROI, 2014 Mar 3-6;Boston,
us.

86. Baggaley RF, White RG, Boily M-C. HIV transmission risk through anal
intercourse: systematic review, meta-analysis and implications for HIV preven-
tion. Int J Epidemiol. 2010;39(4):1048-63.

87. Halperin DT, Shiboski SC, Palefsky JM, Padian NS. High level of HIV-1
infection from anal intercourse: a neglected risk factor in heterosexual AIDS
prevention. Paper presented at XIV International AIDS Conference. 2002; Bar-
celona, Spain.

88. Leynaert B, Downs AM, de Vincenzi |. Heterosexual transmission of human
immunodeficiency virus: variability of infectivity throughout the course of infec-
tion. European Study Group on Heterosexual Transmission of HIV. Am J Epi-
demiol. 1998;148(1):88-96.

89. Jin F, Jansson J, Law M, Prestage GP, Zablotska I, Imrie JC, et al. Per-con-
tact probability of HIV transmission in homosexual men in Sydney in the era of
HAART. AIDS. 2010;24(6):907-13.

8518017 SUOILIOD @A eRID) 3|eol|dde au) Aq peusenob a2 91 VO '8N JO Seinl Joj Akeig1 8UIIUO AB]IA UO (SUONIPUCD-PUe-SLLLR)WICO™A8 1M Ae1q 1 jBu Uo//Schl) SUOIIPUOD pue SWB | U 88s *[£202/TT/20] uo Ariqiaulluo A8|1m '(S1a) enbiynusios UoirewLiojuL, | 3p UOKIAIQ ‘3raUeD ap alsBAIUN,| 8p anbauoljqig Ad TOTSZ Zell/200T 0T/10p/L0o A3 Im ARIgipuljuo//SdNy Woly papeo|umoq ‘. ‘8TOZ ‘Z5928SLT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full
https://doi.org/10.1002/jia2.25161

Barré-Sinoussi F et al. Journal of the International AIDS Society 2018, 21:€25161

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full | https://doi.org/10.1002/jia2.25161

90. DeGruttola V, Seage GR 3rd, Mayer KH, Horsburgh CR Jr. Infectiousness
of HIV between male homosexual partners. J Clin Epidemiol. 1989;42(9):849—
56.

91. Jacquez JA, Koopman JS, Simon CP, Longini IM Jr. Role of the primary
infection in epidemics of HIV infection in gay cohorts. J Acquir Immune Defic
Syndr. 1994;7(11):1169-84.

92. Bavinton B, Grinsztejn B, Phanuphak N, Jin F, Zablotska I, Prestage G, et al.
HIV treatment prevents HIV transmission in male serodiscordant couples in
Australia, Thailand and Brazil. 9th International AIDS Society Conference on
HIV Science, Paris, abstract no TUACO506LB, July 2017.

93. Berthier A, Fauchet R, Genetet N, Fonlupt J, Genetet N, Gueguen M, et al.
Transmissibility of human immunodeficiency virus in haemophilic an non-haemo-
philic children living in a private school in France. Lancet. 1986;2(8507):598—
601.

94. Fischl MA, Dickinson GM, Scott GB, Klimas N, Fletcher MA, Parks W. Eval-
uation of heterosexual partners, children and household contacts of adults with
AIDS. JAMA. 1987;257:640-4.

95. Friedland G, Kahl P, Saltzman B, Rogers M, Feiner C, Mayers M, et al. Addi-
tional evidence for lack of transmission of HIV infection by close interpersonal
(casual) contact. AIDS. 1990:4(7):639-44.

96. Rogers MF, White CR, Sanders R, Schable C, Ksell TE, Wasserman RL, et al.
Lack of transmission of human immunodeficiency virus from infected children to
their household contacts. Pediatrics. 1990;85(2):210-4.

97. Courville TM, Caldwell B, Brunell P. Lack of evidence of transmission of
HIV-1 to family contacts of H1V-1 infected children. Clin Pediatr. 1998;37
(3):175-8.

98. Lusher JM, Operskalski EA, Lee H, Mosley JW, Aledort LM, Dietrich SL,
et al. Risk of human immunodeficiency virus type 1 infection among sexual and
nonsexual household contacts of persons with congenital clotting disorders.
Pediatrics. 1991;88:242-9.

99. Gilbart VL. Unusual HIV transmissions through blood contact: analysis of
cases reported in the United Kingdom to December 1997. Commun Dis Public
Health. 1998;1(2):108-13.

100. Yeung SC, Kazazi F, Randle CG, Howard RC, Rizvi N, Downie JC, et al.
Patients infected with human immunodeficiency virus type 1 have low levels of
virus in saliva even in the presence of periodontal disease. J Infect Dis.
1993;167(4):803-9.

101. Shine N, Konopka K, Duiizglines N. The anti-HIV-1 activity associated with
saliva. J Dent Res. 1997:76(2):634—40.

102. Shugars DC, Schock DC, Patton J. HIV-1 RNA load in blood plasma, saliva
and crevicular fluid. J Dent Res. 1998;77(Special Issue A):285.

103. Shugars DC, Wahl S. The role of the oral environment in HIV-1 transmis-
sion. JADA. 1998;129(7):851-8.

104. Malamud D, Friedman HM. HIV in the oral cavity: virus, viral inhibitory
activity, and antiviral antibodies. Crit Rev Oral Biol Med. 1993;4(3-4):461-6.
105. Archibald DW, Cole GA. In vitro inhibition of HIV-1 infectivity by human
salivas. AIDS Res Hum Retroviruses. 1990;6(12):1425-32.

106. Yeh CK, Handelman B, Fox PC, Baum BJ. Further studies of salivary
inhibition of HIV-1 infectivity. J Acquir Immune Defic Syndr. 1992;5(9):898-
903.

107. Cresswell FV, Ellis J, Hartley J, Sabin CA, Orkin C, Churchill DR. A sys-
tematic review of risk of HIV transmission through biting or spitting: implica-
tions for policy. HIV Med. 2018;1-9. Available from https://onlinelibrary.wiley.c
om/doi/abs/10.1111/hiv.12625

108. Tsoukas CM, Hadjis T, Shuster J, Theberge L, Feorino P, O'Shaughnessy
M. Lack of transmission of HIV through human bites and scratches. JAIDS.
1988;1(5):505-7.

109. Richman KM, Richman LS. The potential for transmission of human
immunodeficiency virus through human bites. J Acquir Immune Defic Syndr.
1993;64:40-6.

110. Shirley LR, Ross SA. Risk of transmission of human immunodeficiency virus
by bite of an infected toddler. J Pediatr. 1989;114(3):425-7.

111. Drummond R. Seronegative 18 months after being bitten by a patient
with AIDS. JAMA. 1986;256(17):2342-3.

112. Romea S, Alkiza ME, Ramon JM, Oromi J. Risk for occupational transmis-
sion of HIV infection among health care workers. Eur J Epidemiol. 1995;11
(2):225-9.

113. Verrusio AC. Risk of transmission of the human immunodeficiency virus to
health care workers exposed to HIV-infected patients: a review. JADS.
1989;118(3):339-42.

114. Henderson DK, Fahey BJ, Willy M, Schmitt JM, Carey K, Koziol DE, et al.
Risk for occupational transmission of human immunodeficiency virus type 1
(HIV-1) associated with clinical exposures: a prospective evaluation. Ann Intern
Med. 1990;113(10):740-6.

115. Tereskerz PM, Bentley M, Jagger J. Risk of HIV-1 infection after human
bites. Lancet. 1996;348(9040):1512.

116. Sabin CA, Lundgren JD. The natural history of HIV infection. Curr Opin
HIV AIDS. 2013;8(4):311-7.

117. Okulicz JF, Marconi VC, Landrum ML, Wegner S, Weintrob A, Ganesan A,
et al. Clinical outcomes of elite controllers, viremic controllers, and long-term
nonprogressors in the US Department of Defense HIV Natural History Study. J
Infect Dis. 2009;200(11):1714-23.

118. McManus H, O'Connor CC, Boyd M, Broom J, Russell D, Watson K, et al.
Long-term survival in HIV positive patients with up to 15 years of antiretroviral
therapy. PLoS ONE. 2012;7(11):e48839.

119. Lee FJ, Amin J, Carr A. Efficacy of initial antiretroviral therapy for HIV-1
infection in adults: a systematic review and meta-analysis of 114 studies with
up to 144 weeks’ follow-up. PLoS ONE. 2014;9(5):e97482.

120. The INSIGHT START Study Group. Initiation of antiretroviral therapy in
early asymptomatic HIV infection. N Engl J Med. 2015;373(9):795-807.

121. Stephan C, Hill A, Sawyer W, van Delft Y, Moecklinghoff C. Impact of
baseline HIV-1 RNA levels on initial highly active antiretroviral therapy outcome:
a meta-analysis of 12,370 patients in 21 clinical trials. HIV Med. 2013;14
(5):284-92.

122. Trickey A, May M, Vehreschild J-J, Obel N, Gill MJ, Crane H, et al. Sur-
vival of HIV-positive patients starting antiretroviral therapy between 1996 and
2013: a collaborative analysis of cohort studies. Lancet HIV. 2017:4(8):
e349-56.

123. Patterson S, Cescon A, Samji H, Chan K, Zhang W, Raboud J, et al. Life
expectancy of HIV-positive individuals on combination antiretroviral therapy in
Canada. BMC Infect Dis. 2015;17(15):274.

124. Zhu H, Napravnik S, Eron JJ, Cole SR, Ma Y, Wohl DA, et al. Decreasing
excess mortality of HIV-infected patients initiating antiretroviral therapy: com-
parison with mortality in general population in China, 2003-2009. J Acquir
Immune Defic Syndr. 2013;63(5):e150-7.

125. Teeraananchai S, Kerr SJ, Amin J, Ruxrungtham K, Law MG. Life expec-
tancy of HIV-positive people after starting combination antiretroviral therapy: a
meta-analysis. HIV Med. 2017;18(4):256-66.

126. Lohse N, Obel N. Update of survival for persons with HIV infection in
Denmark. Ann Intern Med. 2016;165(10):749-50.

127. Price AJ, Glynn J, Chihana M, Kayuni N, Floyd S, Slaymaker E, et al. Sus-
tained 10-year gain in adult life expectancy following antiretroviral therapy roll-
out in rural Malawi: July 2005 to June 2014. Int J Epidemiol. 2017;46(2):479—
91.

128. Nsanzimana S, Remera E, Kanters S, Chan K, Forrest JI, Ford N, et al. Life
expectancy among HIV-positive patients in Rwanda: a retrospective observa-
tional cohort study. Lancet Glob Health. 2015;3(3):e169-77.

129. Johnson LF, Mossong J, Dorrington RE, Schomaker M, Hoffmann CJ, Kei-
ser O, et al. International Epidemiologic Databases to Evaluate AIDS Southern
Africa Collaboration. Life expectancies of South African adults starting antiretro-
viral treatment: collaborative analysis of cohort studies. PLoS Med. 2013;10(4):
e1001418.

130. Reniers G, Blom S, Calvert C, Martin-Onraet A, Herbst AJ, Eaton JW,
et al. Trends in the burden of HIV mortality after roll-out of antiretroviral ther-
apy in KwaZulu-Natal, South Africa: an observational community cohort study.
Lancet HIV. 2017;4(3):.e113-21.

131. Gueler A, Moser A, Calmy A, Glinthard HF, Bernasconi E, Furrer H, et al.
Life expectancy in HIV-positive persons in Switzerland: matched comparison
with general population. AIDS. 2017;31(3):427-36.

132. Teeraananchai S, Chaivooth S, Kerr SJ, Bhakeecheep S, Avihingsanon A,
Teeraratkul A, et al. Life expectancy after initiation of combination antiretroviral
therapy in Thailand. Antivir Ther. 2017;22:393-402.

133. Asiki G, Reniers G, Newton R, Baisley K, Nakiyingi-Miiro J, Slaymaker E,
et al. Adult life expectancy trends in the era of antiretroviral treatment in rural
Uganda (1991-2012). AIDS. 2016;30(3):487-93.

134. May MT, Gompels M, Delpech V, Porter K, Orkin C, Kegg S, et al. Impact
on life expectancy of HIV-1 positive individuals of CD4+ cell count and viral
load response to antiretroviral therapy. AIDS. 2014;28(8):1193-202.

135. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, et al. Clos-
ing the gap: increases in life expectancy among treated HIV-positive individuals
in the United States and Canada. PLoS ONE. 2013;8(12):e81355.

136. Siddigi AE, Hall HI, Hu X, Song R. Population-based estimates of life
expectancy after HIV diagnosis: United States 2008-2011. J Acquir Immune
Defic Syndr. 2016;72(2):230-6.

137. Marcus JL, Chao CR, Leyden WA, Xu L, Quesenberry CP Jr, Klein DB,
et al. Narrowing the gap in life expectancy between HIV-infected and HIV-unin-
fected individuals with access to care. J Acquir Immune Defic Syndr. 2016;73
(1):39-46.

8518017 SUOILIOD @A eRID) 3|eol|dde au) Aq peusenob a2 91 VO '8N JO Seinl Joj Akeig1 8UIIUO AB]IA UO (SUONIPUCD-PUe-SLLLR)WICO™A8 1M Ae1q 1 jBu Uo//Schl) SUOIIPUOD pue SWB | U 88s *[£202/TT/20] uo Ariqiaulluo A8|1m '(S1a) enbiynusios UoirewLiojuL, | 3p UOKIAIQ ‘3raUeD ap alsBAIUN,| 8p anbauoljqig Ad TOTSZ Zell/200T 0T/10p/L0o A3 Im ARIgipuljuo//SdNy Woly papeo|umoq ‘. ‘8TOZ ‘Z5928SLT


https://onlinelibrary.wiley.com/doi/abs/10.1111/hiv.12625
https://onlinelibrary.wiley.com/doi/abs/10.1111/hiv.12625
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full
https://doi.org/10.1002/jia2.25161

Barré-Sinoussi F et al. Journal of the International AIDS Society 2018, 21:e25161

http://onlinelibrarywiley.com/doi/10.1002/jia2.25161/full | https://doi.org/10.1002/jia2.25161

138. Furuya-Kanamori L, Kelly MD, McKenzie SJ. Co-morbidity, ageing and pre-
dicted mortality in antiretroviral treated Australian men: a quantitative analysis.
PLoS ONE. 2013;8(10):e78403.

139. van Sighem Al, Gras LA, Reiss P, Brinkman K, de Wolf F. Life expectancy
of recently diagnosed asymptomatic HIV-infected patients approaches that of
uninfected individuals. AIDS. 2010;24(10):1527-35.

140. Nglazi M, West S, Dave J, Levitt N, Lambert E. Quality of life in individuals
living with HIV/AIDS attending a public sector antiretroviral service in Cape
Town, South Africa. BMC Public Health. 2014:3(14):676.

141. Wandeler G, Johnson LF, Egger M. Trends in life expectancy of HIV-posi-
tive adults on antiretroviral therapy across the globe: comparisons with general
population. Curr Opin HIV AIDS. 2016;11(5):492-500.

142. Palella FJ Jr, Baker RK, Moorman AC, Chmiel JS, Wood KC, Brooks JT,
et al. Mortality in the highly active antiretroviral therapy era: changing causes of
death and disease in the HIV outpatient study. J Acquir Immune Defic Syndr.
2006;43(1):27-34.

143. Crum NF, Riffenburgh RH, Wegner S, Agan BK, Tasker SA, Spooner KM,
et al. Comparisons of causes of death and mortality rates among HIV-infected
persons: analysis of the pre- early, and late HAART (highly active antiretroviral
therapy) eras. J Acquir Immune Defic Syndr. 2006;41(2):194-200.

144. Deeks SG, Phillips AN. HIV infection, antiretroviral treatment, ageing, and
non-AIDS related morbidity. BMJ. 2009;31(338):288-92.

145. Kojic EM, Wang CC, Cu-Uvin S. HIV and menopause: a review. J Womens
Health (Larchmt). 2007;16(10):1402-11.

146. Manfredi R. HIV disease and advanced age: an increasing therapeutic
challenge. Drugs Aging. 2002;19(9):647-69.

147. Manfredi R. HIV infection and advanced age emerging epidemiological,
clinical, and management issues. Ageing Res Rev. 2004;3(1):31-54.

148. Serrano-Villar S, Gutiérrez F, Miralles C, Berenguer J, Rivero A, Martinez
E, et al. Human immunodeficiency virus as a chronic disease: evaluation and
management of nonacquired immune deficiency syndrome-defining conditions.
Open Forum Infect Dis. 2016;3(2):0fw097.

149. Narayan KM, Miotti PG, Anand NP, Kline LM, Harmston C, Gulakowski R
3rd, et al. HIV and noncommunicable disease comorbidities in the era of
antiretroviral therapy: a vital agenda for research in low- and middle-income
country settings. J Acquir Immune Defic Syndr. 2014;1(67 Suppl 1):52-7.

150. Bloomfield GS, Khazanie P, Morris A, Rabadan-Diehl C, Benjamin LA, Mur-
doch D, et al. HIV and noncommunicable cardiovascular and pulmonary diseases
in low- and middle-income countries in the ART era: what we know and best
directions for future research. J Acquir Immune Defic Syndr. 2014;1(67 Suppl
1):540-53.

151. Helleberg M, Afzal S, Kronborg G, Larsen CS, Pedersen G, Pedersen C,
et al. Mortality attributable to smoking among HIV-1-infected individuals: a
nationwide. Population-Based Cohort Study. Clin Infect Dis. 2013;56(5):727-34.
152. Rodriguez B, Sethi AK, Cheruvu VK, Mackay W, Bosch RJ, Kitahata M,
et al. Predictive value of plasma HIV RNA level on rate of CD4 T-cell decline in
untreated HIV infection. J Am Med Assoc. 2006;296(12):1498-506.

153. Bernard E, Azad Y, Delpech V, Geretti AM. HIV Forensics Il: estimating
the likelihood of recent HIV infection: implications for criminal prosecution. Lon-
don: National AIDS Trust; 2011.

154. Goodenow M, Huet T, Saurin W, Kwok S, Sninsky J, Wain-Hobson S. HIV-
1 isolates are rapidly evolving quasispecies: evidence for viral mixtures and pre-
ferred nucleotide substitutions. J Acquir Immune Defic Syndr. 1989;2:344-52.
155. Abecasis A, Pingarilho M, Vandamme A-M. Phylogenetic analysis as a
forensic tool in HIV transmission investigations: a literature review. AIDS.
2017;26(31):2017.

156. Romero-Severson E, Skar H, Bulla I, Albert J, Leitner T. Timing and order
of transmission events is not directly reflected in a pathogen phylogeny. Mol
Biol Evol. 2014;31:2472-82.

157. Rambaut A, Posada D, Crandall KA, Holmes EC. The causes and conse-
quences of HIV evolution. Nat Rev Genet. 2004;5:52-61.

158. Bernard EJ, Azad Y, Vandamme AM, Weait M, Geretti AM. HIV forensics:
pitfalls and acceptable standards in the use of phylogenetic analysis as evidence
in criminal investigations of HIV transmission. HIV Med. 2007;8(6):382-7.

159. Romero-Severson EO, Bulla I, Leitner T. Phylogenetically resolving epi-
demiologic linkage. Proc Natl Acad Sci USA. 2016;113(10):2690-5.

160. Huelsenbeck J, Hillis DM. Success of phylogenetic methods in the four-
taxon case. Syst Biol. 1993;42(3):247-64.

161. Wertheim JO, Sanderson MJ, Worobey M, Bjork A. Relaxed molecular
clocks, the bias-variance trade-off, and the quality of phylogenetic inference. Syst
Biol. 2010;59:1-8.

162. Gonzélez-Candelas F, Bracho MA, Wrébel B, Moya A. Molecular evolution
in court: analysis of a large hepatitis C virus outbreak from an evolving source.
BMC Biol. 2013;11:76.

163. Abecasis AB, Geretti AM, Albert J, Power L, Weait M, Vandamme A-M. Science
in court: the myth of HIV fingerprinting. Lancet Infect Dis. 2011;11(2):78-9.

164. Ou CY, Ciesielski CA, Myers G, Bandea Cl, Luo CC, Korber BT, et al.
Molecular epidemiology of HIV transmission in a dental practice. Science.
1992;256:1165-71.

165. Smith TF, Waterman MS. The continuing case of the Florida dentist.
Science. 1992;256:1155-6.

166. DeBry RW, Abele LG, Weiss SH, Hill MD, Bouzas M, Lorenzo E, et al.
Dental HIV transmission? Nature. 1993;361:691.

167. Lemey P, Van Dooren S, Van Laethem K, Schrooten Y, Derdelinckx I, Gou-
bau P, et al. Molecular testing of multiple HIV-1 transmissions in a criminal case.
AIDS Lond Engl. 2005;19:1649-58.

168. Goedhals D, Rossouw |, Hallbauer U, Mamabolo M, de Oliveira T. The
tainted milk of human kindness. Lancet Lond Engl. 2012;380:702.

169. Paraschiv S, Banica L, Nicolae |, Niculescu |, Abagiu A, Jipa R, et al. Epi-
demic dispersion of HIV and HCV in a population of co-infected Romanian
injecting drug users. PLoS ONE. 2017;12:e0185866.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Supplementary Material S1. Endorsers of the Expert Consen-
sus Statement.

Supplementary Material S2. Executive Summary Expert Con-
sensus Statement.

Supplementary Material S3. Expert Consensus Statement
FRENCH Translation.

Supplementary Material S4. Expert Consensus Statement
RUSSIAN Translation.

Supplementary Material S5. Expert Consensus Statement
SPANISH Translation.

8518017 SUOILIOD @A eRID) 3|eol|dde au) Aq peusenob a2 91 VO '8N JO Seinl Joj Akeig1 8UIIUO AB]IA UO (SUONIPUCD-PUe-SLLLR)WICO™A8 1M Ae1q 1 jBu Uo//Schl) SUOIIPUOD pue SWB | U 88s *[£202/TT/20] uo Ariqiaulluo A8|1m '(S1a) enbiynusios UoirewLiojuL, | 3p UOKIAIQ ‘3raUeD ap alsBAIUN,| 8p anbauoljqig Ad TOTSZ Zell/200T 0T/10p/L0o A3 Im ARIgipuljuo//SdNy Woly papeo|umoq ‘. ‘8TOZ ‘Z5928SLT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25161/full
https://doi.org/10.1002/jia2.25161

	Outline placeholder
	tbl1
	tbl2
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib32
	bib33
	bib34
	bib35
	bib36
	bib37
	bib38
	bib39
	bib40
	bib41
	bib42
	bib43
	bib44
	bib45
	bib46
	bib47
	bib48
	bib49
	bib50
	bib51
	bib52
	bib53
	bib54
	bib55
	bib56
	bib57
	bib58
	bib59
	bib60
	bib61
	bib62
	bib63
	bib64
	bib65
	bib66
	bib67
	bib68
	bib69
	bib70
	bib71
	bib72
	bib73
	bib74
	bib75
	bib76
	bib77
	bib78
	bib79
	bib80
	bib81
	bib82
	bib83
	bib84
	bib85
	bib86
	bib87
	bib88
	bib89
	bib90
	bib91
	bib92
	bib93
	bib94
	bib95
	bib96
	bib97
	bib98
	bib99
	bib100
	bib101
	bib102
	bib103
	bib104
	bib105
	bib106
	bib107
	bib108
	bib109
	bib110
	bib111
	bib112
	bib113
	bib114
	bib115
	bib116
	bib117
	bib118
	bib119
	bib120
	bib121
	bib122
	bib123
	bib124
	bib125
	bib126
	bib127
	bib128
	bib129
	bib130
	bib131
	bib132
	bib133
	bib134
	bib135
	bib136
	bib137
	bib138
	bib139
	bib140
	bib141
	bib142
	bib143
	bib144
	bib145
	bib146
	bib147
	bib148
	bib149
	bib150
	bib151
	bib152
	bib153
	bib154
	bib155
	bib156
	bib157
	bib158
	bib159
	bib160
	bib161
	bib162
	bib163
	bib164
	bib165
	bib166
	bib167
	bib168
	bib169


