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We assessed human immunodeficiency virus (HIV) load in plasma 
and semen during primary HIV infection using serial samples of 
semen and plasma during the first 24 weeks after diagnosis in 
untreated participants and those who started antiretroviral 
therapy (ART) immediately at diagnosis. In the absence of 
treatment, semen viral load was >1000 copies/mL in almost all 
specimens (83%) collected 2–10 weeks after the estimated date of 
HIV acquisition and remained >1000 copies/mL in 35% of 
untreated participants at the last observed time point. Thus, in 
the absence of ART, semen viral load remained at a level 
consistent with transmissibility throughout primary infection.
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Treatment as prevention (TasP) strategies initiate antiretroviral 
therapy (ART) soon after a human immunodeficiency virus 
(HIV) diagnosis and can reduce forward transmission by sup-
pressing viral replication [1–3]. However, most cluster ran-
domized trials of TasP in heterosexual populations in Africa 
did not demonstrate expected reductions in HIV incidence 
[4–7], suggesting that TasP strategies are nuanced.

Plasma viral load (VL) is a predictor of forward transmission 
[8]; large epidemiologic studies have documented few 

transmissions from individuals with suppressed plasma VL. 
Plasma VL generally correlates well with the biologically rele-
vant measure of VL in semen or rectal secretions, but this is 
not always the case [9].

To investigate the potential consequences of even short delays 
in treatment during primary HIV infection when VL is high, we 
analyzed serial samples of semen and plasma during the first 24 
weeks after diagnosis in untreated participants and those who 
started ART immediately at diagnosis. We also assessed whether 
plasma VL reliably predicts semen VL during this period.

METHODS

Study Population

The present study includes 66 participants from the Sabes 
study, conducted from 2013 to 2017 in Lima, Peru [10]. 
Sabes enrolled 2109 HIV-negative men who have sex with 
men and transgender women who were tested monthly for 
HIV antibodies and RNA. Participants diagnosed with acute 
(HIV seronegative and HIV RNA positive) or recent (HIV se-
ropositive with HIV RNA negative test within 3 months) HIV 
infection were randomized to initiate ART immediately (im-
mediate arm) or 24 weeks later (deferred arm). This analysis in-
cludes 29 immediate arm and 37 deferred arm participants. If 
deferred arm participants met local treatment criteria prior to 
24 weeks, they were offered ART and censored at ART initia-
tion. Immediate and deferred arm participants are referred to 
as treated and untreated for the purpose of this study.

Self-Administered Questionnaires

Participants reported demographics (eg, age, self-identified 
gender), substance use including the Alcohol Use Disorders 
Identification Test (AUDIT; https://auditscreen.org/about/ 
scoring-audit/), and sexual behaviors using a computer- 
assisted self-interview at study visits.

Time Since HIV Infection

We used estimated date of detectable infection (EDDI) and 
Fiebig stage [11] at the time of randomization to assess time 
since HIV infection. EDDI was calculated using a published on-
line calculator that incorporates all HIV testing data from each 
participant [12].

Laboratory Data

CD4 cell count and CD4/CD8 ratio were assessed at weeks 0, 4, 
12, and 24; HIV-1 RNA in plasma and semen were measured at 
week 0 and at 1, 2, 4, 8, 12, and 24 weeks after randomization 
(Abbott m2000 real-time HIV-1 assay; Abbott Molecular). 
The lower limits of quantification (LLOQ) were approximately 
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40 copies/mL for plasma and 160 to 640 copies/mL for semen, 
which reflects the differing dilution factors. In the event of 
missing samples, the sample from the closest available time 
point was analyzed.

Participants were tested for sexually transmitted infections 
(STI) at weeks 0, 12, and 24 and as indicated clinically, and 
treated according to local guidelines. Urine samples and rectal 
swabs were tested for chlamydia and gonorrhea (APTIMA 
Combo 2 Assay; Hologic Gen-Probe, Inc).

Specimen Collection

Semen was collected by masturbation after ≥3 days of sexual ab-
stinence. Seminal plasma was prepared by centrifugation of 
1 mL of semen at 800g for 10 minutes and stored at −80°C. 
HIV-negative semen was used to obtain the necessary sample 
volume for processing, thus diluting the semen 4–16 times. 
Blood was drawn at semen collection time points, and plasma 
was stored at −80°C.

Viral Suppression

We defined viral suppression in both plasma and semen as 2 
consecutive measurements of <1000 copies/mL. While our 
limit of detection in semen was 160–640 copies/mL, we used 
the approximation of 1000 copies/mL as the likely threshold 
for transmissibility. In prior studies, we found this level to be 
the minimum needed to support HIV infection in vitro; in a 
study of 232 semen samples, only 1 of 24 HIV coculture- 
positive samples had seminal plasma VL < 2.8 log copies/mL 
[9, 13].

Statistical Analysis

Differences between treatment arms were evaluated using χ2 or 
Fischer exact analysis for categorical variables and 2-sample t 
tests on means for continuous variables. We used the 
Kruskal-Wallis test for differences in semen VL at baseline com-
paring Fiebig stages 1–4 to Fiebig stages 5–6, and to test whether 
there was a difference in baseline VL by randomization arm.

Spaghetti plots tracked VL decay in plasma and semen by 
treatment arm; the value for participants achieving the LLOQ 
in semen (160–640 copies/mL) or plasma (40 copies/mL) was 
plotted at one-half the LLOQ. Kaplan-Meier curves plotted 
by compartment (semen and plasma) and treatment arm 
show the survival functions to the first of at least 2 consecutive 
visits with VL <1000 copies/mL. Cox proportional hazard 
models were used to compare treatment arms for semen and 
plasma VL separately. We compared VL in plasma and semen 
to assess how well plasma VL predicts semen VL during the 
high viremia seen in primary infection.

We calculated the area under the curve (AUC) using 
Riemann sums for log10 VLs for each individual, using time 
to viral suppression (ie, 2 subsequent measures below the 
LLOQ) or until the end of follow-up. We quantified the 

longitudinal association between cumulative AUC and treat-
ment arm using linear mixed effects models. We used a density- 
dependent decay model to compare treatment arms for both 
semen and plasma (Supplementary Material).

Ethics

This study was approved by institutional review boards at the 
Fred Hutchinson Cancer Center, Asociación Civil Impacta 
Salud y Educación, and the Asociación Vía Libre.

RESULTS

Sixty-six individuals with acute or recent HIV infection were 
included in this analysis. At enrollment, participants reported 
an average of 9 partners in the last 3 months (range, 1–60). 
Three-quarters reported unprotected receptive anal intercourse 
(mean, 4.8 partners; range, 1–55) and two-thirds reported un-
protected insertive anal intercourse (mean, 8 partners; range, 
1–40). Twenty-nine participants began ART (Atripla, 
Efavirenz/Emtricitabine/Tenofovir [n = 28] or Stribild, 
Elvitegravir/Cobicistat/Emtricitabine/Tenofovir [n = 1]) im-
mediately, while 37 participants were randomized to the de-
ferred arm. Gender, age, AUDIT score, Fiebig stage category, 
CD4/CD8 ratio, or CD4 counts were comparable between the 
immediate and deferred arms (Supplementary Table 1). The 
mean time between EDDI and randomization at the enrollment 
visit was 36.8 days (SD 17.3) in the immediate arm and 43.2 
days (SD 18.2) in the deferred arm.

Plasma Viral Load

Plasma VL at baseline was slightly higher among immediate 
versus deferred arm participants (P = .035). The likelihood of 
achieving viral suppression in plasma was significantly higher 
in the immediate arm (Supplementary Figure 1; hazard ratio 
[HR], 28.61; P < .0001). In contrast to the rapid suppression 
of VL in the immediate arm, only 1 participant in the deferred 
arm achieved viral suppression by week 12 (Figure 1A and 1B). 
The differences in timing and extent of suppression in plasma 
were reflected in AUC analysis (Supplementary Figure 2A). 
There was persistently higher VL in blood over time as seen 
by a larger cumulative AUC over the 24-week period in the de-
ferred compared to the immediate arm (P < .001).

Semen Viral Load

At the baseline visit, we detected high-level viremia in semen, 
consistent with early seeding of this compartment after HIV ac-
quisition. Fifty-five participants (83%) had semen VL >  
1000 copies/mL, which did not differ by randomization arm 
(P = .7). We observed a slight increase in VL in semen in the 
initial weeks from EDDI (weeks 2–5), and then a decline that 
paralleled VL in plasma beginning 5 weeks from EDDI 
(Figure 2).
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Nearly all immediate arm participants achieved semen viral 
suppression by week 12 (Figure 1C and 1E). One of 10 partic-
ipants who began treatment during Fiebig stages 1–4 failed to 

achieve viral suppression; 3 of 19 who began treatment during 
Fiebig stages 5–6 did not achieve viral suppression in semen by 
week 12 and remained unsuppressed at week 24 (Figure 1E). 

Figure 1. Viral load in plasma and semen during primary infection in treated (immediate arm) and untreated (deferred arm) study participants: (A) plasma, immediate arm; 
(B) plasma, deferred arm; (C ) semen, immediate arm, Fiebig stage 1–4; (D) semen, deferred arm, Fiebig stage 1–4; (E) semen, immediate arm, Fiebig stage 5–6; and (F ) semen, 
deferred arm, Fiebig stage 5–6. Fiebig stage correlated well with time from EDDI to the randomization visit; 95% (21 of 22) participants in Fiebig stages 1–4 attended the 
randomization visit within 5 weeks of EDDI and 91% (40 of 44) participants in Fiebig stages 5–6 had their randomization visit ≥5 weeks after EDDI. The median VLs in semen 
among participants who were in Fiebig stages 1–4 versus Fiebig 5–6 at the randomization visit were similar (4.22 log10 copies/mL [IQR, 3.49–4.51] vs 4.05 log10 copies/mL 
[IQR, 3.04–4.80]; P = .99). The initial rise in semen VL, which peaked at approximately 5 weeks and subsequent decayed, (as shown in Figure 2) may be responsible for the 
similarity in the median and IQR for semen VL for Fiebig stages 1–4 versus Fiebig stages 5–6. Different colors indicate values for individual participants. Abbreviations: EDDI, 
estimated date of detectable infection; IQR, interquartile range; VL, viral load.
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Among deferred arm participants, semen VL remained 
>1000 copies/mL in 35% at the last observed time point 
(Figure 1D and 1F).

As observed in plasma, the likelihood of achieving viral sup-
pression in semen was significantly higher in the immediate ver-
sus the deferred arm (HR, 2.33; P = .007; Supplementary 
Figure 1). We observed persistent VL in semen in untreated par-
ticipants as shown by a larger AUC in the deferred compared to 
the immediate arm (P = .005; Supplementary Figure 2B).

After 12 weeks of ART in the immediate treatment arm, 3 
participants were diagnosed with urethral STIs and 4 were di-
agnosed with rectal STIs. All participants diagnosed with a ure-
thral STI (3 of 3) and 75% (3 of 4) of participants diagnosed 
with a rectal STI maintained viral suppression in semen. In 
contrast, among untreated participants 5 of 8 diagnosed with 
a urethral STI and 8 of 15 diagnosed with a rectal STI had an 
increase in semen VL above 1000 copies/mL.

Plasma VL as a Proxy for Semen VL

Defining suppression as VL below LLOQ (≤40 copies/mL in 
plasma or ≤160 copies/mL in semen) as is used for “undetect-
able equals untransmittable” (U = U), we identified 18 partici-
pants who were never suppressed in either plasma or semen, 

and 20 who achieved suppression in both compartments. 
Only 1 participant who achieved suppression in plasma was 
never suppressed in semen. This participant achieved viral sup-
pression in plasma by week 4 and remained suppressed until 
week 24. In contrast, their semen VL ranged from 18 800 to 
59 200 copies/mL during weeks 4–12 and reached 3200 cop-
ies/mL at week 24. In contrast, 27 participants who never sup-
pressed VL in plasma achieved VL suppression in semen.

DISCUSSION

Our results suggest that seeding of the genital tract occurs 
during the initial weeks after HIV infection, resulting in 
high semen VL during early primary infection. When ART 
was initiated immediately, VL in both plasma and semen re-
duced to < 1000 copies/mL in line with previous reports 
[14–17]; this level likely will not support onward transmis-
sion. Our results may provide a possible explanation for find-
ings in the PopART trial in Zambia and South Africa, which 
found that up to 30% of infections are attributable to forward 
transmission within a year of HIV acquisition [18]. These in-
ferences are consistent with our findings that HIV is detect-
able in semen shortly after HIV acquisition and remains at 

Figure 2. Viral load in semen and plasma in the absence of treatment (ie, at diagnosis) by weeks from estimated date of detectible infection (EDDI) for all study partic-
ipants. The Loess method was used to generate smoothed curves for semen and plasma viral load (VL). Dots show individual VL values and the lines show the Loess smoothed 
fit. At enrollment and randomization, time from EDDI ranged from 2 to 14 weeks. Semen VL increased slightly in the initial weeks after EDDI (weeks 2–5), and then declined 
paralleling plasma VL, beginning 5 weeks from EDDI.
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transmissible levels throughout primary infection in the ab-
sence of ART.

While semen VL is likely the best predictor of transmissibil-
ity for sexually transmitted HIV, it is usually not available and 
thus plasma is often used as a proxy. We found that plasma VL 
is a good, if conservative, predictor of semen VL during prima-
ry HIV infection, as it is in chronic infection.

We observed that suppression of semen VL was maintained 
in ART-treated participants diagnosed with STIs; in contrast, 
our results suggest an impact of STIs on semen VL in untreated 
participants, consistent with other reports [19].

In 4 TasP community-randomized trials in heterosexual pop-
ulations in Africa [4–7], reductions of HIV incidence attribut-
able to universal ART access were less than expected and 
nonsignificant in most cases. Low levels of linkage to care 
were cited as a contributing cause and the trials that showed 
the greatest impact [5, 7] were those with the most significant 
HIV testing and linkage activities [20]. Rapid linkage after 
HIV acquisition is important because throughout the 24-week 
postdiagnosis study period, VL remained elevated in semen in 
approximately 50% of untreated participants. At enrollment, 
participants reported an average of 9 partners (range, 1–60) in 
the last 3 months, with a large majority reporting anal inter-
course without a condom. Our expanded TasP strategy empha-
sized frequent HIV testing by serology and HIV RNA detection 
and facilitated timely linkage to care using peer navigators, as 
rapid detection, counseling, and treatment of HIV infection is 
needed to reduce the risk of transmission to multiple partners.

Strengths of this study are the randomized prospective study 
design, frequent follow-up, and monthly sampling, providing 
linked laboratory, epidemiologic, and behavioral data over 
time. Limitations include a relatively small sample size and 
use of self-reported data, although any bias is unlikely to be dif-
ferential by randomization group.

Detection of HIV during early infection and rapid initiation 
of ART may be essential to reducing HIV incidence in key pop-
ulations such as transgender women and men who have sex 
with men. This study underscores the critical need for timely 
HIV detection through continued scale-up of testing and link-
age in the era of universal ART access. Future research should 
seek to investigate the population-level impact and cost- 
effectiveness of strategies that seek to identify HIV infection 
shortly after acquisition and rapidly initiate ART.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online (http://jid.oxfordjournals.org/). 
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are the sole responsibility of the authors. Questions or messages 
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