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Background: The effect of antiretroviral therapy on seminal HIV
shedding in the community remains unknown.

Objective: To evaluate the effect of antiretroviral therapy on HIV
shedding in semen.

Design: Prospective cohort study.

Setting: University hospital in Rio de Janeiro, Brazil.

Patients: 93 HIV-infected men.

Intervention: Antiretroviral therapy as prescribed by each pa-
tient’s physician.

Measurement: HIV RNA in semen and blood plasma before and
after introduction of therapy.

Results: At baseline, HIV RNA was detected in 69 semen samples
(74%) and 89 blood samples (96%). Six months after introduction
of therapy, HIV RNA was detected in 29 semen samples (33%)
and 33 blood samples (38%). The mean reduction in levels of HIV
RNA in semen at 6 months was 1.65 log10 units.

Conclusions: Antiretroviral therapy reduces shedding of HIV in
semen, which probably in turn reduces HIV transmissibility. How-
ever, a substantial proportion of patients may still be infectious
and may have drug-resistant strains of the virus.
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Sexual activity is the most common method of HIV
transmission (1). Strong evidence supports a correla-

tion between blood plasma HIV viral load and transmissi-
bility (2). In addition, small short-term studies have dem-
onstrated that antiretroviral therapy reduces levels of HIV
RNA in semen and may thereby reduce HIV transmission
(3–5). Recent improvements in antiretroviral regimens
have been shown to have dramatic effects on HIV-related
morbidity and mortality (6).

However, these advances have led to the existence of a
large pool of potentially infectious HIV-seropositive per-
sons. The effect of antiretroviral therapy on HIV shedding
in semen is known only in a clinical trial setting; however,
it is of major importance to public health, particularly if a
substantial proportion of patients continues to shed poten-
tially drug-resistant HIV in semen despite receiving ther-
apy. We evaluated the effectiveness of antiretroviral ther-
apy in a community setting.

Methods
Study Design

The study was conducted from November 1996
through May 1998 at the Hospital Universitário Clem-
entino Fraga Filho (HUCFF), a large teaching hospital of
the Universidade Federal do Rio de Janeiro, Rio de Janeiro,
Brazil. The institutional review boards of the HUCFF,
Johns Hopkins University (Baltimore, Maryland), and the

University of Pittsburgh (Pittsburgh, Pennsylvania) ap-
proved the study. Ninety-three HIV-infected men were
recruited when they decided to start antiretroviral therapy.
The decision to start, change, or stop therapy was made by
study patients and their physicians according to the guide-
lines of the Brazilian Ministry of Health, without input
from the study investigators. All patients provided in-
formed consent.

The first (baseline) visit occurred before the introduc-
tion of antiretroviral therapy. Follow-up visits were sched-
uled for 1, 2, 3, and 6 months after initiation of therapy. A
detailed interview and a physical examination were per-
formed at each visit. Patients with genital ulcerations or
urethral discharge were excluded from the analysis. Semen
was collected by masturbation at the study site after at least
48 hours of sexual abstinence, was processed within 30
minutes of collection, and was frozen at 270 °C after
liquefaction.

Laboratory Methods
We used the NucliSens assay (Organon Teknika,

Durham, North Carolina) to measure HIV viral load in
whole semen and blood plasma after one freeze–thaw cycle
(4). We chose the NucliSens assay because it is less sensi-
tive to inhibition by unknown factors in semen (7). Pa-
tients were tested for syphilis with the VDRL test; a posi-
tive result was confirmed with a fluorescent treponemal
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antibody absorption test (FTA-ABS). A commercial poly-
merase chain reaction kit was used to detect Chlamydia
trachomatis infection in urine. We determined CD41 and
CD81 lymphocyte counts by using the Becton Dickinson
FACScan procedure (Becton Dickinson, San Jose, California).

Statistical Analysis
In the main analysis, we determined the reduction in

HIV viral load from the pretreatment visit to each of the
four follow-up visits. Because changes in log-transformed
HIV viral load in blood and semen seemed to be normally
distributed, 95% CIs were calculated to assess the differ-
ences between pre- and post-treatment values. If HIV viral
load values were below the detection level (400 copies/
mL), they were assigned a value of 282.84 (400 divided by
the square root of 2). Spearman rank correlation coeffi-
cients were calculated to determine the correlation between
HIV viral load in blood plasma and whole semen.

Results
At the 6-month visit, 88 of 93 patients (95%) had a

blood sample available and 85 (91%) provided a semen
sample. The median age was 33.8 years. Most patients
(95%) had a sexual risk factor for HIV infection. Thirty-
five patients (38%) had a CD41 count less than 200 cells/
mm3, 29 (31%) had a CD41 count of 200 to 350 cells/
mm3, and 27 (29%) had a CD41 count greater than 350
cells/mm3. Ninety-one patients were antiretroviral-naive,
and 2 had a history of nucleoside monotherapy. Eighty
patients (86%) began double nucleoside combination ther-
apy, and 13 (14%) began a triple-drug regimen that con-
tained a protease inhibitor. Seventy-two patients (77%)
started with zidovudine and didanosine. At the last follow-
up visit (6 months), 19 patients (22%) were receiving a
triple-drug combination regimen. Baseline values for viral
load in semen and blood plasma did not significantly differ
by choice of type of therapy. All urine specimens were
negative for C. trachomatis, and one was positive for Tricho-
monas vaginalis. Serum VDRL and FTA-ABS results were
positive in 14 patients. None of these patients reported a
history compatible with syphilis in the month before sam-
ple collection.

Baseline Measurements
The median baseline viral load was 47 000 copies/mL

in plasma and 7800 copies/mL in semen. Viral load was
undetectable in 4 blood plasma samples (4%) and 24 se-

men samples (26%). At baseline, HIV viral load in semen
was positively correlated with HIV viral load in plasma
(r 5 0.44 [95% CI, 0.26 to 0.59]) and negatively corre-
lated with CD41 cell count (r 5 20.31 [CI, 20.11 to
20.48]).

Figure. Patients with detectable HIV viral load (>400
copies/mL) in semen (top) and blood plasma (bottom)
before and after introduction of antiretroviral therapy.
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Effect of Therapy on HIV Shedding in Semen
Antiretroviral therapy was associated with a 66% re-

duction in the proportion of patients who had detectable
HIV RNA in semen from baseline to the 6-month follow-
up visit (Figure). At baseline, HIV RNA was detected in
69 (74%) semen samples and 89 (96%) blood samples. Six
months after introduction of therapy, HIV RNA was de-
tected in 29 (33%) semen samples and 33 (38%) blood
samples. As early as 1 month after the start of therapy, a
reduction of approximately 1.41 log10 units was observed
in patients who had detectable HIV RNA in semen at
baseline (Table). The viral burden was reduced in patients
receiving a triple-drug regimen that contained a protease
inhibitor as well as in those receiving a double nucleoside
combination regimen. Of patients who had detectable
HIV RNA in semen at baseline, 18 of 48 receiving dual
therapy (38%) and 2 of 16 receiving a triple-drug, protease
inhibitor–containing regimen (13%) had detectable HIV
RNA in semen after 6 months of therapy (data not shown).

Discussion
The main finding of our study is that antiretroviral

therapy substantially reduces the concentration of HIV
RNA in semen. Seventy-four percent of our patients had

detectable HIV RNA in semen at baseline compared with
25% at the last follow-up visit, a reduction of 66%. All but
2 of our patients were antiretroviral-naive, which may ex-
plain the profound effect of therapy on HIV shedding in
semen. In addition, the clinically significant proportion of
patients who were prescribed antiretroviral therapy but
continued to shed HIV may have resulted in part from
nonadherence to therapy.

Of interest, a statistically significant reduction in sem-
inal HIV viral load was seen at all time points in patients
receiving a double nucleoside regimen. Although protease
inhibitor–containing regimens are usually recommended
for initial therapy for HIV infection (8), it has been sug-
gested that initial therapy with a double nucleoside regi-
men could be an option for patients who have an interme-
diate risk for HIV progression (9). Our finding that double
nucleoside combination therapy has a positive effect on
HIV shedding in semen suggests that this therapy may also
be able to reduce the spread of HIV infection through
sexual transmission.

Our findings have important consequences for the dy-
namics of the AIDS epidemic. Evidence suggests that re-
duced HIV viral load in semen is associated with dimin-
ished sexual transmissibility of HIV. Previous studies have
shown a correlation between blood plasma HIV viral load
and heterosexual transmission (2). Furthermore, a high vi-
ral load in sexual secretions is positively correlated with risk
for sexual transmission of the simian immunodeficiency
virus (10).

The longitudinal design is a strength of our study. The
inconsistent results of earlier studies on this topic may be
explained by cross-sectional design or by laboratory meth-
ods (11–13). Another strength of our study design is that it
was meant to simulate clinical practice. Because we had no
control over the decisions to start or change antiretroviral
therapy, our results are probably more representative of the
true effectiveness of therapy in the community setting. Our
results are generally consistent with those of the few small
longitudinal studies that were nested in clinical trials (3–5).
The results obtained from clinical trials may not be gener-
alizable because these trials tend to select for adherent pa-
tients and may therefore overestimate the effect of therapy
(14, 15). However, because we do not know the propor-
tion of persons informed about the study who presented
for enrollment, we could also have selected for persons who
were more adherent than the general population. There-

Table. Mean Reduction in HIV Viral Load in 69 Patients
with Detectable Baseline Seminal HIV Viral Load
according to Type of Combination Therapy*

Time
Point and
Therapy

HIV Viral Load
in Semen

HIV Viral Load
in Blood Plasma

Patients Mean Reduction
(95% CI)

Patients Mean Reduction
(95% CI)

n log10 units n log10 units
1 month

Any 68 1.41 (1.17–1.64) 68 1.54 (1.31–1.77)
Double 59 1.42 (1.17–1.68) 59 1.45 (1.21–1.70)
Triple 9 1.31 (0.60–2.01) 9 2.12 (1.59–2.64)

2 months
Any 65 1.53 (1.25–1.80) 65 1.63 (1.40–1.87)
Double 57 1.54 (1.24–1.85) 57 1.55 (1.30–1.79)
Triple 8 1.42 (0.83–2.00) 8 2.27 (1.51–3.02)

3 months
Any 65 1.51 (1.20–1.81) 65 1.65 (1.38–1.91)
Double 51 1.44 (1.10–1.79) 51 1.46 (1.16–1.75)
Triple 14 1.76 (1.03–2.49) 14 2.34 (1.82–2.84)

6 months
Any 64 1.65 (1.33–1.96) 66 1.52 (1.25–1.80)
Double 48 1.49 (1.12–1.87) 50 1.30 (1.01–1.59)
Triple 16 2.12 (1.54–2.70) 16 2.21 (1.62–2.81)

* For each type of therapy, none of the differences between semen and blood plasma values
were statistically significant.
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fore, our results could overestimate the impact of antiret-
roviral therapy on HIV shedding in semen.

The main limitation of our study is that the correla-
tion between HIV viral load in semen and sexual infec-
tiousness of HIV has not been established. Replication-
competent HIV has been recovered from the semen of
HIV-infected men who were receiving antiretroviral ther-
apy and had undetectable HIV viral load in blood plasma
and semen (16). In addition, increased high-risk behavior
(17) may reduce the effect of antiretroviral therapy on HIV
transmission (18). However, strong evidence supports a
positive correlation between HIV viral load and risk for
transmission (2). From a public health perspective, reduced
HIV viral load in semen will probably lead to reduced
sexual infectiousness and, consequently, reduced sexual
transmission.

Despite these generally positive findings, it was dis-
turbing that HIV RNA was detected in the semen of a
substantial proportion of patients who had completed
6 months of therapy, including 13% of those receiving
triple-drug therapy. We cannot confirm that this detectable
virus was biologically competent. However, the widespread
use of antiretroviral therapy may contribute to the selection
and transmission of drug-resistant virus and may conse-
quently attenuate any beneficial effects of such therapy on
public health (19).
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