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Abstract

Although there is discordance between human immunodeficiency virus (HIV) blood plasma and seminal plasma
viral loads (VL), little is known about the dynamics of VL rebound in these compartments upon discontinuation of
highly active antiretroviral therapy (HAART). Therefore, we sought to examine the relationship between blood and
semen VL rebound after discontinuation of HAART. Participants in this substudy were men enrolled from two
centers of a multicenter, placebo-controlled randomized trial of HIV therapeutic vaccination using ALVAC with or
without Remune. With at least 2 years of sustained virologic suppression and following a 20-week vaccination
course, subjects underwent structured HAART interruption. Fourteen men provided semen samples. Seven to 12
weeks after HAART interruption, all 14 men had detectable blood VLs whereas 8 of 14 had detectable seminal VLs.
There was a significant correlation between blood and seminal VLs (Spearman r = 0.58, p = 0.03) at the time of semen
collection. An earlier time to detectable blood VL after HAART interruption was associated with higher seminal VL
(Spearman r = - 0.64, p = 0.02). These findings support the compartmentalization of HIV and underscore the im-
portance of understanding the genital tract as an HIV reservoir in the quest to minimize HIV transmission.

Sexual transmission accounts for approximately 80%
of human immunodeficiency virus (HIV) infections.1 Al-

though highly active antiretroviral therapy (HAART) confers
a very significant reduction in the risk of HIV transmission,2

discontinuation of antiretrovirals (ARVs) results in rebound
blood plasma viremia.3,4 However, it is currently unknown
whether the kinetics of seminal viral rebound parallel that of
viral rebound in the blood. Understanding the kinetics of
seminal viral load (VL) rebound is critical as genital HIV RNA
levels have been shown to predict HIV-1 transmission, inde-
pendently of the peripheral blood VL.5 Therefore, we sought
to explore the relationship between rebound plasma viremia
in blood plasma and seminal plasma in HIV-infected men
upon discontinuation of HAART.

Subjects were male volunteers from The Ottawa Hospital
Immunodeficiency Clinic and The Maple Leaf Medical Clinic
(MLMC) who were participating in the Canadian Institutes of

Health Research (CIHR) Canadian HIV Trials Network (CTN)
173 Study. This was a multicenter, randomized, double-blind
placebo-controlled trial of a combined therapeutic vaccine.
The objective of this study was to determine if therapeutic
vaccination would induce anti-HIV-specific immunity and
delay viral rebound after discontinuation of HAART. The
intervention included ALVAC, a vaccination that contains a
canarypox virus vector vCP1452,6 designed to enhance CD8
T cell responses,7 and Remune, which contains chemically
and physically inactivated gp120-depleted HIV-18 and
induces helper T cell responses.9

Patients were randomized to receive either ALVAC plus
Remune, ALVAC plus Remune placebo, or both placebos.
Participants received Remune (or matched placebo) at weeks
0, 12, and 20 and ALVAC (or matched placebo) at weeks 8, 12,
16, and 20. At week 24, participants interrupted HAART
providing their VL was maintained < 50 copies/ml. Patients

1Division of Infectious Diseases, University of Ottawa, Ottawa, Canada.
2University of Toronto and the Maple Leaf Medical Clinic, Toronto, Canada.
3Division of Hematology and Immunology Service, McGill University Health Centre, Montreal, Canada.
4CIHR Canadian HIV Trials Network, Vancouver, Canada.
5Sanofi Pasteur, Swiftwater, Pennsylvania.
6Centre de Recherche du Centre Hospitalier de l’Université de Montréal, Montréal, Canada.
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were monitored clinically and through laboratory parameters
through week 48. Primary study results have been published
previously.10

As a substudy, participants at The Ottawa Hospital Im-
munodeficiency Clinic and The MLMC had the option of
donating a semen sample at baseline, week 24, and week 32.
This latter time point was selected as it was expected that, by
this time, plasma VL would have rebounded and VL set-point
would have been established in the majority of subjects. Ap-
proval was obtained from the institutional ethics review
boards from both sites.

As outlined by Angel et al.,10 individuals were eligible if
they were > 18 years of age with HIV infection and receiving a
minimum of three ARV agents, with HIV RNA < 50 copies/
ml for > 2 years. All subjects were on a protease inhibitor (PI)
plus two nucleoside reverse transcriptase inhibitors (NRTIs)
at the time of interrupting HAART. Additional eligibility re-
quirements included absolute CD4 count > 500 cells/ll, CD4
T cell nadir > 250 cells/ll, and CD4 to CD8 ratio > 0.5.
Furthermore, individuals could not have any evidence of
hepatitis B or C coinfection.

CD4 counts and blood plasma VLs (as measured by
Chiron bDNA version 3.0 assay) at weeks - 4, 0, 4, 8, 12, 16,
20, and 24 were determined. After week 24, plasma VLs were
performed biweekly for 4 weeks, weekly for 8 weeks, and
then monthly thereafter or until participants restarted ther-
apy. CD4 counts continued to be measured every 4 weeks.
Processing of semen was performed within 2 h of ejacula-
tion. Ten milliliters of RPMI was added to each semen
sample and the diluted semen samples were spun at 1500 · g
for 10 min. Eight to 10 ml of diluted seminal plasma was
collected and stored at - 150�C until analysis. VL in semen
was determined on diluted seminal plasma samples by ei-
ther bioMerieux Nuclisens HIV-1 QT assay with a limit of
quantitation of 25 copies/ml (n = 11) or Abbott RealTime
HIV-1 assay with a limit of quantitation of 40 copies/ml
(n = 3). As HIV RNA levels were determined on diluted
samples, a back-calculation was used to determine the
quantity of HIV RNA within the seminal plasma.

In the overall study, 52 men from five centers were ran-
domized between May 2004 and May 2006. Nineteen were
randomized to ALVAC plus Remune, 18 to ALVAC plus
Remune placebo, and 15 to both placebos. In this substudy, 14
subjects (median age 48, IQR 43, 59) provided semen samples
(Table 1). Eleven men provided semen samples at all three
time points. For three men, semen samples were not available
at week 24. Final seminal plasma VL measurements for all 14
subjects were performed between 46 and 87 days (7–12
weeks) after HAART discontinuation with matching blood
plasma VL available for all subjects.

As vaccination group allocation did not have any impact on
semen VL rebound (Fisher t test, p = 1.0) results for all indi-
viduals were analyzed together. At week 0 all men had blood
and seminal plasma VL below the level of quantitation (BLQ).
At week 24, the time of HAART discontinuation, median CD4
count was 866 cells/ll (IQR 791, 1,410) and median CD4%
was 37.8% (IQR 33.3%, 49.5%). Plasma VL was BLQ in all 14
subjects and all 11 men who provided semen samples at week
24 had seminal plasma VLs BLQ. At the time of semen sample
collection, 7–12 weeks after discontinuation of HAART, virus
was detectable in the semen of 8 out of 14 men and in the
plasma of all 14 subjects.

Blood plasma VL was greater than seminal plasma VL in 13
out of 14 men. There was also a significant correlation be-
tween blood and seminal plasma VL at the time seminal and
plasma VL was evaluated (Spearman r = 0.58, p = 0.03) (Fig.
1A). The primary outcome of the main study was related to
the time to detectable blood plasma VL after HAART

Table 1. Immunization Treatment Allocation and

Highly Active Antiretroviral Therapy Regimen

Subject Immunization
treatment allocation HAART regimen

1 Placebo Lopinavir/r, 3TC, ABC
2 Remune + ALVAC Lopinavir/r, 3TC, ABC
3 Placebo Lopinavir/r, 3TC, d4T
4 Remune + ALVAC Lopinavir/r, 3TC, AZT
5 Remune + ALVAC Lopinavir/r, 3TC, ABC
6 ALVAC Lopinavir/r, 3TC, AZT
7 Remune + ALVAC Saquinavir/r, 3TC, AZT
8 Placebo Lopinavir/r, 3TC, ABC
9 Remune + ALVAC Nelfinavir, 3TC, AZT, ABC
10 Placebo Lopinavir/r, 3TC, TDF
11 Remune + ALVAC Lopinavir/r, TDF, FTC
12 ALVAC Lopinavir/r, 3TC, d4T
13 Placebo Lopinavir/r, 3TC, d4T
14 Remune + ALVAC Indinavir, AZT, 3TC

HAART, highly active antiretroviral therapy; r, ritonavir boosting
dose; 3TC, lamivudine; ABC, abacavir; d4T, stavudine; AZT,
zidovudine; TDF, tenofovir; FTC, emtricitabine.

FIG. 1. (A) Seminal plasma and blood plasma HIV viral
load (VL) 7–12 weeks after discontinuation of highly active
antiretroviral therapy (HAART). (B) Seminal plasma HIV VL
7–12 weeks after discontinuation of HAART versus time to
detectable blood plasma viremia.
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interruption. The frequent measurements of blood plasma VL
allowed for the ability to determine if the rapidity of VL re-
bound in the blood correlated with the magnitude of VL in
semen 8 weeks after HAART interruption. An earlier time to
detectable blood VL after HAART discontinuation was found
to be associated with higher seminal VL (Spearman r = - 0.64,
p = 0.02) (Fig. 1B). Mean time to VL rebound in the blood
tended to be shorter in subjects with detectable virus in the
semen 7–12 weeks after HAART interruption (15.1 – 10.2
days) compared to those with seminal VL BLQ (27.8 – 21.7
days) although this did not reach statistical significance
( p = 0.169). With six out of 14 men having seminal plasma VL
BLQ and none with blood plasma BLQ at week 32, there was a
statistically significant difference in the likelihood of an un-
detectable VL in blood versus seminal plasma after HAART
interruption (McNemar’s X2 = –4.16, p = 0.041), consistent with
differing kinetics of viral replication and further indicating the
compartmentalization of HIV.

Since vaccination group allocation did not have any impact
on semen VL rebound, we sought to examine the kinetics of
VL rebound in seminal plasma compared to blood plasma
after discontinuation of HAART. Our findings demonstrated
a correlation between time to detectable blood plasma VL and
magnitude of semen VL. This result is noteworthy given that
we were able to detect a correlation despite our small sample
size. Moreover, given that blood plasma VLs are used to
monitor control of HIV replication in clinical practice, this
finding has implications for patient counseling. Specifically, it
suggests that men whose blood plasma VLs become detect-
able rapidly upon HAART discontinuation are more likely to
harbor higher levels of HIV within their seminal plasma.
Therefore, these men may be more likely to transmit HIV
infection to their partners compared to men whose blood
plasma VLs take longer to rebound and extra vigilance is thus
required to minimize the risk of HIV transmission. Further-
more, 6 of 14 individuals had seminal VLs BLQ while none
had blood VLs BLQ 7–12 weeks upon HAART discontinua-
tion. The finding that approximately half of the subjects had
seminal VLs BLQ, and that blood VLs tended to be greater
than seminal VLs, supports the concept of differential viral
replication and compartmentalization.11–14 However, as
phylogenetic studies were not performed, there remains the
possibility that a degree of spillover of virus from peripheral
blood, in addition to localized viral production, has occurred.

The only other published study examining rebound semi-
nal viremia in the context of HAART discontinuation was that
performed by Liuzzi et al.15 They examined VL rebound in
blood and seminal plasma in 12 HIV-infected males who
discontinued HAART after at least 1 year of therapy. VL re-
bound in plasma and seminal VL was detected in all patients.
While the magnitude of rebound was generally greater in
blood plasma, two patients had higher VLs in seminal plasma.
The major difference between this study and ours was the fact
that one-third of their subjects did not have suppressed blood
plasma VLs at the time of HAART interruption. Ongoing viral
replication at the time of HAART interruption undoubtedly
has an impact on seminal VL kinetics. Another important
difference between the Liuzzi et al. study and our study is that
treatment interruptions in the former were not structured but
were often precipitated by adverse effects of ARVs. Further-
more, in the study by Liuzzi et al. VL rebound was examined
at variable lengths of time after treatment interruption (range

1–8 months after HAART interruption) and following un-
known adherence to HAART.

In addition to the small sample size, another limitation of
our study is that specimens were collected at only a single
point in time after HAART discontinuation and may not be
reflective of the relationship between blood and seminal
plasma VL rebound at later time points. We also did not
account for the possibility of sexually transmitted infections
(STIs), which can facilitate the transmission of HIV by in-
ducing a local inflammatory response.16 Furthermore, semen
itself contains many substances that both enhance and inhibit
HIV infectivity.17–20 For example, Munch et al. have described a
semen-derived enhancer of viral infectivity (SEV1). This
substance forms aggregates of amyloid fibrils that ‘‘trap’’ HIV
virions, culminating in a potential 5-fold increase in HIV in-
fectious titer.19 As we did not examine seminal samples for the
presence of inhibitors, we cannot entirely exclude the possibility
that these substances played a role in influencing our results.

In the first study to explore the relationship between plas-
ma genital HIV RNA level and risk of heterosexual HIV
transmission, Beaton et al. prospectively examined 2,521 HIV
serodiscordant African couples.5 Specimens included cervical
samples from 1805 women and seminal samples from 716
men. The investigators found that each 1.0 log10 increase in
HIV genital HIV-1 RNA was associated with a 2.20-fold and
1.79-fold increased risk of HIV transmission for endocervical
and seminal specimens, respectively. Importantly, a higher
genital HIV RNA level was associated with increased risk of
heterosexual transmission, independently of blood plasma
VL. As genital HIV RNA was measured at a single time point,
another important observation from this study was that a
single genital HIV RNA measurement appeared to be suffi-
cient to estimate the risk of HIV transmissibility.5

It is becoming increasingly clear that understanding the
genital tract as an HIV reservoir is important in the quest to
minimize HIV transmission. As alluded to by Beaton et al., it is
plausible that VL in the genital tract may be a surrogate
marker of HIV infectivity and that the impact of new inter-
ventions aimed at reducing HIV-1 transmission can be esti-
mated by determining the genital HIV RNA level.5 Although
our sample size was small, our findings suggest that time to
VL rebound within blood plasma upon HAART discontinu-
ation may be another surrogate marker that can be used in
clinical practice to estimate the propensity for HIV transmis-
sion. Further studies are required to estimate the impact of
seminal VL and time to blood plasma VL rebound on trans-
missibility in the context of chronic, as well as acute, HIV
infection. Similarly, elucidating the mechanisms by which
different factors mediate the transmission process is also es-
sential in the quest to minimize the spread of HIV infection.
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