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The potential for antiretroviral therapy to 
reduce HIV transmission, a strategy known 
as “treatment as prevention,”1–4 is important 

in light of unrelenting HIV transmission. The Pub-
lic Health Agency of Canada has estimated that the 
number of new cases of HIV infection in Canada in 
2014 was 2570 (range 1950–3200), marginally 
lower than in previous reports.5 Treatment as pre-
vention may be of particular relevance for men 
who have sex with men (MSM), a group that 
accounts for more than half of these infections.5 To 
enable practitioners to discuss treatment as preven-
tion with MSM, we outline here the evidence sup-
porting and undermining this approach. We also 
discuss HIV transmission cofactors and differences 
in transmission between randomized controlled 
trials and population-based studies. A nuanced 
review of this literature is necessary because 
research has highlighted that some MSM consider 
treatment as prevention — in isolation from other 
prevention strategies — to be more protective than 
it may actually be. As a consequence, practitioners 
must be able to provide factual information about 
treatment as prevention on the basis of what is 
known, including the points that most relevant data 
arise from samples of heterosexual couples and that 
treatment as prevention is usually studied as one 
component of a combination prevention strategy. 
Importantly, although treatment as prevention 
could include all strategies that use antiretroviral 

medications to prevent HIV transmission, here we 
use the term to refer to use of these medications by 
people in whom HIV infection has been diagnosed 
and the effect of such therapy on HIV transmission 
to sexual partners. We do not discuss the use of 
antiretroviral medication by HIV-negative people 
(e.g., as pre- or post-exposure prophylaxis). 

What evidence supports HIV 
treatment as prevention?

The relation between plasma HIV viral load and 
HIV transmission among individuals not receiv-
ing antiretroviral therapy has been recognized 
for some time.6,7 More recent studies have 
extended these findings to HIV-positive individ-
uals receiving antiretroviral therapy. In a study 
published in 2010, researchers following a pro-
spective cohort of 3381 serodiscordant hetero-
sexual couples in Africa documented 103 phylo-
genetically linked cases of seroconversion.8 Only 
one of these transmission events occurred within 
a couple in which the HIV-positive partner was 
receiving antiretroviral therapy.8 The authors 
concluded that “[antiretroviral therapy] use by 
HIV-1 infected participants was associated with 
a 92% reduction in risk of transmission.”8 

To clarify the relation between antiretroviral 
therapy and HIV transmission, Cohen and col-
leagues9 undertook a randomized controlled trial 
(known as HPTN052) involving 1763 serodiscor-
dant couples (97% heterosexual). The HIV-positive 
partner was randomly assigned to start antiretro-
viral therapy immediately or to delay treatment 
until indicated by existing clinical guidelines. In 
both study arms, participants were followed 
monthly for three months and quarterly thereafter. 
Importantly, 96% of participants in both groups 
reported condom use during all sexual contacts. In 
total, 27 phylogenetically linked HIV transmissions 
occurred: 1 in the group with immediate antiretro-
viral therapy and 26 in the delayed-treatment group 
(with all transmissions occurring before initiation 
of antiretroviral therapy).9 These data suggest that, 
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among heterosexual people who consistently used 
condoms, the addition of antiretroviral therapy fur-
ther reduced HIV transmission by about 96%. An 
important caveat to this study is that it examined 
the effect of antiretroviral therapy on HIV transmis-
sion in the context of consistent condom use, not 
the effect of treatment alone. Given that it is often 
the latter issue on which patients seek guidance, it 
is important to keep in mind that, among all pub-
lished studies on treatment as prevention, there 
have been only “330 couple-years when condoms 
were not being used.”10

The Partner Study, currently underway, 
expands on HPTN052 and was designed to 
address perhaps more “real-world” questions.11 
The study involves 1110 serodiscordant couples 
(40% MSM) who engage in unprotected sex at 
least some of the time, with the HIV-positive 
partner receiving antiretroviral therapy and hav-
ing a plasma viral load less than 200 copies/mL. 
A recent interim analysis of a subset of 767 cou-
ples showed no phylogenetically linked HIV 
transmissions.11 Notably, 343 couples were 
excluded from the interim analysis because data 
were missing (71% of exclusions), the HIV-
positive partner’s plasma viral load had increased 
to more than 200  copies/mL (16%), HIV test 
results were not available (5%), there had been 
no sexual contact between the partners (3%), or 
the HIV-negative partner opted to use pre- or 
post-exposure prophylaxis (3%). Data are cur-
rently not available about HIV transmissions 
among the excluded participants.11

Does all evidence support 
treatment as prevention?

Not all research has found that antiretroviral ther-
apy reduces HIV transmission. In a retrospective 
study of 1927 serodiscordant heterosexual cou-
ples with 84 cases of seroconversion, conducted 
in rural China, Lu and colleagues12 found no “sta-
tistical difference in the seroconversion rates 
between those couples who had a spouse on ART 
[antiretroviral therapy] (transmission in 4.8% of 
couples), and those couples whose HIV-positive 
spouse was not on ART (transmission in 3.2% of 
couples)” (p = 0.12). The authors concluded that, 
in the absence of other prevention efforts and 
intense monitoring to ensure appropriate viro-
logic control and consistent medication usage (as 
occurs in clinical trials), treatment as prevention 
may not always prevent HIV transmission.12 In 
their study,12 no such monitoring occurred, which 
suggests that the secondary prevention benefits of 
treatment as prevention may be less likely to 
materialize in the absence of regular HIV care.

Similarly, in a two-year observational study 
of  586 serodiscordant heterosexual couples in 
rural Uganda, where routine monitoring of viral 
load and CD4+ T cell count was not available, 
eight  cases of seroconversion occurred in the 
group not receiving antiretroviral therapy and nine 
in the group receiving therapy.13 Reported condom 
use was 51% and 67% among those receiving and 
not receiving antiretroviral therapy, respectively.13 
Birungi and colleagues13 concluded that a number 
of factors influence HIV transmission and that, in 
the absence of routine monitoring and access to 
HIV care, these factors appear to reduce the pre-
vention benefits of treatment as prevention.

Several methodologically varied epidemiologic 
analyses have also suggested surprising HIV inci-
dence outcomes among MSM, in spite of treat-
ment as prevention. Specifically, in North Amer-
ica, western Europe and Australia, notwithstanding 
high levels of HIV-status awareness and increas-
ing coverage for antiretroviral therapy, HIV inci-
dence among MSM has been increasing.14–18 In 
British Columbia, where researchers have stated 
that treatment as prevention has led to a decrease 
in total HIV transmissions,1 HIV incidence among 
MSM reportedly “increased by 13% from 2005 to 
2008.”4 Confounding factors affecting HIV trans-
mission, such as Vancouver’s safe injection site, 
needle exchange and peer-based prevention strate-
gies, may have played a role in reducing overall 
HIV incidence in British Columbia, thus limiting 
conclusions about the extent to which treatment as 
prevention can prevent HIV transmission at the 
population level.4 Similar debates have occurred in 
San Francisco, where some have argued that stabi-
lized rates of HIV transmission among MSM are 
exclusively the result of antiretroviral therapy,2 
with others asserting that the relatively stabilized 
HIV incidence is due to a combination of serosort-
ing and increased HIV-status awareness19 (where 
serosorting is the practice of engaging in sexual 
activities that can transmit HIV only with partners 
of concordant HIV status, either as total serosort-
ing [a person has sex only with those whose HIV 
status is concordant] or as condom serosorting [a 
person bases the decision to use a condom on con-
cordance or discordance of the other person’s HIV 
status]). As such, when taken together, these eco-
logic data raise unanswered questions about treat-
ment as prevention.

What factors affect treatment 
as prevention?

The variability in data supporting or undermining 
treatment as prevention is likely rooted in the fact 
that HIV transmission is simultaneously influ-
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enced by several factors, not all of which may be 
present (or present to the same degree) in every 
sexual encounter. Here, we focus on four such 
factors that have been empirically examined and 
that relate to clinical practice: differences 
between plasma and genital HIV viral loads, sex-
ually transmitted infections, access to health care 
and compensatory decreases in condom use. 

First, HIV replication dynamics and antiretro-
viral drug penetration vary across different body 
compartments.20–22 This variability raises the 
question of whether an undetectable plasma HIV 
viral load reliably predicts an undetectable viral 
load in the genital tract. Simply put, although 
most published studies have reported a general 
correlation between viral loads in these two 
body compartments,23 some studies have found 
discordance in viral loads between blood and 
genital fluids. Politch and colleagues20 analyzed 
paired blood and semen samples from 
101  HIV-positive MSM who were receiving 
anti retroviral therapy and found that 25% of 
those with an undetectable plasma viral load 
had detectable HIV in semen, ranging from 80 
to 2560  copies/mL. In an analysis of time-
matched blood and semen samples from 33 men 
who had undetectable plasma viral loads for 
more than six months, no urethral sexually trans-
mitted diseases, no comorbidities and consistent 
antiretroviral therapy use, Lorello and col-
leagues21 found that 6.1% of participants with 
undetectable plasma viral loads had detectable 
semen HIV viral loads above 700  copies/mL. 
Similar findings emerged from two studies in 
France involving 157 and 304 patients, respec-
tively, who were receiving antiretroviral therapy 
and who had undetectable plasma viral loads, 
with each study reporting detectable HIV RNA 
in semen, up to 1475 and 2365 copies/mL 
among 7.6% and 6.6% of participants, respec-
tively.24,25 Likewise, in a prospective study of 
25  HIV-positive men initiating antiretroviral 
therapy, Sheth and colleagues22 detected HIV 
RNA, ranging from 6672 to 16 026 copies/mL, 
in 12 (48%) of 25 participants during at least one 
study visit over 24 weeks, while their plasma 
viral loads remained undetectable throughout. 
These data suggest that, although plasma and 
seminal HIV viral loads may be correlated at the 
group level, an undetectable viral load in the 
blood does not always ensure an undetectable 
viral load in the semen at the individual level, a 
conclusion that reflects clinical practice. Further-
more, it is noteworthy that, although a lower 
viral load often corresponds to a decreased prob-
ability of transmission, the precise level of sem-
inal viral load needed for efficient HIV transmis-
sion has not been empirically determined. Thus, 

even if the correlation between plasma and semi-
nal fluids were exact, the precise threshold below 
which transmission would not occur is unknown. 

Second, because of T cell activation, sexually 
transmitted infections in the genital tract can 
induce local HIV replication.26,27 In one case–
control study involving 135 HIV-positive men not 
receiving antiretroviral therapy, Cohen and col-
leagues26 found that HIV viral loads in semen 
were eight times higher among men with ureth-
ritis than among controls, despite comparable 
plasma viral loads. More recent studies are con-
flicting as to whether antiretroviral therapy miti-
gates the effect of sexually transmitted infections. 
In their analysis of 36 HIV-positive men with 
symptomatic urethritis who were receiving anti-
retroviral therapy, Sadiq and colleagues27 found 
that urethral infections were associated with 
increased seminal HIV viral loads primarily in 
participants whose plasma viral loads were not 
controlled by antiretroviral therapy, although 
two participants did have detectable viral loads in 
semen but not blood. Likewise, Kelley and col-
leagues28 did not identify any relationship 
between rectal sexually transmitted infections and 
increased viral load in rectal secretions among 
80 HIV-positive men receiving antiretroviral ther-
apy. These results contrast with those of Politch 
and colleagues,20 who found that urethritis and 
unprotected insertive anal intercourse were inde-
pendent predictors of seminal HIV detection 
among men who were receiving effective anti-
retroviral therapy and who had undetectable 
plasma viral loads. Notwithstanding these variable 
findings, no phylogenetically linked HIV trans-
missions occurred in the Partner Study,11 
described above, despite 45 (16%) of the 282 
MSM couples having a diagnosis of a sexually 
transmitted infection. 

Third, as suggested by the aforementioned 
studies in rural China12 and rural Uganda,13 treat-
ment as prevention will function only if people 
have access to care. When such access is limited, 
HIV viral loads cannot be monitored, sexually 
transmitted infections cannot be treated, impor-
tant psychosocial factors cannot be addressed, 
and the outcome may be a similar rate of HIV 
transmission, irrespective of antiretroviral ther-
apy use.12,13 This situation highlights how access 
to care and the ability to address HIV transmis-
sion cofactors may potentially strengthen or 
weaken the extent to which treatment as preven-
tion can prevent HIV transmission. Access to 
care is also important with regard to consistent 
and appropriate medication usage. Recent analy-
ses of data from 95 studies (n = 16 907 patients) 
in which general medication use was measured 
through electronic monitoring devices suggest 
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that, by day 100, about 10% of patients no lon-
ger used their medications as prescribed and 
20% had discontinued treatment; by one year, 
these rates climbed to half not taking their medi-
cations as prescribed and 40% having discontin-
ued therapy.29 As such, access to care is not lim-
ited to receiving prescriptions but also includes 
monitoring and support regarding the use of 
these medications.30 This point is important in 
the interpretation of clinical studies, given that 
participants in randomized controlled trials are 
rigorously monitored and counselled, and they 
receive additional prevention services, the 
absence of which may undermine the prevention 
effects of treatment as prevention.

Fourth, compensatory increases in unprotected 
sex, suggested by recent international studies and 
reports of increasing bacterial sex ually transmitted 
infections among MSM,19 could offset the HIV 
prevention outcomes associated with treatment as 
prevention. In San Francisco, for example, Katz 
and colleagues31 analyzed elevated HIV incidence 
in light of increases in self-reported rates of 
unprotected sex in a multiyear cross-sectional 
survey (n = 26 176 MSM). They concluded that 
“any decrease in per contact risk of HIV trans-
mission due to HAART [highly active antiretro-
viral therapy] use appears to have been counter-
balanced or overwhelmed by increases in the 
number of unsafe sexual episodes.”31 Although it 
cannot be known with certainty, this so-called 
compensatory behavioural disinhibition may 
relate to beliefs that antiretroviral therapy com-
pletely prevents HIV transmission.19 Supporting 
this hypothesis are findings from a meta-
analysis of 25 studies by Crepaz and colleagues,32 
who found that the belief that antiretroviral ther-
apy prevents transmission was associated with a 
near doubling of unprotected sex.

Taken together, these four factors may explain 
the current paradoxical situation surrounding 
treatment as prevention; that is, while empirical 
evidence from controlled clinical trials suggests 
that antiretroviral therapy significantly reduces 
HIV transmission, corresponding data from 
popu lation-based studies show that, despite 
increased antiretroviral therapy usage and viral 
load suppression, there are persistent or increas-
ing rates of HIV transmission among MSM in 
many locations. Several observational studies 
have even failed to show the strong anticipated 
effects of treatment as prevention among 
MSM.15,17 The data informing current under-
standing about treatment as prevention thus rein-
force the idea that HIV transmission is complex 
and that successful prevention, for people living 
with HIV, will likely rely more on combined 
strategies than on antiretroviral medication alone.  

Where to go from here?

To further inform clinical guidelines and recom-
mendations about treatment as prevention (sum-
marized in Table 1),33–39 additional research is 
needed to establish the effects of antiretroviral ther-
apy in situations that more closely resemble real-
world sexual practices and clinical practice. Such 
studies should, for example, involve clinical moni-
toring of plasma viral loads at frequencies reflect-
ing normal practice (i.e., every three to six months), 
should include identification of transmissions to 
and from casual and anonymous sexual partners 
(not just long-term partners) and should address the 
impact of untreated sexually transmitted infections 
(whether asymptomatic or not). Further research 
should also not assume that all antiretroviral drug 
combinations yield similar results. The varied phar-
macodynamics of these medications (in terms of 
their half-lives and drug concentrations) in different 
body compartments may influence results, and data 
are needed to determine whether certain medica-
tions are more or less protective than others.

Conclusion

According to the available literature, treatment 
as prevention appears to significantly reduce 
HIV transmission, albeit with limitations. 
Indeed, current research seems to highlight that, 
for treatment as prevention to have its greatest 
impact, patients must be closely monitored for 
medication usage, continued suppression of the 
plasma HIV viral load, timely detection and 
treatment of sexually transmitted infections, sex-
ual health counselling and, if required, appropri-
ate attention to other health issues. The data fur-
ther indicate that treatment as prevention works 
best in combination with other prevention strate-
gies, specifically consistent condom use.

Current data are limited regarding treatment as 
prevention as an isolated prevention strategy, 
specifically with respect to prevention outcomes 
among MSM. Furthermore, many of the data 
favouring treatment as prevention are based on 
group-level probabilities, although research has 
identified individual-level variability in viral load 
suppression. Notwithstanding these shortcom-
ings, treatment as prevention is clearly an impor-
tant addition to the armamentarium of HIV pre-
vention strategies. However, practitioners must 
be cognizant of the aforementioned limitations so 
they can inform patients of what is actually 
known, rather than raising false expectations as 
to  the real-world effectiveness of treatment as 
prevention. 

In short, treatment as prevention is an important 
component of combination prevention and appears 
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to work best (and perhaps only) in conjunction with 
routine clinical care. With an appropriately 
nuanced appreciation of how and when treatment 

as prevention appears to work, it is thus possible for 
this approach to help decrease ongoing HIV trans-
mission, which disproportionately affects MSM.

Table 1: Summary of recommendations for HIV treatment that have implications for treatment as prevention

Organization
Date 

published Recommendations

British HIV Association33 November 
2013

• “ART lowers, rather than eliminates, the risk of 
transmission; other prevention strategies, including 
male and female condoms[,] continue to be 
recommended to address concerns of any residual risk 
of transmission” (p. 24).  

• “For a patient with a CD4 cell count > 350/μL, it is 
uncertain whether any benefits of immediate 
treatment to their own health will be outweighed by 
any harm” (p. 24).

British Columbia Centre for 
Excellence in HIV/AIDS34

September 
2015

“ART is most strongly recommended … in the following 
situations:
• Symptomatic HIV infection …
• Lower CD4 cell counts
• The HIV-infected member of a serodiscordant couple, 

regardless of symptoms or CD4 count, to prevent 
transmission to the HIV-uninfected partner” (p. 10).

Centers for Disease Control 
and Prevention (US)35

December 
2014

“[R]ecommend ART for all persons with HIV, regardless 
of CD4 cell count, to improve their health, prolong their 
lives, and reduce their risk of transmitting HIV to 
others” (p. 69, emphasis in the original).

Commission d’experts 
clinique et thérapie VIH et 
sida (also known as the 
“Swiss Statement”)36

2008 “An HIV-positive individual not suffering from any other 
STD and adhering to antiretroviral therapy (ART) with a 
completely suppressed viremia … does not transmit HIV 
sexually, i.e., he/she cannot pass on the virus through 
sexual contact[,] … provided that:
• the HIV-positive individual fully complies with the 

antiretroviral therapy and is monitored by an 
attending physician;

• the viral load … has been non-detectable for at least 
six months (i.e., viremia has been suppressed for at 
least six months);

• the HIV-positive individual does not have any other 
sexually transmitted disease” (p. 3, emphasis in the 
original).

International Antiviral 
Society37

July 2014 • “ART is recommended for the treatment of HIV 
infection and for the prevention of transmission of 
HIV” (p. 412).

• “ART is recommended regardless of CD4 cell count” 
(p. 412).

US Department of Health 
and Human Services38

April 2015 • “ART should be initiated in patients with CD4 counts 
[of] 350 to 500 cell/mm3” (p. E-3). 

• “Recent evidence demonstrating the public health 
benefit of earlier initiation of ART in reducing HIV 
transmission further supports the strength of this 
recommendation” (p. E-3). 

• “ART [should] be offered to patients who are at risk of 
transmitting HIV to sexual partners” (p. E-11).

World Health Organization39 June 2013 • Initiate antiretroviral medications for persons with 
CD4+ cell count ≤ 500 cell/mm3

• Prioritize antiretroviral medications to persons with 
CD4+ counts of ≤ 350 cell/mm3

• “HIV-positive partners with a CD4+ count 
≥ 350 cells/mm3 in serodiscordant couples should be 
offered ART to reduce HIV transmission to uninfected 
partners” (section 5.2.2).

Note: ART = antiretroviral therapy, STD = sexually transmitted disease.
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