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Abstract
Introduction: Antiretroviral treatment (ART) reduces HIV transmission. Despite increased ART coverage, incidence remains
high among men who have sex with men (MSM) in many places. Acute HIV infection (AHI) is characterized by high viral
replication and increased infectiousness. We estimated the feasible reduction in transmission by targeting MSM with AHI for
early ART.
Methods: We recruited a cohort of 88 MSM with AHI in Bangkok, Thailand, who initiated ART immediately. A risk calculator
based on viral load and reported behaviour, calibrated to Thai epidemiological data, was applied to estimate the number of
onwards transmissions. This was compared with the expected number without early interventions.
Results: Forty of the MSM were in 4th-generation AHI stages 1 and 2 (4thG stage 1, HIV nucleic acid testing (NAT)+/4thG
immunoassay (IA)-/3rdG IA–; 4thG stage 2, NAT+/4thG IA+/3rdG IA–) while 48 tested positive on third-generation IA but had
negative or indeterminate western blot (4thG stage 3). Mean plasma HIV RNA was 5.62 log10 copies/ml. Any condomless sex
in the four months preceding the study was reported by 83.7%, but decreased to 21.2% by 24 weeks on ART. After ART, 48/
88 (54.6%) attained HIV RNA <50 copies/ml by week 8, increasing to 78/87 (89.7%), and 64/66 (97%) at weeks 24 and 48,
respectively. The estimated number of onwards transmissions in the first year of infection would have been 27.3 (95%
credible interval: 21.7–35.3) with no intervention, 8.3 (6.4–11.2) with post-diagnosis behaviour change only, 5.9 (4.4–7.9)
with viral load reduction only and 3.1 (2.4–4.3) with both. The latter was associated with an 88.7% (83.8–91.1%) reduction in
transmission.
Conclusions: Disproportionate HIV transmission occurs during AHI. Diagnosis of AHI with early ART initiation can substantially
reduce onwards transmission.
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Introduction
Antiretroviral treatment (ART) reduces HIV viral load and
HIV transmission in HIV-discordant heterosexual couples
[1–6]. However, despite increased uptake of ART since
1996, HIV incidence continues to rise among men who
have sex with men (MSM) globally [7,8]. Fisher and collea-
gues reported a longitudinal phylogenetic analysis of HIV-1
in a UK MSM cohort from a population with a rising HIV
epidemic in which onwards HIV transmission is significantly
associated with recent infection, and the majority of new
infections appear to occur from individuals who were as yet
undiagnosed, and thus prior to initiating ART [9]. These
findings are confirmed by multiple phylogenetic studies in
MSM cohorts in Denmark, Switzerland, Canada, the USA

and China [10–16]. While such phylogenetic studies are
lacking in the Thai MSM population, newly HIV-infected
MSM in Bangkok, Thailand, are mostly young men con-
nected to circles of highly sexually active young MSM in a
multi-risk factor environment, including high partner turn-
over, stimulant drug use, concurrent sexually transmitted
infections (STIs) and unidentified newly HIV-infected other
MSM [17].

Acute HIV infection (AHI) is characterized by high viral
replication in blood and genital secretions and hence
increased infectiousness to which characteristics of founder
viruses may also contribute [18–26]. Here, we describe
observed reductions in HIV-1 plasma viral load and trans-
mission risk behaviour in a cohort of acutely infected Thai
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MSM. We use an HIV risk calculator model, calibrated to
reflect HIV incidence and prevalence among Thai MSM and
informed by published data on the relationship between
viral load and transmission risk and observed data from the
cohort, to estimate the impact of viral load control and
behavioural change on epidemic spread through interven-
tions targeting Thai MSM at high risk.

Methods
Study design
Study RV254/SEARCH 010 is a prospective cohort study
conducted in Bangkok, Thailand, which enrols predomi-
nantly Thai participants in the earliest stages of HIV-1
infection. AHI staging was based on a combination of HIV
RNA detection (nucleic acid testing (NAT) testing) 4th-gen-
eration (4thG) immunoassay (IA), third-generation (3rdG) IA
and western blot results: 4thG AHI stages 1, 2 and 3 (4thG
stage 1, NAT+/4thG IA-/3rdG IA–; 4thG stage 2, NAT+/4thG
IA+/3rdG IA–; 4thG stage 3, NAT+/4thG IA+/3rdG IA+/wes-
tern blot– or indeterminate) [27]. Both 4thG and 3rdG IAs
detect IgM, but the 4thG assay also detects p24 antigen.
Between April 2009 and March 2013, 69,911 samples were
screened to identify 112 acutely infected participants and
100 enrolled: 90 MSM, 8 heterosexual women and 2 het-
erosexual men. Two of the MSM opted to not start ART
immediately. Here we include data from the 88 MSM
enrolled and treated with immediate ART, all of whom
had reached beyond 24 weeks on study at time of analysis.
Clinical, immunological and virological characteristics of the
study participants are primary endpoints and have been
described in several publications [27–32]. The study also
collects descriptive data of demographics and behavioural
risk, and characteristics of sexual contacts. Study interven-
tions include immediate ART upon diagnosis and beha-
vioural counselling. Outcomes measured are markers of
disease progression, including CD4+ T cell count, HIV RNA
in blood and behavioural changes. Plasma HIV RNA data
and behavioural data were used in a risk calculator model
(described below) to estimate the number of onwards
transmissions averted from this cohort due to detection
of AHI, behaviour change and ART initiation. The study is
registered at clinicaltrials.gov (NCT00796146) and is
approved by the institutional review boards (IRBs) of
Chulalongkorn University, Thailand, and Walter Reed Army
Institute of Research, USA. All participants gave informed
consent. Participants who elected to start immediate ART
were co-enrolled in a local protocol (clinicaltrials.gov:
NCT00796263) approved by the Chulalongkorn
University IRB.

Setting and participants
Participants who presented for voluntary HIV counselling
and testing (VCT) with 4thG IA at two sites in Bangkok,
Thailand (the Thai Red Cross Anonymous Clinic and Silom
Community Clinic) and gave informed consent had blood
samples screened for AHI by pooled HIV NAT and sequen-
tial IA according to published methods [27,32]. AHI was
defined as either being 4thG IA positive with positive HIV

RNA and negative or indeterminate western blot, or 4thG IA
negative while testing positive for HIV RNA by both quali-
tative (NAT) and quantitative (HIV RNA) assays. Any VCT
client aged 18 years or older with confirmed AHI is eligible
for study RV254/SEARCH 010 screening. ART for all partici-
pants opting for immediate treatment includes efavirenz,
tenofovir and emtricitabine or lamivudine, with or without
raltegravir and maraviroc. Substitution with an integrase or
protease inhibitor is used for participants with efavirenz
intolerance.

Laboratory methods
HIV RNA was measured in plasma at baseline and weeks 2,
4, 8, 12, 16, 20, 24 and every three months thereafter by
either the COBAS® AMPLICOR HIV-1 Monitor Test v1.5
(Roche Molecular Systems, Inc., Pleasanton, CA, USA) or
the COBAS®AmpliPrep/COBAS® TaqMan® HIV-1 test v2.0
(Roche Molecular Systems, Inc., Pleasanton, CA, USA) with
analyses based on lower limit of detection of 50 copies/ml.

Measures
The number and type of sexual partners (steady, casual),
condom use and specific sexual behaviours were assessed
by standardized written questionnaires asking quantifying
information which were completed by participants in a
private setting at baseline, week 24 and week 48. . The
questionnaire asked data about number of partners; oral/
anal intercourse practices, role (receptive, insertive or both)
and condom use; and knowledge about HIV sero-status of
each partner in the preceding four months.

Questions regarding behavioural practices, such as
unprotected anal intercourse, were asked as part of stan-
dard medical history from each participant by the study
physicians at each visit. If crucial information was missing
from either questionnaire or medical history, these were
supplemented by each other in the final data set used for
this analysis.

Estimated date of infection was assessed from question-
naire and medical history.

Statistical and risk calculation methods
Study participants who reported sex with male partners
and opted for immediate ART were included in the analysis.
Statistical analyses were done using Stata/IC 12.1 for win-
dows (StataCorp LP, College Station, TX, USA).

Risk calculator model methods
Time-dependent individual-level plasma HIV viral load and
reported transmission-related behaviour data were used to
inform a risk-equation model. The model included the (viral
load-dependent) transmission probability per-act and fre-
quency of types of transmission-related acts. Calculations
were calibrated by adjustment of the parameter for trans-
mission probability per-act associated with viral load set
point to reflect HIV incidence estimates among MSM in
Bangkok of 5.9 infections per 100 person years (95% CI
5.2–6.8) and an HIV prevalence estimate of 23.9% (95% CI
21.1–27.0) [17]. This model was then used to estimate the
number of new HIV infections caused by each person in the
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first year after exposure. Two main scenarios were pro-
jected: (i) a baseline scenario which incorporated the inter-
ventions as reported in the data and (ii) a hypothetical
scenario with no early detection and treatment. Under
the hypothesized scenario of no early detection and treat-
ment, the viral load of each individual was assumed to
follow a standard trajectory, see Figure 1 [33].

Transmission risk behaviours of the cohort reported at
the time of diagnosis were kept constant across the simula-
tion in this counterfactual/no-intervention scenario. Two
further hypothetical scenarios were simulated: (i) a sce-
nario where only behavioural changes were considered as
reported in the cohort data and (ii) a scenario in which
behaviours were assumed to be as they were just prior to
diagnosis but viral load reduction was considered as mea-
sured in the study. These scenarios were projected to
distinguish between the influence of viral load reduction
through treatment and diagnosis-related risk behaviour
changes.

We used an adaptation of Røttingen and Garnett’s pre-
viously reported equation λ ¼ c 1� Pð Þ 1� 1� β1ð Þn½ �,
which estimates the number of onwards infections caused
by an average infected individual over a given period of
time [34]. Here, β1 is the transmissibility of one unpro-
tected act between two individuals and n is the number
of risk acts between the individuals, c is the number of
partners of an average infected individual and P is the
prevalence of infection among the population; hence
c 1� Pð Þ represents the number of contacts without HIV.
The use of condoms and different forms of sexual contact
and associated risk behaviours can then be incorporated
into this base equation, leading to

λ ¼ c 1� Pð Þ 1� 1� β1ð Þn 1�γð Þ 1� 1� εð Þβ1ð Þnγ
h i

where γ is the proportion of sexual acts protected by a
condom and ε is the efficiency of condom use in reducing
transmissibility.

There is a strong relationship between HIV viral load and
transmission [35,36]. Blaser et al. recently conducted a
meta-analysis of estimates around this relationship and
found a 2.09-fold (95% CI 1.47–2.97) increase in infectious-
ness per 10-fold increase in viral load amongst discordant
heterosexual couples [36]. Using this relationship, we esti-
mate the transmissibility per average unprotected act invol-
ving an average infected individual to be

β1 ¼ 2:09
log10

V1
V0

� �
β0

where V1 is the viral load during any particular risk event
and V0 is the average baseline viral load corresponding to a
baseline transmission probability (we take V0 to be the viral
load set point among untreated individuals and β0 is cali-
brated to reflect the incidence of HIV among MSM in
Bangkok) [17,33]. The calculated value of β0 was found to
be 0.67 (0.59–0.76). This is in reasonable agreement with
independent pooled estimates of transmission risks calcu-
lated by separate meta-analyses for anal intercourse
[37,38].

Results
Data collection
Baseline characteristics of the 88 participants are summar-
ized in Table 1. At time of analysis all 88 had reached
24 weeks on study while 66/88 had reached 48 weeks on
study. Mean age at time of AHI was 28.5 years and mean
estimated duration of infection was 16.5 days. The majority
of participants were in 4thG stage 3 (n = 48), the remainder
in 4thG stages 1 (n = 19) and 2 (n = 21). Mean CD4+T cell
count was 412 cells/mm3, mean plasma HIV RNA 5.62 log10
copies/ml and the majority of participants (73%) were
infected with HIV-1 subtype CRF_01AE, the predominant
circulating form in Thai MSM [39]. Completed questionnaire
data were available for 86 participants at baseline.

Figure 1. Viral load trajectory [33].
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Any condomless sexual intercourse in the preceding four
months was reported by 72 participants (83.7%).
Condomless intercourse with regular partners, casual part-
ners, commercial sex workers, paying partners and partners
who inject drugs was reported by 55 (64%), 49 (57%), 6
(7%), 6 (7%) and 9 (10.5%) participants, respectively. None
reported abstinence from sexual intercourse in the four
months preceding the study while 10 (11.6%) reported a
single partner. Two to four partners were reported by 47
participants (54.7%) and ≥5 partners by 25 (29.1%) partici-
pants. Four participants (4.7%) declined to answer.

A large decrease in the number of sexual partners and
condomless sex was reported following HIV diagnosis. At
baseline, 72/86 (83.8%) reported multiple partners in the
preceding four months, while 10/86 (11.6%) and 0/86
reported a single or no partners, respectively, and 4
(4.6%) declined to answer. This contrasts with 43/85
(50.6%, p < 0.001) and 29/65 (44.6%, p < 0.001) reporting
a single partner or no partner at weeks 24 and 48, respec-
tively. However, 25 (29.1%) of 86 participants reported ≥5
partners in the preceding four months at baseline while 9/
65 (13.9%) reported ≥5 partners in the preceding four

months at week 48 (p = 0.06); 4/9 participants were
among the 25 who reported ≥5 partners at baseline. Any
reported condomless sexual intercourse declined from 72/
86 (83.7%) at baseline to 18/85 (21.2%) at week 24
(p < 0.0001) and 20/65 (30.8%) at week 48 (p < 0.0001)
(Figure 2); 16/18 and 18/20 at weeks 24 and 48, respec-
tively, were among the 72 who reported condomless sexual
intercourse at baseline.

Mean plasma HIV RNA decline is shown in Figure 3; 5/87
(5.7%) participants attained HIV RNA <50 copies/ml by
week 2, which increased to 48/88 (54.6%), 60/88 (68.2%),
78/87 (89.7%) and 64/66 (97%) at weeks 8, 12, 24 and 48,
respectively.

Modelling analyses
Based on viral load and transmission-related risk behaviour
of each individual within the cohort, we estimated the rate
of infectiousness per infected individual per day (Figure 4).
Figure 5 illustrates the estimated number of onwards infec-
tions from each individual over the first year compared
with expected number of transmissions without early diag-
nosis and ART.

Table 1. Baseline characteristics

Baseline characteristics of 88 MSM

Total

(n = 88)

Age (years), mean (SD) 28.5 (7.0)

4thG stagea, n (%)

1 19 (21.6)

2 21 (23.9)

3 48 (54.6)

Infection duration (days), mean (SD) 16.5 (6.6)

CD4T cell count (cells/mm3), mean (SD) 412 (188.7)

Plasma HIV RNA (log10copies/ml), mean (SD) 5.62 (1.00)

Baseline behaviour data N = 86

Unprotected sexual intercourse in four months prior

to study, n (%)

72 (83.7)

With regular partner 55 (64.0)

With casual partner 49 (57.0)

With commercial sex worker 6 (7.0)

With person who gives money/goods 6 (7.0)

With IVDU partner 9 (10.5)

Sexual partners in last four months (n = 86)

None 0 (0)

1 10 (11.6)

2–4 47 (54.7)

≥5 25 (29.1)

Decline to answer 4 (4.7)

a4th-generation (4thG) AHI stages: 4thG stage 1, NAT+/4thG immu-
noassay (IA)-/3rdG IA–; 4thG stage 2, NAT+/4thG IA+/3rdG IA–;
4thG stage 3, NAT+/4thG IA+/3rdG IA+/western blot– or
indeterminate.
MSM: men who have sex with men; SD: standard deviation; IVDU:
intravenous drug user.

Figure 2. Percentage of participants reporting unprotected sexual
intercourse in preceding four months.
**p < 0.0001 vs. week 0

Figure 3. Plasma HIV RNA.
BD: below detection (<50 copies/ml).
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In the baseline (actual) scenario, the mean number of
estimated new infections caused per infected individual
over their first year of infection was 0.035, whilst in the
hypothetical scenario of no early detection and treat-
ment this value was estimated at 0.294. In the hypothe-
tical scenario where only viral load reduction is
considered (without changes to risk behaviour), the
mean number of estimated new infections caused per
infected individual was 0.066. The value for the scenario
in which only post-diagnosis behaviour changes are con-
sidered was 0.093. We also calculated potential addi-
tional second-, third- and fourth-generation
transmissions in the first year from the index cases in
the cohort. In the baseline scenario, an estimated mean
3.00 (95% credible interval: 2.31–4.18) direct infections
and 0.08 (0.06–0.11) indirect infections are caused by the
cohort one year after HIV exposure, giving a total of 3.08
(2.37–4.29) new transmissions. In the hypothetical sce-
nario of no early detection and treatment intervention,

the estimated total number of new infections caused by
the cohort after one year was 27.26 (21.68–35.26): 25.34
(20.09–32.85) direct and 1.92 (1.59–2.41) indirect trans-
missions. These results translate into an estimated 88.7%
(83.8–91.1%) reduction in onwards transmissions, one
year after HIV exposure due to early detection and treat-
ment (Figure 6).

Under the scenario of post-diagnosis behaviour change
only, an estimated 8.26 (6.39–11.24) transmissions are
caused by the cohort (approximately 70% reduction com-
pared to no intervention), whereas the number of new
infections in the viral load reduction-only scenario was
5.88 (4.42–7.91) (approximately 78% reduction compared
to no intervention).

Discussion
Our study provides evidence of substantial impact in redu-
cing HIV transmission among Thai MSM through diagnosing

Figure 4. Estimated infections per infected individual per day.

Figure 5. Estimated number of onwards HIV transmissions per infected individual during the first year of infection.
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HIV during acute infection and early initiation of ART. Post-
diagnosis behavioural changes can significantly reduce the
number of new HIV infections, but viral load reductions
through ART have the greatest impact and together are
estimated to reduce transmission by 89% over the first
year of infection.

The broader population impact of such interventions may
depend on the stage of the HIV epidemic. Current literature
estimates the fraction of HIV transmissions in urban MSM
populations resulting from AHI partners to be anywhere
from 4% to 50% [13,16,19,40–45]. The phylogenetic
approach used by Brenner and colleagues in the Quebec
PHI Cohort leads to the higher estimate of early infection
accounting for approximately half of onwards transmissions
[13]. This finding is supported by phylogenetic studies in
MSM populations elsewhere and would fit the ongoing
incidence in MSM in Bangkok with a reported 60-month
cumulative HIV incidence of 23.9% (31.3% for 18–21-year-
olds) and overall HIV incidence of 5.9 per 100 person years
[17]. It is reasonable to expect that in such a rising and
ongoing HIV epidemic, AHI detection and control may be a
powerful HIV prevention measure. We also demonstrated
that AHI detection and early ART initiation are feasible to
implement.

Benefits of treatment as prevention for MSM are con-
sidered highly plausible [1,46]. However, prevention bene-
fits may be attenuated by other factors such as increasing
condomless sex or STIs. The ongoing PARTNER and
Opposites Attract studies provide the strongest evidence
to date that treatment as prevention is indeed effective in
MSM, with no transmissions reported to date in the
PARTNER study among the sero-discordant MSM couples
in whom the HIV-positive partner had HIV RNA <200
copies/ml [47,48]. The study’s analysis estimated within-
couple risk of HIV transmission for condomless receptive
anal intercourse when ejaculation occurred to be 0 (zero)
per 100 couple years (upper 95% confidence limit 2.7)
despite an STI incidence of 17–18% among the participating
MSM. The benefit of treatment as prevention not being

negatively impacted by condomless sex or STI in these
studies, yet a high HIV incidence in some MSM commu-
nities with high ART uptake, would fit with AHI being an
important factor in transmission in these communities [47].
If so, then to meet the UNAIDS target of eliminating HIV by
2030, AHI detection and treatment would need to be prior-
itized [49]. To the best of our knowledge, there are no
studies specifically looking into treatment as prevention
which target people during AHI. Our study therefore adds
to the current literature by offering a first estimate of its
possible impact based on actually observed AHI treatment
effects.

The public health challenges of optimizing the
engagement of care cascade to facilitate treatment as
prevention strategies at the population level have been
well described, recently with focus on engaging people
with AHI [50,51]. While identifying AHI individuals
remains challenging, AHI screening yield clearly depends
on HIV prevalence in a given population and can be
cost-effectively improved by adding pooled NAT testing
to diagnostic algorithms for populations at high risk
[32,52,53]. AHI incidence at the Thai Red Cross
Anonymous Clinic was previously reported at 2.2 per
100 person years but seems to be rising after success-
fully engaging more MSM in HIV testing and counselling
through Adam’s Love, an innovative web-based commu-
nications strategy. Since its introduction, the annual
number of participants identified with AHI has increased
from 25 to over 100 at this clinic [54]. Our study adds to
a growing body of evidence that once identified, AHI
may present a unique opportunity for behavioural coun-
selling and entry into care [55–60]. We observed a
significant reduction in sexual partners and a significant
increase in condom use among study participants as
reported at 24-week follow-up on study which was sus-
tained throughout week 48, but our data cannot estab-
lish whether this was impacted by the behavioural
counselling provided in the study or might be seen
based on awareness of diagnosis alone [56–58].

Figure 6. Estimated number of onwards transmissions across the cohort over one year of infection per participant.
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While we need longer follow-up data to assert whether
the observed behavioural changes are sustained, it is very
encouraging that they are at least sustained until the vast
majority of participants have reached plasma HIV RNA
below the level of detection. Screening for AHI and linkage
to care and treatment have been routinely practised in
other settings, including North America and Australia,
showing both feasibility and cost efficacy [61–66].

Our study is subject to limitations, which should be
noted in interpreting results. The main finding of esti-
mated transmissions averted is dependent on the rela-
tionship between viral load and HIV transmission
probabilities. The relationship used was derived from
heterosexual discordant couples in latent infection but
adjusted to reflect higher transmission probability magni-
tudes for MSM in Bangkok and calibrated to local inci-
dence and prevalence data. Calculations used numbers of
self-reported transmission-related risk events, which are
subject to potential bias. Social desirability and informa-
tion bias cannot be excluded in gathering historical infor-
mation on sexual behaviour. Given the sensitive nature of
the information, we assume that self-reported beha-
vioural data may underestimate number of partners and
overestimate condom use. Standardized medical history
taking at each follow-up visit readdressed these questions
as a result of which such phenomena were minimized as
much as possible. The duration of time from infection to
diagnosis cannot be verified or estimated precisely,
regardless of evidence of acute HIV detection among
the individuals included in this study.

Conclusions
There is strong evidence that ART not only has individual
clinical benefits but also substantially reduces transmission
risk. Given the large contribution of AHI to population
incidence, we aimed to assess the potential effect of target-
ing detection of AHI in Bangkok-based MSM and initiation
of early ART. We estimated that this approach could lead to
89% reduction in HIV transmissions during the first year of
HIV infection when levels of transmission are highest. We
believe that global elimination targets by 2030 require
investment in prioritizing detection and treatment of early
HIV infection. We have provided evidence that intensive
efforts with such a strategy can lead to large changes in
transmission and thus potential epidemic reversal
among MSM.

Authors’ affiliations
1Thai Red Cross AIDS Research Centre, Bangkok, Thailand; 2SEARCH,
Bangkok, Thailand; 3Kirby Institute, University of New South Wales, Sydney,
Australia; 4US Military HIV Research Program (MHRP), Walter Reed Army
Institute of Research, The Henry M. Jackson Foundation for the
Advancement of Military Medicine, Bethesda, MD, USA; 5Department of
Retrovirology, US Army, Medical Component, Armed Forces Research
Institute of Medical Sciences, Bangkok, Thailand; 6International Vaccine
Institute, Seoul, South Korea; 7Department of Preventive Medicine and
Public Health, University of California at San Francisco, San Francisco, CA,
USA; 8Burnet Institute, Melbourne, Australia

Competing interests
JA has received honorarium from ViiV Healthcare and Merck, for her participa-
tion in advisory meetings. For the remaining authors, none were declared.

Authors’ contributions
EK, NP, AS, JA, FvG and DW conceived, designed and drafted the article. EK,
NP, JF, NC, JK, FvG, MR and JA participated in the study design, coordination,
clinical care of the participants and data interpretation. SP, AS and DW
compiled and analysed the data and provided risk calculation modelling. SA
and MdS participated in the laboratory testing, data compilation and inter-
pretation. All authors read, provided input and approved the final article.

Acknowledgements
The RV254/SEARCH 010 Study Group includes from SEARCH/TRC-ARC/HIV-
NAT: Nipat Teeratakulpisarn, Donn Colby, Thep Chalermchai, Duanghathai
Sutthichom, Somprartthana Rattanamanee, Peeriya Prueksakaew, Pacharin
Eamyoung, Suwanna Puttamaswin, Somporn Tipsuk, Putthachard
Sangtawan, Sasiwimol Ubolyam, Apicha Mahanontharit and
Naphassanant Laopraynak; from AFRIMS: Robert O’ Connell, Rapee
Trichavaroj, Nantana Tantibul, Hathairat Savadsuk and Vatcharain
Assawadarachai; and from the US Military HIV Research Program
(MHRP): Nelson Michael and Sodsai Tovanabutra. The study sponsors
had no involvement in study design; data collection, analysis, and inter-
pretation; writing of the article; nor in the decision to submit the paper
for publication.

Disclaimer
The content of this manuscript is solely the responsibility of the authors and
does not necessarily represent the official views of any of the institutions
mentioned above, the US Department of the Army or the US Department of
Defense, nor does mention of trade names, commercial products or organi-
zations imply endorsement by the US government or the Thai Red Cross
AIDS Research Centre.

Funding
The empirical component of this study was funded by the US Military HIV
Research Program, Walter Reed Army Institute of Research, Rockville,
Maryland, under a cooperative agreement (W81XWH-07-2-0067) between
the Henry M. Jackson Foundation for the Advancement of Military Medicine,
Inc., and the US Department of Defense. The modelling component of this
study was primarily funded by the Australian National Health and Medical
Research Council (APP1086540, APP1064192).

References

[1] Cohen M, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,
Kumarasamy N, et al. Prevention of HIV-1 infection with early antiretroviral
therapy. N Engl J Med. 2011;365:493–505.
[2] Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C, Wabwire-
Mangen F, et al. Viral load and heterosexual transmission of human immu-
nodeficiency virus type 1. Rakai Project Study Group. N Engl J Med.
2000;342:921–29.
[3] Attia S, Egger M, Muller M, Zwahlen M, Low N. Sexual transmission of HIV
according to viral load and antiretroviral therapy: systematic review and
meta-analysis. Aids. 2009;23:1397–404.
[4] Donnell D, Baeten JM, Kiarie J, Thomas KK, Stevens W, Cohen CR, et al.
Heterosexual HIV-1 transmission after initiation of antiretroviral therapy: a
prospective cohort analysis. Lancet. 2010;375:2092–98.
[5] Lingappa JR, Hughes JP, Wang RS, Baeten JM, Celum C, Gray GE, et al.
Estimating the impact of plasma HIV-1 RNA reductions on heterosexual HIV-1
transmission risk. Plos One. 2010;5(9):e12598. doi:10.1371/journal.
pone.0012598
[6] Porco TC, Martin JN, Page-Shafer KA, Cheng A, Charlebois E, Grant RM,
et al. Decline in HIV infectivity following the introduction of highly active
antiretroviral therapy. Aids. 2004;18:81–88.
[7] Beyrer C, Baral SD, Van Griensven F, Goodreau SM, Chariyalertsak S, Wirtz
AL, et al. Global epidemiology of HIV infection in men who have sex with
men. Lancet. 2012;380:367–77.

Kroon EDMB et al. Journal of the International AIDS Society 2017, 20:21708
http://www.jiasociety.org/index.php/jias/article/view/21708 | http://dx.doi.org/10.7448/IAS.20.1.21708

7

http://dx.doi.org/10.1371/journal.pone.0012598
http://dx.doi.org/10.1371/journal.pone.0012598


[8] Van Griensven F, De Lind Van Wijngaarden JW, Baral S, Grulich A. The
global epidemic of HIV infection among men who have sex with men. Curr
Opin HIV AIDS. 2009;4:300–07.
[9] Fisher M, Pao D, Brown AE, Sudarshi D, Gill ON, Cane P, et al.
Determinants of HIV-1 transmission in men who have sex with men: a
combined clinical, epidemiological and phylogenetic approach. Aids.
2010;24:1739–47.
[10] Audelin AM, Cowan SA, Obel N, Nielsen C, Jørgensen LB, Gerstoft J.
Phylogenetics of the Danish HIV epidemic: the role of very late presenters in
sustaining the epidemic. J Acquir Immune Defic Syndr. 2013;62:102–08.
[11] Ye J, Xin R, Yu S, Bai L, Wang W, Wu T, et al. Phylogenetic and temporal
dynamics of human immunodeficiency virus type 1 CRF01_AE in China. Plos
ONE. 2013;8(1):e54238. doi:10.1371/journal.pone.0054238
[12] Ambrosioni J, Junier T, Delhumeau C, Calmy A, Hirschel B, Zdobnov E,
et al. Impact of highly active antiretroviral therapy on the molecular epide-
miology of newly diagnosed HIV infections. Aids. 2012;26:2079–86.
[13] Brenner BG, Roger M, Stephens D, Moisi D, Hardy I, Weinberg J, et al.
Transmission clustering drives the onward spread of the HIV epidemic among
men who have sex with men in Quebec. J Infect Dis. 2011;204:1115–19.
[14] Marzel A, Shilaih M, Yang WL, Böni J, Yerly S, Klimkait T, et al. HIV-1
transmission during recent infection and during treatment interruptions as
major drivers of new infections in the Swiss HIV cohort study. Clin Infect Dis.
2016;62:115–22.
[15] Volz EM, Ionides E, Romero-Severson EO, Brandt MG, Mokotoff E,
Koopman JS. HIV-1 transmission during early infection in men who have
sex with men: a phylodynamic analysis. Plos Med. 2013;10(12):e1001568.
doi:10.1371/journal.pmed.1001568
[16] Hollingsworth TD, Pilcher CD, Hecht FM, Deeks SG, Fraser C. High
transmissibility during early HIV infection among men who have sex with
men-San Francisco, California. J Infect Dis. 2015;211:1757–60.
[17] Van Griensven F, Thienkruab W, McNicholl J, Wimonsateb W,
Chaikummaob S, Chonwattana W. Evidence of an explosive epidemic of
HIV infection in a cohort of men who have sex with men in Thailand. Aids.
2013;27:825–32.
[18] Miller WC, Rosenberg NE, Rutstein SE, Powers KA. The role of acute and
early HIV infection in the sexual transmission of HIV. Curr Opin HIV AIDS.
2010;5:277–82.
[19] Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage
of infection. J Infect Dis. 2008;198:687–93.
[20] Pinkerton SD. Probability of HIV transmission during acute infection in
Rakai, Uganda. AIDS Behav. 2008;12:677–84.
[21] Pilcher CD, Joaki G, Hoffman IF, Martinson FE, Mapanje C, Stewart PW,
et al. Amplified transmission of HIV-1: comparison of HIV-1 concentrations in
semen and blood during acute and chronic infection. Aids. 2007;21:1723–30.
[22] Pilcher CD, Tien HC, Eron JJ Jr, Vernazza PL, Leu SY, Stewart PW, et al.
Brief but efficient: acute HIV infection and the sexual transmission of HIV. J
Infect Dis. 2004;189:1785–92.
[23] Cohen MS, Shaw GM, McMichael AJ, Haynes BF. Acute HIV-1 Infection.
N Engl J Med. 2011;364:1943–54.
[24] Sagar M. HIV-1 transmission biology: selection and characteristics of
infecting viruses. J Infect Dis. 2010;202:S289–S296.
[25] Boutwell CL, Rolland MM, Herbeck JT, Mullins JI, Allen TM. Viral evolution
and escape during acute HIV-1 infection. J Infect Dis. 2010;202:S309–S314.
[26] Keele BF, Giorgi EE, Salazar-Gonzalez JF, Decker JM, Pham KT, Salazar
MG, et al. Identification and characterization of transmitted and early foun-
der virus envelopes in primary HIV-1 infection. Proc Natl Acad Sci USA.
2008;105:7552–57.
[27] Ananworanich J, Fletcher JL, Pinyakorn S,Van Griensven F,Vandergeeten C,
Schuetz A, et al. A novel acute HIV infection staging system based on 4th
generation enzyme immunoassay. Retrovirology. 2013;10:56. Available from:
https://retrovirology.biomedcentral.com/articles/10.1186/1742-4690-10-56
[28] Ananworanich J, Schuetz A, Vandergeeten C, Sereti I, De Souza M,
Rerknimitr R, et al. Impact of multi-targeted antiretroviral treatment on
gut T cell depletion and HIV reservoir seeding during acute HIV infection.
Plos ONE. 2012;7(3):e33948. doi:10.1371/journal.pone.0033948
[29] Sailasuta N, Ross W, Ananworanich J, Chalermchai T, DeGruttola V,
Lerdlum S, et al. Change in brain magnetic resonance spectroscopy after
treatment during acute HIV infection. Plos ONE. 2012;7(11):e49272.
doi:10.1371/journal.pone.0049272
[30] Valcour V, Chalermchai T, Sailasuta N, Marovich M, Lerdlum S,
Suttichom D, et al. Central nervous system viral invasion and inflammation
during acute HIV infection. J Infect Dis. 2012;206:275–82.

[31] Phanuphak N, Teeratakulpisarn N, Van Griensven F, Chomchey N,
Pinyakorn S, Fletcher JL, et al. Anogenital HIV RNA in Thai men who have
sex with men in Bangkok during acute HIV infection and after randomization
to standard vs. intensified antiretroviral regimens. J Int AIDS Soc.
2015;18:19470.
[32] De Souza MS, Phanuphak N, Pinyakorn S, Trichavaroj R, Pattanachaiwit
S, Chomchey N, et al. Impact of nucleic acid testing relative to antigen/
antibody combination immunoassay on the detection of acute HIV infection.
Aids. 2015;29:793–800.
[33] Robb ML, Eller LA, Kibuuka H, Rono K, Maganga L, Nitayaphan S, et al.
Prospective study of acute HIV-1 infection in adults in East Africa and
Thailand. N Engl J Med. 2016;374:2120–30.
[34] Røttingen JA, Garnett GP. The epidemiological and control implications
of HIV transmission probabilities within partnerships. Sex Transm Dis.
2002;29:818–27.
[35] Wilson DP, Law MG, Grulich AE, Cooper DA, Kaldor JM. Relation
between HIV viral load and infectiousness: a model-based analysis. Lancet.
2008;372:314–20.
[36] Blaser N, Wettstein C, Estill J, Vizcaya LS, Wandeler G, Egger M, et al.
Impact of viral load and the duration of primary infection on HIV transmis-
sion: systematic review and meta-analysis. Aids. 2014;28:1021–29.
[37] Baggaley RF, White RG, Boily MC. HIV transmission risk through anal
intercourse: systematic review, meta-analysis and implications for HIV pre-
vention. Int J Epidemiol. 2010;39:1048–63.
[38] Patel P, Borkowf CB, Brooks JT, Lasry A, Lansky A, Mermin J. Estimating
per-act HIV transmission risk: a systematic review. Aids. 2014;28:1509–19.
[39] Leelawiwat W, Rutvisuttinunt W, Arroyo M, Mueanpai F, Kongpechsatit O,
Chonwattana W, et al. Increasing HIV-1 molecular complexity among men who
have sex with men in Bangkok. AIDS Res Hum Retroviruses. 2015;31:393–400.
[40] Goodreau SM, Carnegie NB, Vittinghoff E, Lama JR, Sanchez J, Grinsztejn
B, et al. What drives the US and Peruvian HIV epidemics in men who have
sex with men (MSM)? Plos ONE. 2012;7(11):e50522. doi:10.1371/journal.
pone.0050522
[41] Xiridou M, Geskus R, De Wit J, Coutinho R, Kretzschmar M. Primary HIV
infection as source of HIV transmission within steady and casual partnerships
among homosexual men. Aids. 2004;18:1311–20.
[42] Pinkerton SD. How many sexually-acquired HIV infections in the USA are
due to acute-phase HIV transmission? Aids. 2007;21:1625–29.
[43] Wawer MJ, Gray RH, Sewankambo NK, Serwadda D, Li X, Laeyendecker
O, et al. Rates of HIV-1 transmission per coital act, by stage of HIV-1
infection, in Rakai, Uganda. J Infect Dis. 2005;191:1403–09.
[44] Hayes RJ, White RG. Amplified HIV transmission during early-stage
infection. J Infect Dis. 2006;193:604–605; author reply 605–606.
[45] Lewis F, Hughes GJ, Rambaut A, Pozniak A, Leigh Brown AJ. Episodic
sexual transmission of HIV revealed by molecular phylodynamics. Plos Med.
2008;5(3):e50. doi:10.1371/journal.pmed.0050050
[46] Muessig KE, Smith MK, Powers KA, Lo YR, Burns DV, Grulich AE, et al.
Does ART prevent HIV transmission among MSM? Aids. 2012;26:2267–73.
[47] Rodger A, 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 therapy. Jama. 2016;316:171–81.
[48] Grulich AE, Bavinton BR, Jin F, Prestage G, Zablotska I, Grinsztejn B,
et al. HIV transmission in male discordant couples in Australia, Thailand and
Brazil [Abstract]. Croi. 2015:abstract number 1019LB.
[49] UNAIDS. 90-90-90 An ambitious treatment target to help end the AIDS
epidemic. UNAIDS. 2014 [cited 2017 Apr 24]. Available from: http://www.
unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
[50] Gardner EM, McLees MP, Steiner JF, Del Rio C, Burman WJ. The spec-
trum of engagement in HIV care and its relevance to test-and-treat strategies
for prevention of HIV infection. Clin Infect Dis. 2011;52:793–800.
[51] Rutstein SE, Sellers CJ, Ananworanich J, Cohen MS. The HIV treatment
cascade in acutely infected people: informing global guidelines. Curr Opin
HIV AIDS. 2015;10:395–402.
[52] Patel P, Klausner JD, Bacon OM, Liska S, Taylor M, Gonzalez A, et al.
Detection of acute HIV infection in high-risk patients in California. J Acquir
Immune Defic Syndr. 2006;42:75–79.
[53] Stekler J, Swenson PD, Wood RW, Handsfield HH, Golden MR. Targeted
screening for primary HIV infection through pooled HIV-RNA testing in men
who have sex with men. Aids. 2005;19:1323–25.
[54] Anand T, Nitpolprasert C, Ananworanich J, Pakam C, Nonenoy S,
Jantarapakde J, et al. Innovative strategies using communications

Kroon EDMB et al. Journal of the International AIDS Society 2017, 20:21708
http://www.jiasociety.org/index.php/jias/article/view/21708 | http://dx.doi.org/10.7448/IAS.20.1.21708

8

http://dx.doi.org/10.1371/journal.pone.0054238
http://dx.doi.org/10.1371/journal.pmed.1001568
https://retrovirology.biomedcentral.com/articles/10.1186/1742-4690-10-56
http://dx.doi.org/10.1371/journal.pone.0033948
http://dx.doi.org/10.1371/journal.pone.0049272
http://dx.doi.org/10.1371/journal.pone.0050522
http://dx.doi.org/10.1371/journal.pone.0050522
http://dx.doi.org/10.1371/journal.pmed.0050050
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf


technologies to engage gay men and other men who have sex with men into
early HIV testing and treatment in Thailand. J Virus Erad. 2015;1:111–15.
[55] Steward WT, Remien RH, Higgins JA, Dubrow R, Pinkerton SD, Sikkema
KJ, et al. Behavior change following diagnosis with acute/early HIV infection -
a move to serosorting with other HIV-infected individuals. The NIMH multi-
site acute HIV infection study: III. AIDS Behav. 2009;13:1054–60.
[56] Marks G, Crepaz N, Senterfitt JW, Janssen RS. Meta-analysis of high-risk
sexual behavior in persons aware and unaware they are infected with HIV in
the USA. J Acquir Immune Defic Syndr. 2005;39:446–53.
[57] Gorbach PM, Weiss RE, Jeffries R, Javanbakht M, Drumright LN, Daar ES,
et al. Behaviors of recently HIV-infected men who have sex with men in the
year postdiagnosis: effects of drug use and partner types. J Acquir Immune
Defic Syndr. 2011;56:176–82.
[58] Pettifor A, Corneli A, Kamanga G, McKenna K, Rosenberg NE, Yu X, et al.
HPTN 062: a pilot randomized controlled trial exploring the effect of motiva-
tional-interviewing intervention on sexual behavior among individuals with
acute HIV infection in Lilongwe, Malawi. Plos ONE. 2015;10(5):e0124452.
doi:10.1371/journal.pone.0124452
[59] White PJ, Fox J,Weber J, Fidler S,Ward H. How many HIV infections may
be averted by targeting primary infection in men who have sex with men?
Quantification of changes in transmission-risk behavior, using an individual-
based model. J Infect Dis. 2014;210:S594–S599.
[60] Kuruc JD, Hightow L,McCoy SI, Pittard DV,McGee KS, Ashby RM, et al. Acute
HIV-rapid intervention and entry into healthcare - a unique approach [Abstract].

APHA. 2006 [cited 2017 Apr 24]; Boston, abstract number 141071. Available from:
https://apha.confex.com/apha/134am/techprogram/paper_141071.htm
[61] Sabharwal CJ, Bodach S, Braunstein SL, Sepkowitz K, Shepard C. Entry
into care and clinician management of acute HIV infection in New York city.
AIDS Patient Care STDS. 2012;26:129–31.
[62] Axelrad J, Mimiaga MJ, Grasso C, Mayer KH. Trends in the spectrum of
engagement in HIV care and subsequent clinical outcomes among men who
have sex with men (MSM) at a Boston community health center. AIDS
Patient Care STDS. 2013;27:287–96.
[63] Hoenigl M, Graff-Zivin J, Little SJ. Costs per diagnosis of acute HIV
infection in community-based screening strategies: a comparative analysis
of four screening algorithms. Clin Infect Dis. 2016;62:501–11.
[64] Mehta SR, Murrell B, Anderson CM, Kosakovsky Pond SL, Wertheim JO,
Young JA, et al. Using HIV sequence and epidemiologic data to assess the
effect of self-referral testing for acute HIV infection on incident diagnoses in
San Diego, California. Clin Infect Dis. 2016;63:101–07.
[65] Ministry of Health, New South Wales, Australia. NSW HIV Strategy
2012-2015: Data Report. 2015 Quarter 3 [cited 2016 Jun 11]. Available
from: http://www.health.nsw.gov.au/endinghiv/Documents/q3-2015-hiv-
data-report.pdf
[66] Pilcher C, HatanoH,Dasgupta A, Jones D,Torres S, Calderon F, et al. Providing
same day, observed ART to newly diagnosed HIV+ outpatients is associated with
improved virologic suppression [Abstract]. Ias. 2015:Abstract number
WEAD0105LB.

Kroon EDMB et al. Journal of the International AIDS Society 2017, 20:21708
http://www.jiasociety.org/index.php/jias/article/view/21708 | http://dx.doi.org/10.7448/IAS.20.1.21708

9

http://dx.doi.org/10.1371/journal.pone.0124452
https://apha.confex.com/apha/134am/techprogram/paper_141071.htm
http://www.health.nsw.gov.au/endinghiv/Documents/q3-2015-hiv-data-report.pdf
http://www.health.nsw.gov.au/endinghiv/Documents/q3-2015-hiv-data-report.pdf

	Abstract
	Introduction
	Methods
	Study design
	Setting and participants
	Laboratory methods
	Measures
	Statistical and risk calculation methods
	Risk calculator model methods

	Results
	Data collection
	Modelling analyses

	Discussion
	Conclusions
	Authors&#x2019; affiliations
	Competing interests
	Authors’ contributions
	€Acknowledgements€
	Disclaimer
	Funding
	References



