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Background: Effective HIV prevention programs rely on accurate estimates of the per-
act risk of HIV acquisition from sexual and parenteral exposures. We updated the
previous risk estimates of HIV acquisition from parenteral, vertical, and sexual
exposures, and assessed the modifying effects of factors including condom use, male
circumcision, and antiretroviral therapy.

Methods: We conducted literature searches to identify new studies reporting data
regarding per-act HIV transmission risk and modifying factors. Of the 7339 abstracts
potentially related to per-act HIV transmission risk, 3 meta-analyses provided pooled
per-act transmission risk probabilities and 2 studies provided data on modifying factors.
Of the 8119 abstracts related to modifying factors, 15 relevant articles, including
3 meta-analyses, were included. We used fixed-effects inverse-variance models on the
logarithmic scale to obtain updated estimates of certain transmission risks using data
from primary studies, and employed Poisson regression to calculate relative risks with
exact 95% confidence intervals for certain modifying factors.

Results: Risk of HIV transmission was greatest for blood transfusion, followed by
vertical exposure, sexual exposures, and other parenteral exposures. Sexual exposure
risks ranged from low for oral sex to 138 infections per 10 000 exposures for receptive
anal intercourse. Estimated risks of HIV acquisition from sexual exposure were
attenuated by 99.2% with the dual use of condoms and antiretroviral treatment of
the HIV-infected partner.

Conclusion: The risk of HIV acquisition varied widely, and the estimates for receptive
anal intercourse increased compared with previous estimates. The risk associated with
sexual intercourse was reduced most substantially by the combined use of condoms and
antiretroviral treatment of HIV-infected partners.

� 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins
AIDS 2014, 28:000–000
Keywords: HIV, per-act, prevention, risk, transmission
Introduction

Accurate estimates of per-act HIV transmission risk from
various exposures are necessary for individuals and public
health programs to prevent infection. When the Centers
for Disease Control and Prevention (CDC) last produced
estimates in 2005 [1], many per-act transmission
probabilities for sexual exposures [2,3] relied heavily on
ippincott Williams & Wilkins. Unaut
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estimates derived from a single study of heterosexual
couples [4]. Since 2005, new data have been reported
from cohort studies of heterosexuals and of MSM, and
new systematic reviews and meta-analyses of certain
transmission risks have been published. Additionally, the
published literature quantifying the effects of modifying
factors known to either increase or decrease transmission
risk has expanded substantially. Thus, we have updated
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our estimates of per-act HIV transmission risks from an
infected source to an HIV-uninfected person for
parenteral, vertical, and sexual exposures. These trans-
mission estimates may not reflect true infectivity and may
obscure important differences associated with factors that
may modify transmission risk. Therefore, we have also
summarized the relative effects of factors that modify per-
act transmission risks, such as condom use and
antiretroviral therapy, and have examined their individual
and combined effects on per-act infectivity for high-risk
sexual exposures.
Methods

Literature search and review
We conducted a five-step process of literature search and
review. First, we established what was already known,
starting with a series of recent systematic reviews and
meta-analyses that were identified through a compre-
hensive literature review conducted for a related project
that also examined per-act HIV transmission risk and
provided estimates of pooled per-act HIV transmission
probabilities for blood transfusion [5], parenteral
exposures [5], receptive anal intercourse [6], receptive
penile–vaginal intercourse [7], insertive penile–vaginal
intercourse [7], and mother-to-child transmission [8].
Each of these peer-reviewed studies included a compre-
hensive literature review and employed accepted and
robust meta-analytic methods. We then reviewed the
2011 British Pre-exposure Prophylaxis Guidelines [9],
which provided a summary table of per-act HIV
transmission risks using estimated medians and ranges
based largely on the results of the meta-analyses noted
above.

Second, we conducted a literature search to identify data
published after the publications noted above. We searched
for human studies published in English language only
between 1 January 2008 and 22 February 2012 within the
following databases: Medline (Ovid), Embase (Ovid),
CINAHL (EbscoHost), Web of Science, Global Health,
and the Cochrane Library. We used the following search
string: [‘HIV’ or ‘HIV infections’ or ‘human immuno-
deficiency virus’ or ‘AIDS’] and [’disease transmission’ or
‘infectious/infectivity/infectiousness’ or ‘transmissibility’
or ‘contact/contacts/per-contact’ or ‘per-act’] and
[’sexual’ or ‘heterosexual’ or ‘homosexual’ or ‘coital’ or
‘intercourse’ or ‘anal’ or ‘oral’ or ‘blood transfusion’ or
‘needle-sharing’ or ‘needle stick’ or ‘perinatal’ or ‘mother
to child’]. We highlighted data from developed regions to
more closely reflect the US epidemic; this strategy was
consistent with that used for the relevant meta-analyses,
which did not pool data from developed and developing
countries due to heterogeneity among studies, except for
the per-act HIV-transmission risk from parenteral
exposures, which is less geographically dependent. We
pyright © Lippincott Williams & Wilkins. Unautho
used the results of this literature search to ensure that the
above-mentioned meta-analyses were up to date. For the
exposures for which there were no recent reviews or
meta-analyses, we reviewed the literature cited in CDC’s
last summary [1] and the 2011 British Pre-exposure
Prophylaxis Guidelines [9]. We also contacted subject
matter experts to ascertain whether other studies or
unpublished data of which we were unaware existed.

Third, we reviewed the resulting abstracts to identify
articles that mentioned HIV transmission or any type of
transmission risk estimate, or described models that were
used to generate these estimates, both among serodis-
cordant couples and MSM. Fourth, we reviewed the text
and bibliographies of all those publications that met these
criteria to identify additional sources of transmission-risk
data. We synthesized the information from these first four
steps to generate updated per-act transmission risk
estimates. We favored pooled estimates with 95%
confidence intervals (CIs) reported from the meta-
analyses that either used fixed-effects models or that used
random-effects models that adjusted for the heterogeneity
between studies, because such models provide more
robust transmission risk estimates than simple medians
and ranges.

Lastly, we conducted a literature search of human studies
in PubMed to identify articles about factors known to
modify sexual HIV transmission risk published between 1
January 2008 and 13 May 2013. We used the following
search strings: ‘HIV transmission’ and each of the
following separately: ‘genital ulcer disease’, ‘circumci-
sion’, ‘condom use’, ‘pre-exposure prophylaxis’, ‘acute
HIV infection’, ‘acute stage of disease’, ‘viral load’,
‘treatment’, ‘early antiretroviral therapy’.

Study selection
Inclusion criteria were randomized controlled trials or
observational studies that examine per-act HIV trans-
mission risk or the effect of modifying factors on HIV
transmission risk, meta-analytic studies that provided
pooled estimates of per-act HIV transmission risk or the
effect of modifying factors on HIV transmission risk.
Studies without statistically robust methods to ensure
reproducibility and precision were excluded. Figure 1a
details the study selection procedure for the summary of
transmission-risk estimates; 7654 abstracts were reviewed,
from which 14 articles were identified, including three
relevant meta-analyses and two papers about modifying
factors. The literature search for papers about factors
known to modify sexual transmission risk produced 8119
abstracts, from which 15 articles were identified,
including 5 meta-analyses (Fig. 1b).

Statistical methods
On the basis of the results of our literature search and the
studies that we examined, we determined that recently
published meta-analyses provided up-to-date summary
rized reproduction of this article is prohibited.
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7654 potentially relevant articles retrieved from
Medline, Embase, CINAHL, Web of Science,

Global Health, and the Cochrane Library
databases (January 1, 2008 – February 22, 2012)

315 duplicate citations removed

7249 irrelevant abstracts removed

76 articles did not produce per-act HIV-1
transmission estimates or were irrelevant

7339 abstracts reviewed

90 relevant articles eligible for detailed review

14 articles included in systematic review including
3 relevant meta-analyses and 2 papers about

modifying factors

(a)

8119 potentially relevant articles retrieved from
the PubMed database and reviewed
(January 1, 2008 – May 13, 2013)

124 relevant articles eligible for detailed review

15 relevant articles, including five meta-analyses

By sub-category:
Genital ulcer disease: 49

Circumcision: 458
Condom use: 2215

Pre-exposure prophylaxis: 137
Acute stage of disease: 531

Viral load: 1286
Early treatment: 410

Treatment: 3033

(b)

Fig. 1. (a) Selection of studies regarding per-act HIV-1 transmission probabilities. (b) Selection of studies regarding factors that
modify HIV transmission risk.
estimates of transmission risks for all but the following
exposures: needle-sharing injection drug use, receptive
anal intercourse, insertive anal intercourse, receptive oral
sex, and insertive oral sex. For needle-sharing injection
drug use, we re-evaluated three published studies [10–12]
and adopted the most statistically robust estimate that was
applicable to the US epidemic. The meta-analysis for
receptive anal intercourse did not include relevant data
from one recently published study [13]. For receptive anal
intercourse, we found four published sources [3,13–15],
and for insertive anal intercourse, we found two published
sources [13,14]. For each of these two estimates, we
combined the results of the available studies using a fixed-
effects inverse-variance model on the logarithmic scale in
order to obtain updated estimates of these transmission
risks. Specifically, we first transformed the reported point
estimates and 95% CIs to the logarithmic scale, estimated
the standard errors from the width of each 95% CI
(divided by 2�1.96), calculated the weighted mean of
Copyright © Lippincott Williams & Wilkins. Unaut
these point estimates and the accompanying asymptotic
normal 95% CI using the inverse of the estimated
variances (i.e. the squared standard errors) as weights, and
finally back-transformed the weighted mean and its 95%
CI to the original scale using exponentiation. We also
calculated Cochran’s Q test for heterogeneity. For oral
sex, where no transmissions were observed out of a large
number of acts, we calculated Clopper–Pearson exact
binomial 95% CIs.

We also determined that meta-analyses published
between 2005 and 2012 provided acceptable summary
estimates of relative risks for various factors that modify
sexual HIV transmission risk, except for pre-exposure
prophylaxis among heterosexuals and for condom use.
For pre-exposure prophylaxis among heterosexuals, we
combined the number of events and person-time data
from two studies [16,17] and then employed Poisson
regression to calculate the estimated relative risk with an
horized reproduction of this article is prohibited.
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exact 95% CI. For condom use, we used the result of a
meta-analysis [18] and then employed Poisson regression
with the reported data to calculate an exact 95% CI. All
regressions were performed in SAS software, version 9.3
(SAS Institute, Inc., Cary, North Carolina, USA).

To estimate the reduction in sexual HIV transmission risk
in three scenarios – when the HIV-uninfected insertive
partner used condoms, when the HIV-infected partner
was treated with antiretrovirals, and when both were used
together – we multiplied the original transmission risks
by the relative risk of that factor. To estimate the 95% CIs
for the reduced transmission risks, we first transformed
the reported 95% CIs for the transmission risks and the
risk reductions to the logarithmic scale and then
estimated the standard errors from the width of each
95% CI (divided by 2�1.96). We next computed the
variance of the logarithm of the reduced transmission risk
and the accompanying asymptotic normal 95% CI, and
finally back-transformed the 95% CI to the original scale
using exponentiation. This calculation assumed that the
covariances between the transmission risks from sexual
intercourse and the relative reductions due to the
modifying factors were zero, to a first-order approxi-
mation.

Internal and external review
The results presented here were vetted with CDC
scientists as the project progressed. This internal iterative
process included a critical review of the study design and
statistical approach of each peer-reviewed publication
upon which our new estimates relied as well as of our
decision to present summary estimates from published
meta-analyses. Our preliminary new estimates were
critically reviewed by subject matter experts external to
CDC (see Acknowledgments section), each of whom
signed a nondisclosure agreement to ensure confiden-
tiality.
Results

Summary of HIV transmission risk estimates
The estimated per-act HIV transmission risk (all expressed
as per 10 000 exposures) was greatest for blood transfusion
[9250 (95% CI 8900–9610)], followed by mother-to-child
transmission [2255 (95% CI 1000–2990)], receptive anal
intercourse [138 (95% CI 102–186)], needle-sharing
injection drug use [63 (95% CI 41–92)], and percutaneous
needle stick injuries [23 (95% CI 0–46)] [5,6,8,10]. Risk
for other sexual exposures were 4 (95% CI 1–14) for
insertive penile–vaginal intercourse, 8 (95% CI 6–11) for
receptive penile–vaginal intercourse, and 11 (95% CI 4–
28) for insertive anal intercourse [7,13,14] (Table 1). The
transmission risk for receptive and insertive oral sex is quite
low (95% CI 0–4) [19].
pyright © Lippincott Williams & Wilkins. Unautho
Blood transfusion
We obtained our updated estimate for the per-act risk of
HIV transmission from exposure to a contaminated blood
product from a meta-analysis [5], which used a fixed-
effects model with data limited to six studies where the
blood donations were known to be contaminated with
HIV [21–26]. This meta-analysis included updated
results from the Transfusion Safety Study [24]; earlier
results from this study were used to derive the previous
CDC estimate [27]. This meta-analysis pooled data from
developed and developing countries because there was no
heterogeneity of findings among studies.

Needle-sharing injection drug use
We identified three studies [10–12] that provided
estimates of the per-act risk of HIV transmission from
injection drug use with a contaminated needle. One study
[10] estimated this risk as 67 per 10 000 exposures
(without a CI) using differential equation models and a
small sample of data from a US needle exchange program.
Two other studies [11,12] provided overall and subtype B
and E-specific estimates using robust semi-parametric
statistical methods and data from a cohort of injection
drug users in Bangkok, Thailand. We adopted their
subtype B-specific estimate of 63 per 10 000 exposures
(95% CI 41–92 per 10 000) as the best estimate of this risk
for the current US epidemic.

Percutaneous needle stick
The estimates for per-act transmission risk for percuta-
neous needle stick were more reliable than per-act
transmission risk for injecting drugs, primarily because
the infection status of the index case for a percutaneous
needle stick was generally known and the number of
exposures quantifiable. The meta-analysis [5] that
provided the new estimate included data from 21
published studies [28–53], the majority of which
reported no transmissions [29–38,40–42,50]. There
was no evidence of heterogeneity of findings among
studies, and the overall estimate was calculated using a
fixed-effects model. An analysis of a subset of studies from
this meta-analysis that included only estimates from
studies with no other reported risk factor for HIV
transmission produced per-act transmission risk estimates
that did not differ significantly from the overall estimate
[5].

Receptive anal intercourse
MSM account for the majority (60–70%) of prevalent
and incident HIV infections in the United States; most
infections are transmitted through unprotected receptive
anal intercourse (URAI). The previous CDC estimate of
the per-act risk of transmission from URAI was
extrapolated from data on heterosexual couples and
was assumed to be approximately five times that of
receptive penile–vaginal intercourse, or 50 transmissions
per 10 000 exposures [2,4]. A 2010 meta-analysis [6]
provided an estimate of this risk based on data from
rized reproduction of this article is prohibited.
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Table 1. Estimated per-act probability of acquiring HIV from an infected source, by exposure route.

Exposure route Risk per 10 000 exposures to an infected source 95% Confidence interval Reference(s)

Parenteral exposure
Blood transfusion 9250 (8900–9610) [5]
Needle-sharing injection drug use 63b (41–92) [12]
Percutaneous needle stick 23 (0–46) [5]

Sexual exposurea

Receptive anal intercourse 138c (102–186) [3,13–15]
Insertive anal intercourse 11d (4–28) [13,14]
Receptive penile–vaginal intercourse 8e (6–11) [7]
Insertive penile–vaginal intercourse 4e (1–14) [7]
Receptive oral sex Lowf (0–4) [14,19]
Insertive oral sex Lowf (0–4) [19]

Vertical transmission
Mother-to-child transmission 2255g (1700–2890) [8]

Factors that may increase the risk of HIV transmission include sexually transmitted diseases, acute and late-stage HIV infection, and high viral load.
Factors that may decrease the risk include condom use, male circumcision, antiretroviral treatment, and pre-exposure prophylaxis.
aEstimate of risk of transmission from sexual exposure to an HIV-infected partner and assumes no condom use.
bA pooled estimate was not calculated due to the heterogeneity of the studies (different study designs and HIV subtype made the data difficult to
combine) for injection drug use [10–12]; therefore, we present the most robust and applicable estimate to the US epidemic of five estimates from
three studies.
cA similar pooled estimate [140 per 10 000 exposures, 95% confidence interval (CI) 20–250] was calculated using a random-effects model [6]. Jin
et al. [13] reported an estimated per-contact probability of HIV transmission for unprotected receptive anal intercourse (URAI) of 143 per 10 000
exposures (95% CI 48–285) with ejaculation inside the rectum, and of 65 per 10 000 exposures (95% CI 15–153) with withdrawal prior to
ejaculation. Regardless of when ejaculation occurred, the estimated per-contact probability of HIV transmission for URAI was 91 per 10 000
exposures (95% CI 41–207) (James Jansson, personal communication). By comparison, two other large prospective studies that did not distinguish
when ejaculation occurred reported similar results. Vittinghoff et al. [14] reported an estimate of 82 per 10 000 exposures (95% CI 24–276) and a
recent study by Scott et al. [20] reported an estimate of 73 per 10 000 exposures (95% CI 45–98).
dThe US study [14] may underestimate transmission risk because partners of unknown HIV status were also included without attempting to estimate
the HIV prevalence among these partners (i.e. assumed all persons with unknown HIV status were infected). A recent study by Scott et al. [20]
reported an estimated per-contact probability of HIV transmission for unprotected insertive anal intercourse (UIAI) of 22 per 10 000 exposures (95%
CI 5–39).
eThese estimates represent the asymptomatic phase of HIV infection and do not account for various factors that can affect infectivity. Pooled
estimates from low-income countries were generated despite substantial heterogeneity existing across studies. The difference in per-act
transmission attributable to receptive and insertive penile–vaginal intercourse is attenuated when adjusted for cofactors in meta-regression
models suggesting that infectivity is similar for receptive and insertive penile–vaginal intercourse [7].
fRisk is considered to be low relative to the other sexual exposures, but it is not zero. The Clopper–Pearson exact binomial 95% CIs are based on
observing no events out of 8965 receptive oral sex acts; the sample size was not large enough to generate a more precise point estimate.
gWith antiretroviral use, there was a 67.4% relative reduction in risk of HIV transmission from 22.6 to 7.6%. These results were not combined with
studies conducted in developing countries because substantial heterogeneity existed across studies [68].
published studies at that time [3,14,15,54]; however, we
have updated this estimate to include relevant new data
[13] and have excluded data [54] that were not a point
estimate but a risk relative to the risk of receptive penile–
vaginal intercourse.

For the updated estimate, we identified four studies that
estimated the per-act transmission risk for URAI using
binomial or Bernoulli models, three from the pre-
HAART era [3,14,15] and one from the HAART era
[13]: a cross-sectional study in Boston that recruited 329
MSM, representing 155 sexual partnerships, from 1984
to 1987 [15]; The European Study on Heterosexual
Transmission of HIV, which recruited 499 HIV-infected
persons and their regular heterosexual partners in
nine European countries from 1987 to 1992 [3];
The Collaborative HIV Seroincidence Study (CHSS),
which followed a prospective cohort of 2189 HIV-
negative high-risk homosexual and bisexual men in San
Francisco, Denver, and Chicago from 1992 to 1994 and
excluded participants who reported any injection drug
use from the analysis [14]; and The Health in Men
(HIM) study, which followed a prospective cohort of
Copyright © Lippincott Williams & Wilkins. Unaut
1427 HIV-negative MSM in Sydney, Australia from 2001
to 2007 [13].

Using a variety of modeling assumptions and expert
opinion, the Boston study [15] presented a range of
plausible values of 50–300 per 10 000 exposures for the
URAI transmission risk (midpoint 175 per 10 000). The
European Study on Heterosexual Transmission of HIV
[3] estimated a transmission risk for URAI of 138 per
10 000 exposures (standard error 102) during the period
between initial infection and late-stage disease (i.e.
AIDS), from which we calculated a 95% CI of 32–588
per 10 000 using a logarithmic transformation. The
CHSS [14] estimated a transmission risk for URAI of
82 per 10 000 exposures (95% CI 24–276 per 10 000).
Note that this study may underestimate risk because it
did not distinguish between URAI with and without
ejaculation. The HIM study [13] estimated a trans-
mission risk for URAI of 143 per 10 000 exposures
(95% CI 49–285 per 10 000). Using these data, we
computed an updated estimate of the transmission
risk for URAI of 138 per 10 000 exposures (95% CI
102–186 per 10 000).
horized reproduction of this article is prohibited.
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Insertive anal intercourse
As for URAI, the previous CDC transmission risk
estimate for unprotected insertive anal intercourse (UIAI)
was extrapolated from data on heterosexual couples.
Specifically, this risk was assumed to be approximately 1.3
times that of insertive penile–vaginal intercourse, and
thus 6.5 transmissions per 10 000 exposures [2,3]. We
identified two studies that estimated the transmission risk
for UIAI among MSM, one from the pre-HAARTera –
the CHSS [14], and one from the HAARTera – the HIM
study [13].

The CHSS used a Bernoulli model to estimate a
transmission risk of 6 per 10 000 exposures (95% CI
2–19 per 10 000) for UIAI with an HIV-positive or
serostatus-unknown partner. There were too few contacts
with known HIV-positive partners to provide stable
estimates of this risk for HIV-positive partners alone. The
HIM study used a Bernoulli model to estimate a
transmission risk of 16 per 10 000 exposures (95% CI
5–31 per 10 000) for UIAI with an HIV-positive partner.
This study also provided separate estimates for UIAI
transmission risk by circumcision status: for circumcised
participants, this risk was 11 per 10 000 exposures (95%
CI 2–24 per 10 000) and for uncircumcised participants,
this risk was 62 per 10 000 exposures (95% CI 7–168 per
10 000). We computed an updated estimate of the
transmission risk for UIAI of 11 per 10 000 exposures
(95% CI 4–28 per 10 000).

Receptive and insertive penile–vaginal
intercourse
Our updated estimates for penile–vaginal intercourse
were obtained from meta-analyses of 10 studies that used
random-effects models of homogenous data to evaluate
heterosexual risk of HIV infection among persons in
high-income countries [7]. Data from low-income
countries were too heterogeneous to be combined with
high-income country data. The risk estimate for
receptive penile–vaginal intercourse was obtained from
a meta-analysis of all 10 studies [55–64], whereas the
estimate for insertive penile–vaginal intercourse was
obtained from a meta-analysis of three estimates from 2 of
these 10 studies [55,60]. Of the 10 total studies, 9 were
conducted in the pre-HAART era, eliminating a major
effect of antiretroviral use on the estimates. These new
estimates are slightly lower than the previous CDC
estimates, which fall within the new estimates’ CIs. Like
the previous CDC estimates, the updated receptive
penile–vaginal intercourse risk estimate is twice as high as
that for insertive penile–vaginal intercourse.

Receptive and insertive oral sex
The previous CDC estimates for per-act transmission risk
associated with receptive and insertive oral sex were
extrapolated from estimates of per-act penile–vaginal
intercourse transmission risk (oral sex is 1/10 times as
risky as vaginal sex) [2]. Two studies have provided per-act
pyright © Lippincott Williams & Wilkins. Unautho
estimates based on prospective comprehensive collection
of sexual behaviors including oral sex [14,19]. A 1992–
1994 US MSM cohort study [14] provided an estimate for
receptive oral sex equal to our updated estimate for per-
act transmission from insertive penile–vaginal intercourse
(4 per 10 000 exposures), which seems improbable
because the oropharynx is considerably less susceptible
to HIV infection than the cervico-vaginal environment
or penis by virtue of the oropharynx’s thicker epithelial
layer, low number of CD4þ lymphocytes, and the
presence of antiviral antibodies and various endogenous
factors that inhibit HIV transmission [65]. A 10-year
Spanish study conducted from 1990 to 2000 among
serodiscordant heterosexual couples [19] observed no
transmissions due to receptive oral sex among 8965 acts.
We used data from this study to estimate 95% CIs for
receptive and insertive oral sex transmission risk (95% CI
0–4). A study among lesbians also observed no
transmissions due to oral sex [66]. A meta-analysis to
establish the per-act transmission risk for oral sex could
not be conducted because data were from three disparate
sources [67]. Furthermore, estimating per-act trans-
mission risk for low-risk acts, such as oral sex, is often
confounded by the complex patterns of sexual exposure
where higher-risk exposures occur during the same
sexual encounter. Given these general limitations and the
individual limitations of the previous estimates, we
believe that although HIV transmission via oral sex is
biologically plausible, we are unable to provide a precise
numeric estimate.

Mother-to-child transmission
Our estimate for mother-to-child transmission of 2225
per 10 000 exposures (95% CI 1700–2890 per 10 000)
was based on the transmission risk observed in the placebo
arm of a randomized, double-blind, placebo-controlled
clinical trial, of the safety and efficacy of zidovudine to
reduce mother-to-child HIV transmission [8]. We did not
combine these results with those from developing
countries because substantial heterogeneity existed across
studies [68].

Summary cofactors that modify per-act
transmission risk for sexual exposures
Table 2 summarizes data regarding cofactors that modify
transmission risk for sexual exposures. Factors that
increase transmission risk are high viral load [69], genital
ulcer disease [70], and acute and late-stage disease [70,71],
whereas factors that decrease risk are use of antiretrovirals
for treatment [72,73], pre-exposure prophylaxis
[16,17,74], male condom use [18], and male circumcision
[75–80]. We further depicted the effect of antiretroviral
treatment and condom use on HIV transmission due to
anal and vaginal intercourse in Fig. 2. We estimate that
used together, antiretroviral treatment and condom use
could reduce HIV transmission by up to 99.2% (Fig. 2).
rized reproduction of this article is prohibited.
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Table 2. Relative risks of factors that increase or decrease per-act HIV transmission risk for sexual exposures.

Cofactor Relative risk 95% Confidence interval Reference

Factors that increase transmission probability
High plasma viral load (log10 copies/ml) 2.89 (2.19, 3.82) [69]
Genital ulcer diseasea 2.65 (1.35, 5.19) [69]
Acute versus asymptomatic stage of disease 7.25b (3.05, 17.3) [70]
Late versus asymptomatic stage of disease 5.81b (3.00, 11.4) [70]

Factors that decrease transmission probability
Use of antiretrovirals by HIV-infected partner
Early versus delayed treatment 0.04c (0.01, 0.27) [72]
Received treatment versus no treatment 0.08 (0.00, 0.57) [73]
Pre-exposure prophylaxis of HIV-uninfected partner
Among heterosexual couples 0.29d (0.17, 0.47) [16,17]
Among MSM 0.56 (0.37, 0.85) [74]
Among injection drug users 0.52 (0.28, 0.90) [75]
Condom use 0.20e (0.08, 0.47) [18]

Male circumcision (heterosexual partners)
HIV-uninfected partner is male 0.50f (0.34, 0.72) [76]
HIV-uninfected partner is female 0.80 (0.53, 1.36) [77]

Male circumcision (MSM)
Insertive partner is HIV-uninfected 0.27g (0.17, 0.44) [78]
Receptive partner is HIV-uninfected 1.20g (0.63, 2.29) [78]

aCharacteristic of the HIV-uninfected partner therefore relative risk reflects the increased risk of acquisition of HIV infection from an infected
partner
bHazard of transmission that accounts for duration of infectiousness was calculated using these data: hazard of transmission per person-year for
early versus asymptomatic stage of disease is 2.76 [95% confidence interval (CI) 1.31–5.09] and for late versus asymptomatic stage is 0.76 (95% CI
0.41–1.28); thus 26 and 7 times more infectious, respectively [71].
cThe reported hazard ratio was used to approximate the relative risk.
dFor this estimate, we combined the number of events and person-time data from the tenofovir and emtricitabine (TDF-FTC) and placebo arms from
two studies of pre-exposure prophylaxis [16,17] and then employed Poisson regression to calculate the estimated relative risk with an exact 95% CI.
eThis review indicates that consistent use of condoms results in 80% reduction in HIV incidence. Consistent use is defined as using a condom for all
acts of penetrative vaginal intercourse. Because the studies used in this review did not report on the ‘correctness’ of use, namely whether condoms
were used correctly and perfectly for each and every act of intercourse, effectiveness and not efficacy is estimated. Effectiveness was estimated from
two separate incidence estimates: one minus the ratio of incidence among always users to the incidence among never users.
fThis review combined the survival estimates from three trials [78–80] at 12 months and also at 21 or 24 months in a meta-analysis using the
random-effects model. The resultant incidence risk ratio (IRR) was 0.50 at 12 months with a 95% CI of 0.34–0.72, and 0.46 at 21 or 24 months (95%
CI 0.34–0.62).
gThe reported odds ratios were used to approximate the relative risks.
Discussion

We estimate that the current per-act risk of HIV
transmission via sexual exposures ranges from 4 per
10 000 exposures for insertive penile–vaginal intercourse
to 138 for receptive anal intercourse. Our updated
estimates for both receptive and insertive anal intercourse
are substantially higher than previously reported
(increased 1.8 and 0.7-fold, respectively); however, the
previous estimates fall within our updated CIs for these
exposures. Additionally, the per-act risk for all sexual
exposures could be substantially attenuated through the
use of condoms and of antiretrovirals. Understanding the
effects of modifying factors when estimating per-act
transmission risk can better inform an individual’s
personal risk and HIV-prevention efforts.

The published literature regarding per-act HIV trans-
mission risk from sexual exposures is estimated using
observational studies and has many, often unavoidable,
limitations. Ideal estimates would be calculated from
serodiscordant partners for whom all sex acts and their
context were recorded prospectively. In reality, most
estimates have relied on longitudinal or cross-sectional
Copyright © Lippincott Williams & Wilkins. Unaut
studies of individuals using population-based HIV
prevalence estimates. Retrospective studies may be
subject to recall bias. Key variables that would permit
more precise estimations are often missing, such as the
HIV status of all sexual partners. Most persons do not
practice one type of sex act to the exclusion of others with
a partner during a single encounter (e.g. oral sex and
vaginal sex). The broad and often overlapping CIs for
many of these updated per-act sexual transmission risk
estimates reflect the imprecision imposed by these
limitations, in light of which our estimates should be
interpreted cautiously. Furthermore, we have used
estimates of efficacy (for treatment) and effectiveness
(for condom use) somewhat interchangeably to demon-
strate risk reduction in Fig. 2, thus, overestimating the
effect of treatment.

In conclusion, we have updated the 2005 CDC per-act
HIV transmission risks for major exposures. We have also
summarized the effects of various cofactors that modify
the per-act risk of sexual exposures permitting improved
estimation of individual and population-based risk. To the
extent possible, future studies of sexual per-act trans-
mission risk should carefully consider these transmission
horized reproduction of this article is prohibited.
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Fig. 2. Per-act HIV-1 transmission risk of anal and vaginal intercourse and the modifying effects of antiretroviral treatment for
the HIV-infected partner and condom use on the per-act HIV transmission risk estimates.
factors, which vary in prevalence and are critical to
accurate risk assessment.
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