@'PLOS ‘ ONE

OPEN 8 ACCESS Freely available online

HIV-1 RNA May Decline More Slowly in Semen than in
Blood following Initiation of Efavirenz-Based
Antiretroviral Therapy

Susan M. Graham'>3*, Sarah E. Holte>®, Joan A. Dragavon’, Kelly M. Ramko*, Kishor N. Mandaliya®, R.
Scott McClelland"*3°, Norbert M. Peshu®, Eduard J. Sanders*'°, John N. Krieger>'"'?,
Robert W. Coombs’"?

1 Department of Medicine, University of Washington, Seattle, Washington, United States of America, 2 Department of Global Health, University of Washington, Seattle,
Washington, United States of America, 3 Department of Medical Microbiology, University of Nairobi, Nairobi, Kenya, 4 Centre for Geographic Medicine and Research -
Coast, Kenya Medical Research Institute, Kilifi, Kenya, 5 Department of Biostatistics, University of Washington, Seattle, Washington, United States of America, 6 Department
of Biostatistics and Biomathematics, Fred Hutchinson Cancer Research Center, Seattle, Washington, United States of America, 7 Department of Laboratory Medicine,
University of Washington, Seattle, Washington, United States of America, 8 PathCare Kenya, Mombasa, Kenya, 9 Department of Epidemiology, University of Washington,
Seattle, Washington, United States of America, 10 Nuffield Department of Clinical Medicine, University of Oxford, Headington, United Kingdom, 11 Department of
Urology, University of Washington, Seattle, Washington, United States of America, 12 Department of Urology, VA Puget Sound Health Care System, Seattle, Washington,
United States of America

Abstract

Objectives: Antiretroviral therapy (ART) decreases HIV-1 RNA levels in semen and reduces sexual transmission from HIV-1-
infected men. Our objective was to study the time course and magnitude of seminal HIV-1 RNA decay after initiation of
efavirenz-based ART among 13 antiretroviral-naive Kenyan men.

Methods: HIV-1 RNA was quantified (lower limit of detection, 120 copies/mL) in blood and semen at baseline and over the
first month of ART. Median log,o HIV-1 RNA was compared at each time-point using Wilcoxon Signed Rank tests. Perelson’s
two-phase viral decay model and nonlinear random effects were used to compare decay rates in blood and semen.

Results: Median baseline HIV-1 RNA was 4.40 log;o copies/mL in blood (range, 3.20-5.08 log,, copies/mL) and 3.69 log;q
copies/mL in semen (range, <2.08-4.90 log;, copies/mL). The median reduction in HIV-1 RNA by day 28 was 1.90 log,
copies/mL in blood (range, 0.56-2.68 log;, copies/mL) and 1.36 log;, copies/mL in semen (range, 0-2.66 logo copies/mL).
ART led to a decrease from baseline by day 7 in blood and day 14 in semen (p =0.005 and p = 0.006, respectively). The initial
modeled decay rate was slower in semen than in blood (p =0.06). There was no difference in second-phase decay rates
between blood and semen.

Conclusions: Efavirenz-based ART reduced HIV-1 RNA levels more slowly in semen than in blood. Although this difference
was of borderline significance in this small study, our observations suggest that there is suboptimal suppression of seminal
HIV-1 RNA for some men in the early weeks of treatment.
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what extent, and for how long different ART regimens suppress
genital HIV-1 shedding in different populations.

Previously, we documented the decrease in genital HIV-1
shedding as women initiated World Health Organization (WHO)-
recommended first-line therapy containing two nucleoside reverse

Introduction

Effective antiretroviral therapy (ART) can greatly decrease
HIV-1 transmission risk from treated individuals to their sexual
partners [1-3]. These dramatic reductions in sexual transmission

likely reflect decreased genital shedding of infectious HIV-1 [4].
While models suggest that widespread ART could help curb the
global pandemic [5], it is important to understand how quickly, to
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transcriptase inhibitors (NRTT) plus a non-nucleoside reverse
transcriptase inhibitor (NNRTT), primarily nevirapine [6]. Because
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transmission from men to women accounts for many infections in
sub-Saharan Africa [7], the effect of NNRTI-based therapy on
seminal HIV-1 RNA levels is likely a key determinant of ART’s
preventive impact. We hypothesized that initiation of efavirenz-
based ART would produce a rapid decrease in seminal HIV-1
RNA during the first month of therapy, but that the time course
and magnitude of decay in semen might differ from events
observed in blood.

Methods

Study Population and Procedures

HIV-1-seropositive Kenyan men attending a research clinic
between July 2008 and July 2009 were invited to participate if they
were eligible for ART according to Kenyan National Guidelines at
the time (CD4 count =250 cells/uL or AIDS-defining illness) and
were willing to undergo intensive follow-up including collection of
semen. The initial regimen was stavudine or zidovudine combined
with lamivudine in a single tablet twice daily plus efavirenz
600 mg once daily. Adherence to therapy was monitored by pill
count, and directly administered ART was used to observe one of
two daily doses at each visit.

Eligible men were screened for sexually transmitted infections
(STT) before ART initiation. Study visits were conducted at
baseline (day 0) then on days 2, 4, 7, 14, and 28 after ART
initiation. At each visit, counseling staff interviewed participants
using standardized questionnaires about recent sexual behavior,
health status, and medication adherence. A standardized physical
examination was performed, and urine was collected for STI
screening. Blood was collected for CD4 cell counts on days 0 and
28, and for plasma HIV-1 RNA on days 0, 2, 7, 14 and 28.
Participants collected semen in sterile urine specimen cups or non-
reactive condoms (Durex® Avanti, SSL International, Anderson,
SC, USA) according to a standard protocol [8], and submitted
specimens within 2 hours of ejaculation.

This study was approved by ethical review committees at the
Kenya Medical Research Institute and University of Washington
(UW). All participants provided written informed consent.

Laboratory Methods

STI screening included testing for urine leukocyte esterase
(Multistix 10 SG, Bayer Diagnostics, Bridgend, UK), urethritis
(>5 leukocytes per 100x field in Gram-stained urethral
secretions), Trichomonas vaginalis (In-Pouch TV®, BioMed Diagnos-
tics, White City, OR, USA), and Chlamydia trachomatis and Neisseria
gonorrhoeae (Aptima GC/CT Detection System®, GenProbe Inc.,
San Diego, CA, USA). CD4 counts were determined using FACS
Count (Becton Dickinson, Forest Lakes, NJ, USA). Semen was
processed immediately after submission, following our published
methods [8]. Specimens for HIV-1 RNA testing were frozen
within 8 h of collection, then stored at —70°C until shipment to
Seattle. HIV-1 RNA was quantified in the UW Retrovirology
Laboratory using an independently validated real-time PCR
amplification assay [9,10]. The lower limit of quantification was
120 copies/mL.

Data Analysis

HIV-1 RNA was logjg-transformed, and set at %2 the lower
limit of detection if the result was below this limit. Median log)
HIV-1 RNA values were compared across time-points using
Wilcoxon Signed Rank tests. The Perelson model for two-phase
viral decay was used to describe mean log;y blood and seminal
HIV-1 RNA levels over time [l1]. Nonlinear mixed effects
methods with fixed effects for compartment (blood vs. semen) and
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random effects for baseline HIV-1 RNA and second-phase decay
were used to compare decay rates [12]. Participants with
undetectable seminal HIV-1 RNA at baseline were excluded from
modeling of decay in semen. Otherwise, all measures were
included until the first of two subsequent undetectable measures
was achieved.

A minimum sample size of 13 men was required, based on a
paired-sample t test comparing the HIV-1 RNA shedding end-
points (baseline and day 28) with an anticipated difference of =1
logjo copies/mL, an estimated standard deviation of 1.0 log,
copies/mL, o= 0.05, 90% power, and a two-sided hypothesis test.
Our target enrollment was 16 men, to allow for up to 20% loss to
follow-up at day 28. Analyses were conducted using SPSS (version
15.0; IBM Corp., Armonk, NY, USA) and S-Plus (version 7.0;
TIBCO Software, Inc., Palo Alto, CA). A two-sided p value <0.05
was considered significant.

Results

Study Participants

Thirteen men participated, with median age 32 years (inter-
quartile range [IQR], 28-34 years) and median education 10 years
(IQR, 6-12 years). Five men reported sex with women only, two
reported sex with both women and men, and six reported sex with
men only. Their median CD4 count was 204 cells/uL (IQR, 130
248 cells/pL). WHO stage was I for two, II for five, III for four,
and IV for two men. All participants denied urethritis symptoms at
baseline, although one C. trachomatis infection was diagnosed and
treated. No genital ulcers were observed at baseline.

Eleven men completed the study through day 28, and only 3 of
78 (3.8%) expected visits were missed (one on day 7, two on day
28). One man failed to provide any semen specimens due to severe
phimosis and balanitis. Median ART adherence was 100% (range,
96.7%—-100%) for once-daily efavirenz tablets and 98.3% (range,
95.0%-100%) for twice-daily combined NRTT tablets. No new
urethral infections or genital ulcers were observed.

HIV-1 RNA Levels

Median baseline HIV-1 RNA was 4.40 log;o copies/mL in
blood (range, 3.20-5.08 log;( copies/mL) and 3.69 log;, copies/
mL in semen (range, <2.08-4.90 log;, copies/mL). The median
reduction in HIV-1 RNA by day 28 was 1.90 log;, copies/mL
in blood (range, 0.56-2.68 log;, copies/mL) and 1.36 log
copies/mL in semen (range, 0-2.66 log;o copies/mL). Table 1
presents median HIV-1 RNA in blood and semen after ART
mitiation. The decrease was significant by day 7 in blood and
day 14 in semen (p=0.005 and p=0.006, respectively). The
decrease in seminal HIV-1 RINA by day 28 was not associated
with genitourinary inflammation, symptoms, or reported adher-
ence.

HIV-1 RNA was detected in the blood of all men (100%) on day
0, 11 of 12 men (91.7%) on day 14, and 9 of 11 men (81.8%) on
day 28. In contrast, HIV-1 RNA was detected in the semen of 10
of 12 men (83.3%) on day 0, 8 of 12 men (66.7%) on day 14, and 4
of 10 men (40.0%) on day 28. Detectable HIV-1 RNA levels on
day 28 ranged from 206-1,240 copies/mL in blood and 120—
5,128 copies/mL in semen, including three men with seminal
HIV-1 RNA levels >1,000 copies/mL. Baseline seminal HIV-1
RNA was higher among the four men with detectable seminal
HIV-1 RNA than the six men with undetectable seminal HIV-1
RNA at day 28, although this difference was not statistically
significant (4.20 log)y copies/mL vs. 3.23 log)y copies/mL,
p=0.10).
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Table 1. Median Log;q HIV-1 RNA Level During the First Month of Antiretroviral Therapy among 13 Kenyan Men.

Time-point Copies/mL in Blood Plasma (IQR) Copies/mL in Seminal Plasma (IQR)
Baseline 4.40 (3.91-4.71) 3.69 (2.95-4.37)

Day 2* 3.81 (3.46-4.45), P=0.08 3.43 (2.01-4.64), P=0.66

Day 4* - 3.23 (2.77-4.17), P=0.37

Day 7*t 2.87 (2.35-2.98), P=0.005 3.26 (2.47-4.01), P=0.08

Day 14*t 2.74 (2.27-3.06), P=0.003 2.45 (<2.08-3.53), P=0.006

Day 287 247 (2.31-2.68), P=0.003 <2.08 (<2.08-3.21), P=0.005

IQR = Inter-quartile range.

and day 14 (1 sample).
doi:10.1371/journal.pone.0043086.t001

Modeling of HIV-1 RNA Decay Rates

The Perelson model was used to evaluate HIV-1 RNA decay in
blood (Figure la) and semen (Figure 1b) [l11]. For each
compartment, estimates were derived for both the initial rapid
phase of decay (designated ““6”°) and the subsequent, slower phase
of decay (designated “p”). For each estimate, a decay rate in log,
virions/day and a half-life are presented. Initial decay was
significantly greater than zero in blood, but not in semen.
Subsequent decay was not significantly greater than zero in either
compartment. The initial modeled decay rate was slower in semen
than in blood, although this difference was of borderline statistical
significance (p =0.06). There was no difference in the second
phase of decay between semen and blood (p=0.17).

Discussion

The effect of ART on HIV-1 RNA levels in semen is poorly
understood, but of particular importance for defining the
infectious window following AR initiation. We conducted the
largest study to date with frequent, longitudinal sampling of semen
from antiretroviral-naive Kenyan men during their first month of
efavirenz-based ART. We found that first-phase decay was
significantly greater than zero in men’s blood, but the initial
decay rate in semen was not greater than zero and had an
estimated half-life of over 3 days. Although the relatively small
number of participants provided limited statistical power, this
difference in initial decay rates between blood and semen was of
borderline significance (p=0.06). Thus, while we failed to
demonstrate statistical significance in this small study, HIV-1
RNA decay during efavirenz-based therapy appears to be slower
in semen than in plasma.

Prospective studies of men taking highly active ART have
demonstrated reductions in seminal HIV-1 shedding [13-16], but
also identified both persistent and intermittent seminal HIV-1
shedding during treatment [13-15]. Persistent or recurrent
shedding might reflect poor antiretroviral penetration into male
genital tract tissues and fluids, differences in pH between semen
and blood, the presence of inhibitors in semen, or factors such as
ejaculation frequency, which changes semen composition. In
addition, decay after ART initiation may be affected by different
distributions between blood and genital compartments of activated
lymphocytes (responsible for the first phase of decay) versus long-
lived infected cells such as memory T cells, macrophages, and
dendritic cells (responsible for the second, slower phase of decay)
[11], with a greater proportion of long-lived cells in the genital
tract.
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P values given are for paired comparisons to baseline levels for each sample type.

*Due to public holidays or other scheduling difficulties, eleven visits (15.9%) occurred one day before or one day after the scheduled visit date.
fOne day 7 visit was missed and two day 28 visits were missed. All semen samples were missing for one participant. Blood samples were missing on day 7 (2 samples)

Only one published study evaluated seminal HIV-1 RNA decay
[16]. In this study, seminal HIV-1 RNA level was assessed at
multiple time points after therapy initiation for two patients: one
ART-naive man starting nevirapine-based therapy and one
treatment-experienced man starting a salvage regimen. The
estimated half-lives of seminal HIV-1 RNA were 1.1 days for
first-phase decay and 12.1 days for second-phase decay [16]. Our
estimate of initial decay was 2 days slower, and we did not find the
second-phase decay to be significantly greater than zero. Our
study has the advantage of having included only ART-naive men
with high initial viral loads and a standard regimen that differed
only in the thymidine analog used (i.e., stavudine or zidovudine).
Importantly, while zidovudine, stavudine, and lamivudine all
achieve levels in semen at least as high as levels in blood [17,18],
efavirenz concentrations in semen have been estimated to be
=10% of concentrations in blood [19-22].

Despite the somewhat slower estimated initial decay rate in
semen, HIV-1 RNA levels were undetectable at a higher
frequency in semen than in blood specimens (e.g., 60% vs. 18%)
by day 28, in keeping with previous observations that seminal
HIV-1 RNA is usually suppressed by efavirenz-containing triple-
drug regimens [20-22]. However, break-through shedding and
ongoing viral evolution have both been documented during
efavirenz treatment [23,24]. Continued seminal shedding among
men taking ART has been related to higher baseline seminal HIV-
1 RNA levels (important early in treatment) and suboptimal
adherence (important throughout therapy) [14,25]. Seminal HIV-
1 RNA levels comparable to those we observed at day 28 in three
men (>1,000 copies/mL) have been associated with heterosexual
transmission events [4]. Of note, the only linked HIV-1
transmission event in the intervention group of the recently
published trial of early ART for HIV-1 prevention was identified 3
months after the HIV-1-infected male partner initiated efavirenz-
based treatment [3,26]. Integrase inhibitors such as raltegravir
lead to faster HIV-1 RNA clearance from blood plasma [27], and
have been shown to penetrate seminal plasma well [28]. Studies
are needed to compare the effect of efavirenz-containing versus
raltegravir-containing regimens on genital and rectal HIV-1
shedding.

This is the first intensive study of seminal HIV-1 RNA levels
among African men starting ART, and the WHO-recommended
regimen used is the most common regimen worldwide [29,30].
Participants reported excellent adherence, with =95% of doses
taken. Given recent evidence documenting the efficacy of ART for
HIV-1 prevention [3], our evaluation of efavirenz-based ART’s
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Figure 1. Decrease in HIV-1 RNA in blood and semen during the first month of antiretroviral therapy. Figure 1a presents results for
blood plasma, and Figure 1b presents results for seminal plasma. Open, connected circles represent included data points (see methods). The bold line
represents the modeled estimate. Delta (3) is the estimate for the initial, rapid phase of decay, and mu (p) the estimate for the subsequent, slower
phase of decay. The half-life in days for each phase is equal to In(2) divided by the decay rate in logqo virions/day. P values are presented for
comparisons of the two decay rates in seminal plasma to those seen in blood plasma. NA =not applicable.

doi:10.1371/journal.pone.0043086.9001

effect on HIV-1 RNA levels in semen is timely. However, our
study had some important limitations. First, the small sample size
provided limited power to detect potentially important clinical
differences in decay rates between semen and blood. It proved
difficult to recruit men due to intensive sampling, and we did not
reach our target enrolment of 16 men. Second, it is possible that
men had lower adherence than that estimated by pill counts.
Because of small sample volumes, we did not measure ART levels
in semen. Third, we used sensitive assays to detect small quantities
of HIV-1 RNA in semen. The clinical importance of low-level
shedding for transmission is unclear [4]. Finally, we did not
measure cellular provirus or replication-competent virus, and so
cannot comment on efavirenz-based ART’s impact on these
outcomes.

In summary, HIV-1 RNA decay was somewhat slower in semen
than blood among antiretroviral-naive Kenyan men initiating
efavirenz-based ART. Although most participants had undetect-
able HIV-1 RNA in semen by day 28, our results suggest that
efavirenz-based ART alone might not optimally suppress seminal
HIV-1 RNA for some men during the first several weeks after

References

1. Donnell D, Baeten JM, Kiarie J, Thomas KK, Stevens W, et al. (2010)
Heterosexual HIV-1 transmission after initiation of antiretroviral therapy: a
prospective cohort analysis. Lancet 375: 2092-2098.

2. Atda S, Egger M, Muller M, Zwahlen M, Low N (2009) Sexual transmission of

HIV according to viral load and antiretroviral therapy: systematic review and
meta-analysis. AIDS 23: 1397-1404.

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

4. Baeten JM, Kahle E, Lingappa JR, Coombs RW, Delany-Moretlwe S, et al.

(2011) Genital HIV-1 RNA predicts risk of heterosexual HIV-1 transmission. Sci

Transl Med 3: 77ra29.

Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG (2009) Universal

voluntary HIV testing with immediate antiretroviral therapy as a strategy for

climination of HIV transmission: a mathematical model. Lancet 373: 48-57.

6. Graham SM, Holte SE, Peshu NM, Richardson BA, Panteleeff DD, et al. (2007)
Initiation of antiretroviral therapy leads to a rapid decline in cervical and vaginal
HIV-1 shedding. AIDS 21: 501-507.

7. UNAIDS (2010) Global report: UNAIDS report on the global AIDS epidemic
2010. Geneva: Joint United Nations Program on HIV/AIDS (UNAIDS).

8. Graham SM, Krieger JN, Githua PL, Wamuyu LW, Wale S, et al. (2011) Post-
prostatic massage fluid/urine as an alternative to semen for studying male
genitourinary HIV-1 shedding. Sex Transm Infect 87: 232-237.

9. Zuckerman RA, Lucchetti A, Whittington WL, Sanchez J, Coombs RW, et al.
(2007) Herpes simplex virus (HSV) suppression with valacyclovir reduces rectal
and blood plasma HIV-1 levels in HIV-1/HSV-2-seropositive men: a
randomized, double-blind, placebo-controlled crossover trial. J Infect Dis 196:
1500-1508.

10. Li CC, Seidel KD, Coombs RW, Frenkel LM (2005) Detection and
quantification of human immunodeficiency virus type 1 p24 antigen in dried
whole blood and plasma on filter paper stored under various conditions. J Clin
Microbiol 43: 3901-3905.

11. Perelson AS, Essunger P, Cao Y, Vesanen M, Hurley A, et al. (1997) Decay
characteristics of HIV-l-infected compartments during combination therapy.
Nature 387: 188-191.

12. Pinheiro JC, Bates DM (2000) Mixed Effects Models in S and S-Plus. New York:
Springer-Verlag.

13. Leruez-Ville M, Dulioust E, Costabliola D, Salmon D, Tachet A, et al. (2002)
Decrease in HIV-1 seminal shedding in men receiving highly active
antiretroviral therapy: an 18 month longitudinal study (ANRS EP012). AIDS
16: 486-488.

14. Sheth PM, Kovacs C, Kemal KS, Jones RB, Raboud JM, et al. (2009) Persistent
HIV RNA shedding in semen despite effective antiretroviral therapy. AIDS 23:
2050-2054.

15. Shen C, Ding M, Craigo JK, Tarwater P, Chatterjee R, et al. (2010) Genetic

characterization of HIV-1 from semen and blood from clade C-infected subjects

wr

PLOS ONE | www.plosone.org

treatment initiation and that comparisons with other ART
regimens are warranted.

Acknowledgments

We would like to thank the research staff who helped make this
project a success, the Kenya Medical Research Institute (KEMRI)
and the International AIDS Vaccine Initiative (IAVI) for support
of E. Sanders and use of clinical space, the Coast Provincial
General Hospital for provision of laboratory space, and the
KEMRI Director for permission to publish. Special thanks go to
the men who participated in this study.

Author Contributions

Conceived and designed the experiments: SMG RSM JNK RWC EJS
NMP. Performed the experiments: JAD KMR KNM. Analyzed the data:
SMG SEH. Wrote the paper: SMG. All authors read and approved the
final manuscript: SMG RSM JNK RWC EJS NMP JAD KMR KNM
SEH.

from India and effect of therapy in these body compartments. Virology 401:
190-196.

16. Taylor S, Ferguson NM, Cane PA, Anderson RM, Pillay D (2001) Dynamics of
seminal plasma HIV-1 decline after antiretroviral treatment. AIDS 15: 424-426.

17. Pereira AS, Smeaton LM, Gerber JG, Acosta EP, Snyder S, et al. (2002) The
pharmacokinetics of amprenavir, zidovudine, and lamivudine in the genital
tracts of men infected with human immunodeficiency virus type 1 (AIDS clinical
trials group study 850). J Infect Dis 186: 198-204.

18. Taylor S, van Heeswijk RP, Hoetelmans RM, Workman J, Drake SM, et al.
(2000) Concentrations of nevirapine, lamivudine and stavudine in semen of
HIV-1-infected men. AIDS 14: 1979-1984.

19. Ghosn J, Chaix ML, Peytavin G, Rey E, Bresson JL, et al. (2004) Penetration of
enfuvirtide, tenofovir, efavirenz, and protease inhibitors in the genital tract of
HIV-1-infected men. AIDS 18: 1958-1961.

20. Lowe SH, Wensing AM, Droste JA, ten Kate RW, Jurriaans S, et al. (2006) No
virological failure in semen during properly suppressive antiretroviral therapy
despite subtherapeutic local drug concentrations. HIV Clin Trials 7: 285-290.

21. Taylor S, Reynolds H, Sabin CA, Drake SM, White DJ, et al. (2001) Penetration
of efavirenz into the male genital tract: drug concentrations and antiviral activity
in semen and blood of HIV-1-infected men. AIDS 15: 2051-2053.

22. Reddy YS, Gotzkowsky SK, Eron JJ, Kim JY, Fiske WD, et al. (2002)
Pharmacokinetic and pharmacodynamic investigation of efavirenz in the semen
and blood of human immunodeficiency virus type l-infected men. J Infect Dis
186: 1339-1343.

23. Lorello G, la Porte C, Pilon R, Zhang G, Karnauchow T, et al. (2009)
Discordance in HIV-1 viral loads and antiretroviral drug concentrations
comparing semen and blood plasma. HIV Med 10: 548-554.

24. Craigo JK, Patterson BK, Paranjpe S, Kulka K, Ding M, et al. (2004) Persistent
HIV type 1 infection in semen and blood compartments in patients after long-
term potent antiretroviral therapy. AIDS Res Hum Retroviruses 20: 1196-1209.

25. Barroso PF, Schechter M, Gupta P, Bressan C, Bomfim A, et al. (2003)
Adherence to antiretroviral therapy and persistence of HIV RNA in semen.
J Acquir Immune Defic Syndr 32: 435-440.

26. Cohen M, Chen Y, McCauley M, Gamble T, Bollinger R, et al. (2011)
Antiretroviral treatment to prevent the sexual transmission of HIV-1: results
from the HPTN 052 multinational randomized controlled trial [MOAXO0102].
Presented at the 6 IAS Conference on HIV Pathogenesis, Treatment, and
Prevention; Rome.

27. Murray JM, Emery S, Kelleher AD, Law M, Chen ], et al. (2007) Antiretroviral
therapy with the integrase inhibitor raltegravir alters decay kinectics of HIV,
significantly reducing the second phase. AIDS 21: 2315-2321.

28. Calcagno A, Bonora S, D’Avolio A, Siccardi M, Simiele M, et al. (2010)
Raltegravir penetration in seminal plasma of healthy volunteers. Antimicrob
Agents Chemother 54: 2744-2745.

August 2012 | Volume 7 | Issue 8 | e43086



HIV-1 RNA in Semen and Blood following ART

29. World Health Organization (WHO) (2010) Antiretroviral therapy for HIV 30. Ivers LC, Kendrick D, Doucette K (2005) Efficacy of antiretroviral therapy
infection in adults and adolescents: recommendations for a public health programs in resource-poor settings: a meta-analysis of the published literature.
approach. Geneva: World Health Organization. Clin Infect Dis 41: 217-224.

PLOS ONE | www.plosone.org 6 August 2012 | Volume 7 | Issue 8 | e43086



