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Longitudinal Viral Dynamics in Semen During Early HIV
Infection

Sheldon R. Morris,' Mitchell Zhao,' Davey M. Smith,"? Milenka V. Vargas,' Susan J. Little,' and Sara Gianella'

'University of California, San Diego, La Jolla; and “Veterans Affairs San Diego Healthcare System, San Diego, California

Background. Multiple viruses coinfect the male genital tract, influencing each other’s replication and perhaps affecting human
immunodeficiency virus (HIV) pathogenesis and disease progression.

Methods. This study included 453 longitudinal seminal samples from 195 HIV-infected men from the San Diego Primary
Infection Resource Consortium and 67 seminal samples from HIV-negative healthy controls. Seminal HIV RNA and DNA from 7
human herpesviruses (HHVs) were measured by real-time polymerase chain reaction. Longitudinal shedding rates were determined
by Kaplan-Meier survival analysis. Predictors of viral shedding were determined using backwards selection in a multivariable gen-
eralized estimating equation model.

Results. HIV-infected participants presented significantly increased rates of seminal HHV shedding compared with HIV-
uninfected controls. Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) were the most commonly detected HHV in semen
of HIV-infected participants. Persistent shedding was more common for CMV and EBV when compared to other HHVs. With
exception of HHV-7, HHV shedding was not significantly influenced by HIV RNA levels, CD4" cell counts, or antiretroviral therapy.
Presence of CMV, EBV, and herpes simplex virus (HSV) were independent predictors of genital HIV RNA shedding after adjusting
for plasma HIV RNA and longitudinal measurements.

Conclusions. Seminal replication of multiple HHVs is common in our HIV primary infection cohort. Genital replication of
CMYV and EBV was the most common and was significantly associated with seminal HIV RNA shedding. Prevalence of HSV shed-
ding was lower and mostly intermittent, but its association with seminal HIV RNA was the strongest. Understanding the complex
viral milieu in semen is important for HIV transmission but might also play a role in HIV pathogenesis and disease progression.

Keywords. human herpesviruses; CMV; early HIV infection; genital secretion.

The male genital tract is an important milieu for human immu-
nodeficiency virus (HIV) replication [1-3]. Even when HIV-
infected men are suppressed with antiretroviral therapy (ART),
they can still shed HIV RNA [4] and transmit it to their part-
ners [5, 6]. This is likely a result of viral compartmentalization
[7], poor drug penetration [4, 8], coinfection with other sexually
transmitted infections [9, 10] or genital inflammation [11, 12].
Similarly, human herpesviruses (HHVs) replicate in the genital
tract, and have been linked to HIV shedding and sexual trans-
mission of HIV [13, 14]. Moreover, subclinical replication of
HHV (and cytomegalovirus in particular [15]) has been asso-
ciated with increased systemic T-cell activation, proliferation,
and exhaustion [16-18], greater HIV DNA reservoirs [17, 19],
HIV disease progression [20, 21], and possibly chronic inflam-
mation and “premature” aging in HIV-infected persons [22, 23].
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Several studies have shown that HIV coinfection provides a syn-
ergistic effect for the replication of HHYV, especially in the gen-
ital tract, where HHV shedding commonly fluctuates [24, 25].
Both cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are
reactivated as a result of changes to the cytokine network caused
by HIV coinfection [26] and as a consequence of HIV-induced
immune dysfunction [18]. In general, HIV-infected individu-
als have higher rates of HHV shedding compared with HIV-
uninfected individuals [25], with varying effects depending upon
the particular HHV type and cohort characteristics [27-29].

We previously described the rates of genital HHV replica-
tion and their association with genital levels of HIV RNA in a
cross-sectional cohort of treated HIV-infected persons [30] and
longitudinally during untreated HIV infection [31]. However, no
study has described the longitudinal dynamics of genital HHV
shedding during treated and untreated early HIV infection and
what factors might impact the shedding of these viruses.

MATERIALS AND METHODS

Participants, Samples, and Clinical Laboratory Tests
Paired semen and blood samples were collected longitudinally
from 195 HIV-infected men who were prospectively followed as
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part of the San Diego Primary Infection Resource Consortium
(PIRC) between 1997 and 2014. The estimated dates of infec-
tion was established using a series of well-defined stepwise
rules that characterize stages of infection based on serologic
and virologic criteria, as described in [32] (and summarized in
Supplementary Table 1). Routine study visits included regular
lymphocyte counts and plasma viral loads. Semen was collected
and processed as previously described [16, 33].

We also collected a single seminal sample from a similar
cohort of 67 “at risk” HIV-uninfected control participants.

The studies were conducted with appropriate written subject
consent and were approved by the Human Research Protections
Program at the University of California, San Diego.

Quantification of HIV RNA and HHV DNA in Seminal Plasma

HIV RNA levels were measured in seminal plasma by first
concentrating HIV RNA from 500 pL of seminal plasma with
high-speed centrifugation (23500g at 4°C for 1 hour) after 1:1
dilution with phosphate-buffered saline [16]. Concentrated
RNA was extracted using the High Pure Viral RNA Kit (Roche)
and HIV complementary cDNA was generated using the
SuperScript IIT First-Strand Synthesis Kit (Invitrogen) with
specific primer mf302 [34]. HIV RNA in seminal plasma was
quantified by real-time polymerase chain reaction (PCR) in an
ABI 7900HT thermocycler (Applied Biosystems) [16, 35]. HIV
RNA quantification standards were obtained from the Division
of AIDS (DAIDS) Virology Quality Assurance (VQA) program
[36]. Similarly, levels of 7 herpesviruses (CMV, EBV, herpes sim-
plex virus types 1/2 [HSV-1/2], and human herpesvirus types 6,
7, and 8 [HHV-6, HHV-7, HHV-8]) were measured in DNA
extracted from seminal plasma by real-time PCR [37]. Varicella
zoster virus was not included as it is typically not detected in

seminal plasma.

Statistical Analysis

Statistical analysis was performed using SAS software (ver-
sion 9.4). Viral loads were transformed to logarithmic scales.
Continuous variables were compared and expressed as median
with interquartile range (IQR). Seminal HIV and HHV shed-
ding were dichotomized based upon presence of any detectable
virus. Proportions were compared using Fisher exact test or X2
test as appropriate. Shedding rates of individual virus types were
determined over the course of 1 year (ie, 365 days) by survival
analysis using Kaplan-Meier estimates. Comparisons between
groups were done by log-rank test. Factors associated with
genital viral shedding were analyzed in generalized estimating
equation (GEE) models using a subset of participants with the
following characteristics: available visits that had a viral load
within 7 days, visits that were at least 7 days apart, and no more
than 6 visits per subject. The GEE approximated relative risk
through a modified Poisson model with an autoregressive cor-
relation matrix that adjusted for multiple visits [38]. Because

of the exploratory/descriptive character of this analysis, results
were not adjusted for multiple comparisons. Participants with
>2 visits (with HHV detectable in at least 1 seminal sample)
separated by >30 days were further classified based upon shed-
ding pattern of each HHV. Specifically, shedding was classified
as “persistent” if all longitudinal time points remained positive.
Otherwise, shedding was classified as “intermittent.”

RESULTS

HIV-Infected Study Participants and Baseline Samples

A total of 453 seminal samples from 195 HIV-infected men
were analyzed. All participants were men who have sex with
men (MSM) diagnosed with acute and early HIV infection, pro-
spectively enrolled in the PIRC, and willing to provide semen
samples (Table 1). The first time point (baseline) was collected
within a median estimated duration of infection of 90 (IQR,
75-158) days. At baseline, the median age was 34 (IQR, 27-40)
years, median HIV RNA levels in blood plasma were 4.64 (IQR,
3.74-5.21) log, copies/mL, and median CD4" count was 532
(IQR, 412-710) cells/uL. At the time of the first semen collec-
tion, 33 of the 195 individuals (17%) were already on ART and
15 (7%) had achieved suppressed plasma HIV RNA. Overall,
seminal HIV RNA was detectable in 146 of 195 samples (75%)
with a median seminal viral load of 3.2 (IQR, 2.1-3.8) log,  cop-
ies/mL. HHV shedding of any type in semen was present in 122
participants at baseline (62.6%), specifically: 7 (3.6%) HSV-1/2;
92 (47.2%) CMYV; 56 (28.7%) EBV; 6 (3.1%) HHV-6; 18 (9.2%)
HHV-7; and 13 (6.7%) HHV-8.

HIV-Uninfected Healthy Controls

A total of 67 HIV-uninfected healthy controls were enrolled as
part of this study. Median age was 36 (IQR 35-41) years, 87%
were MSM, and 21% were on tenofovir/emtricitabine for pre-
exposure prophylaxis within the previous month of the sample
collection. HHV shedding of any type in semen was present
in 25 participants (37.3%), specifically: 1 (1.5%) HSV-1/2; 13
(19.4%) CMV; 9 (13.4%) EBV; 1 (1.5%) HHV-6; 6 (9.0%) HHV-
7;and 1 (1.5%) HHV-8. Compared with HIV-infected individ-
uals measured on their first visit, the HIV-uninfected controls
were significantly less likely to present any HHV shedding
(37.3% vs 62.6%; P < .001), CMV shedding (19.4% vs 47.2%;
P < .0001), or EBV shedding (13.4% vs 28.7%; P < .01).
Frequency of HHV-8 shedding was also lower (1.5% vs 6.7%;
P = .13) but did not reach statistical significance. There was
no significant difference for shedding of HSV-1 or -2 (1.5% vs
3.6%; P > .2), HHV-6 (1.5% vs 3.1%; P > .2), or HHV-7 (9%
vs 9.2%; P > .2).

Longitudinal Patterns of Seminal Herpesviruses and HIV Shedding

Half of HIV-infected participants (97 of 195) had 1 or more lon-
gitudinal visits with a median of 3 (IQR, 2-4) seminal samples
provided over a median follow-up of 111 (IQR, 36-230) days.
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Table 1. HIV-Infected Cohort Characteristics and Seminal Viral Shedding

at Baseline
Baseline Characteristic No. (%)
Participants 195
Age, y, median (IQR) (n = 195) 34 (27-40)
Race/ethnicity (n = 192)
White 113 (68.9)
Hispanic 46 (24.0)
Other 33 (17.1)
Time since infection, d, median (IQR) (n = 176) 90 (75-158)
Participants with detectable plasma viral load 174 (90.2)
HIV RNA log,, copies, median (IQR) 4.64 (3.74-5.21)
CD4* count, cells/uL, median (IQR) 532 (412-710)
CD4%, median (IQR) 28.0 (22.0-35.0)
CD8" count, cells/uL, median (IQR) 890 (657-1234)
CD8%, median (IQR) 48.0 (40.0-55.0)
Baseline seminal viral shedding
Detectable HIV RNA in semen 146 (74.9)
HIV in semen, copies/mL, median (IQR) 552 (117-4659)
Any herpesvirus® 122 (62.6)
HSV (h = 193) 7 (3.7)
CMV (n = 195) 92 (47.2)
EBV (n = 194) 56 (28.9)
HHV-6 (n = 192) 6(3.1)
HHV-7 (n = 192) 18(9.2)
HHV-8 (n = 195) 13 (6.7)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus;
HIV, human immunodeficiency virus; HSV, herpes simplex virus 1/2; IQR, interquartile
range.

“Herpesvirus 1-8 excluding varicella.

There was no significant difference by race/ethnicity or age
between participants who had follow-up visits and those who
did not (all P > .05). Using Kaplan-Meier methods in the full
cohort of HIV-infected men (treated and untreated), we deter-
mined the time to HHV shedding and the overall cumulative
shedding rates (ie, the percentage with any shedding) of HHV
in semen over an observed period of 365 days from baseline.
Based on this analysis, 94.3% of early HIV-infected individuals
presented detectable DNA for at least 1 HHV in at least 1 sam-
pled time point over a period of 365 days. This included 86%
with CMV DNA shedding, 71% with EBV DNA shedding, 23%
with HSV shedding (type 1 or 2), 30% with HHV-6 shedding,
36% with HHV-7 shedding, and 27% with HHV-8 shedding
(Figure 1).

To determine if factors such as age, ART status, HIV RNA
levels, and CD4" T-cell counts affected HHV shedding, we gen-
erated GEE models (Table 2). When considering all HHVs as a
group, there were no statistically significant factors associated
with presence of seminal shedding. However, subanalysis of
each HHYV revealed some distinctions. Older age was associated
with a decreased shedding rate for EBV and HHV-7 (with 27%
and 73% reduction, respectively, in shedding rates per decade
of age). Interestingly, longer time from estimated HIV infection
was significantly associated with a decrease in the shedding rate

of HSV (types 1 and 2) and an increase in the shedding rates
of HHV-6 and EBV (all P < .05). Notably, there was no sta-
tistically significant effect of ART use or HIV suppression on
any HHV shedding as a group. When looking at each HHV
individually, HHV-7 presented a significant 74% reduction (rel-
ative risk [RR], 0.26 [95% confidence interval {CI}, .09-.70]) in
genital shedding in the presence of ART, but this did not seem
to be related to viral suppression or CD4" recovery, as these
factors (ie, HIV RNA levels or CD4" T-cell count) were not
directly associated with presence or absence of HHV-7. HSV-
1/2, EBV, and HHV-8 also presented reduced shedding rates in
the presence of ART use, but these were not statistically signif-
icant. ART usage had no effect on CMV and HHV-6 shedding.
Overall, CMV and HHV-8 shedding were not modified by any
factors we measured. For those HHV with >1 significant mod-
ifying factor, we performed multivariate analysis and all factors
remained significantly associated with viral shedding in the
multivariable models.

In participants with at least 1 follow-up visit, we investi-
gated the shedding pattern for each HHV virus (“intermittent”
vs “persistent”). As an example, of the 16 men who ever shed
HSV-1/2 and with at least 2 time points, 8 men shed virus inter-
mittently (50%) while 8 men presented HSV-1/2 at all their time
points (ie, persistent shedding pattern). Similar shedding pat-
tern rates were observed for HHV-6 (54%), HHV-7 (43%), and
HHV-8 (50%). In comparison, persistent shedding was found
more frequently for CMV and EBV, which had intermittent
shedding proportions of 19% and 34%, respectively (Figure 2).

Associations Between HHV and HIV RNA Semen Shedding

Last, we used univariate and multivariable GEE modeling to
determine associations between seminal shedding of HIV RNA
and seminal shedding of the various types of HHV (Table 3).

< 1001
2
©
’é: — CcMV
i EBV
2 — HSV
e — HHV-6
£ — HHV-7
5 207 — HHV-8
E
(&) 0 T T T 1

0 100 200 300 400

Days of follow-up

Figure 1. Kaplan-Meier analysis of time to herpesvirus shedding (n=195), eval-
uated over the course of 365 days from baseline. This figure represents the cumu-
lative shedding rate for each human herpesvirus using a survival curve to indicate
the probability of viral shedding over 1 year. For example, although at any given
time point only about half of men are shedding cytomegalovirus (CMV) in semen,
over the period of a year almost all men will eventually shed CMV. Abbreviations:
CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HSV, her-
pes simplex virus 1/2.
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Table 2. Factors Associated With Human Herpesvirus Shedding® as Determined by Generalized Estimating Equation Modeling

Any HHV® HSV EBV CMV
Factors Associated With Shedding RR (95% CI) PValue RR (95% CI) PValue RR (95% CI) PValue RR (95% CI) PValue
Age (10-y increments) 0.91 (.81-1.02) .09 0.76 (.37-1.60) 48 0.73 (.59-.93) .01 0.93 (.78-1.10) .38
White non-Hispanic 0.97 (.81-1.17) .76 1.02 (.26-3.96) .98 1.03 (.69-1.54) .87 0.99 (.74-1.32) .94
Time since HIV infection, mo 1.00 (1.00-1.01) .18 0.87 (.77-.98) .02 1.01 (1.00-1.01) .03 1.00 (1.00-1.01) .39
ART use 0.95 (.79-1.15) .61 0.63 (.17-2.34) 49 0.84 (.56-1.27) A 1.04 (.82-1.31) 77
HIV RNA log,, copies 0.98 (.92-1.04) 5 1.24 (.88-1.75) 21 0.97 (.85-1.09) 6 0.99 (.90-1.08) .76
HIV RNA <50 copies 0.98 (.79-1.20) .81 0.33 (.07-1.54) .16 0.83 (.49-1.42) 5 1.02 (.73-1.41) .92
CD4* cells/uL (100-cell increase) 0.97 (.94-1.01) 12 0.97 (.85-1.10) .63 0.95 (.89-1.02) A7 0.98 (.93-1.03) .39
CD8* cells/uL (100-cell increase) 0.99 (.98-1.01) 44 0.99 (.92-1.08) .88 0.99 (.96-1.02) .55 1.00 (.99-1.02) .57
HHV-6 HHV-7 HHV-8
RR (95% Cl) PValue RR (95% Cl) PValue RR (95% Cl) PValue

Age (10-y increments) 1.04 (.62-1.78) .86 0.37 (.23-.60) <.01 0.91 (.561-1.61) 74

White non-Hispanic 1.41 (.42-4.74) .58 0.53 (.25-1.12) A 1.21 (.43-3.44) 72

Time since HIV infection, mo 1.02 (1.00-1.03) .04 0.99 (.96-1.02) .38 1.00 (.98-1.01) 49

ART use 1.00 (.41-2.44) 1 0.26 (.09-.70) <.01 0.71 (.29-1.76) 46

HIV RNA log,, copies 0.87 (.61-1.25) .46 0.96 (.76-1.21) 72 0.79 (.63-1.00) .05

HIV RNA <50 copies 1.29 (.32-5.18) 72 0.44 (.13-1.58) 21 1.76 (.73-4.24) 2

CD4* cells/pL (100-cell increase) 0.89 (.74-1.07) 22 0.96 (.86-1.07) .63 1.09 (.94-1.28) .26

CD8* cells/pL (100-cell increase) 0.89 (.77-1.03) N 0.96 (.90-1.02) 2 0.99 (.93-1.05) .67

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HIV, human immunodeficiency virus; HSV, herpes

simplex virus 1/2; RR, relative risk.
“Defined as detectable shedding during any time point.
®Herpes 1-8 excluding varicella.

In univariate analysis, higher HIV RNA levels, no ART use,
shorter time since infection, lower CD4" T-cell count, higher
CD8" T-cell count, and presence of CMV, EBV, HHV-6, and
HSV shedding were all significantly associated with presence of
seminal HIV RNA shedding (all P < .05). In multivariate anal-
ysis, only plasma HIV RNA levels and shedding of CMV, EBV,
and HSV remained independently associated with seminal HIV
RNA shedding. In particular, for every log, viral load increase
in the blood plasma, there was an increase in seminal plasma
shedding (adjusted RR, 1.22 [95% CI, 1.14-1.32]). Shedding
of HSV had an adjusted RR of 1.30 (95% CI, 1.09-1.54), com-
pared with 1.16 (95% CI, 1.01-1.33) for CMV and 1.17 (95% CI,
1.03-1.33) for EBV. Repeating the model only with visits where
HIV was not suppressed did not significantly change this find-
ing (viral load adjusted RR [ARR], 1.18 [95% CI, 1.09-1.28];
CMV ARR, 1.16 [95% CI, 1.02-1.31]; EBV ARR, 1.17 [95%
CI, 1.03-1.32]; and HSV 1/2 ARR, 1.18 [95% CI, 1.01-1.38]).
Unfortunately, the sample size was too small to perform a sep-
arate model for suppressed people, but it is interesting to note
that a third of time points with suppressed HIV RNA in plasma
during ART had simultaneous detectable HIV RNA in semen
during the first year of infection.

DISCUSSION

As part of this study, we used the longitudinal data of 195 HIV-
infected men with 453 longitudinal seminal samples followed
from primary infection to examine factors associated with viral
shedding over a period of 48 weeks of follow-up. As previously

reported, shedding of HHV was more common in HIV-
infected individuals compared with uninfected healthy con-
trols, despite early HIV infection and high CD4" T-cell counts
[39]. Specifically, we observed that CMV and EBV are highly
prevalent during the first 48 weeks of HIV infection, followed
by HHV-7, HHV-8, HSV, and HHV-6 [8, 40]. Interestingly, the
shedding rates of most HHVs did not seem to be affected by
ART status, HIV RNA levels, or CD4" T-cell counts. A notable
exception was HHV-7, which was significantly reduced by ART,
but this effect did not correlate with HIV RNA level of CD4"
count, suggesting a possible direct drug effect on the virus. For
HSV-1/2 and HHV-8, the small sample size may have impaired
our ability to detect a more modest effect of ART on shedding.
Younger age was a positive factor in shedding for EBV and
HHV-7, and early HIV infection was associated with higher
shedding rates in HSV-1/2 and HHV-6.

We also determined the shedding patterns of these HHVs
(“persistent shedding” vs “intermittent shedding”) on a subset
of participants with >2 longitudinal seminal samples. As shown
in Figure 2, HSV, HHV-6, HHV-7, and HHV-8 were some-
what evenly distributed between intermittent and persistent
shedding patterns. On the contrary, notably more participants
were identified as persistent shedders for both CMV (81%) and
EBV (66%). Various factors could result in such differences,
including differences in HHV pathogenesis, replication dynam-
ics, collection methods of genital secretion, and other tech-
nical issues [14, 25]. This observation might have important
clinical consequences as coinfections with HHV (and CMV
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Figure 2. Shedding patterns of human herpesviruses, evaluated for participants with at least 1 follow-up visit with at least 30 days between visits. Shedding was classified
as intermittent if shedding for a particular herpesvirus was undetectable during 1 or more time points. Otherwise, shedding was classified as persistent. Abbreviations: CMV,
cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HSV, herpes simplex virus 1/2.

in particular) have been associated with immunosenescence,
inflammation, and aging, particularly during HIV infection but
also with various non-AIDS-related complications [22, 23, 41].
Furthermore, HIV-infected individuals can present very high
levels of CMV-specific T cells (up to 50% of CD4" T cells and
even higher for CD8" T cells), which might be a consequence of
persistent exposure to CMV antigens, and are associated with
cardiovascular complications [16, 17, 23, 42].

We have also shown that shedding of HHV may be asso-
ciated with comorbidities such as acquisition of syphilis and
persistence of human papillomavirus infections [43, 44].
Understanding the pattern and frequency of subclinical viral
replication is important to inform future studies of anti-HHV
therapy (in particular CMV) and to determine which patient
population might particularly benefit from such interventions.

Several studies described associations between various
HHVs and genital HIV shedding, with potential implications
for HIV transmission. As expected, our study found an associ-
ation between HIV RNA in blood and seminal plasma [11, 35].
We further confirmed associations between HIV RNA shed-
ding and CMV, EBV, and HSV-1/2. Notably, HSV was less fre-
quent and mostly intermittent (compared with CMV and EBV)
but when it was present, its association with HIV shedding was
very strong. This is consistent with several studies showing that
HSV-2 increases the risk of both HIV acquisition and transmis-
sion [9]. Interestingly, one-third of early HIV-infected partici-
pants on ART and with suppressed HIV RNA in blood plasma
presented detectable HIV RNA in semen. This is higher than
what we found in a cohort of chronically HIV-infected people
on long-term ART [45] and consistent with the fact that HIV
RNA in semen might take longer to suppress than in blood.

This study has several limitations. Because this is an obser-
vational cohort study with varied numbers of visits and time
between visits, we relied on estimates of shedding rates over
time using Kaplan-Meier methods (ie, there was censoring
of many who did not reach 1 year of follow-up). Also, not all
assessments were completed at the same visit; for example, viral
loads and ART use were not always assessed at sampling time
points and certain data had to be excluded from the analyses.
Also, HHV serologies were not available for this cohort (except
for EBV and CMV) and shedding rates are therefore reported
at a population level rather than stratified by serological status.
It is also not clear if HHV replication in the male genital tract
is a surrogate for lower-level replication systemically or just a
consequence of localized genital viral shedding. As part of this
study, we did not measure levels of HHV DNA in blood or any
other compartment, but this should be pursued in future stud-
ies. Similarly, the clinical significance of genital viral shedding
is unclear. For example, the presence of HHV-8 shedding might
predict an increased risk for Kaposi sarcoma if participants
remained untreated for their HIV, but this is purely speculative
and a connection between subclinical HHV-8 genital shedding
and Kaposi sarcoma is currently unknown. Finally, we only
measured levels of HIV and 7 HHVss as part of this study, but
various other viruses are replicating in semen at high levels (eg,
Zika) and might interact directly or indirectly through alter-
ation in the microenvironment and should be investigated as
part of future clinical trials.

Finally, we only had a very limited number of participants
who started ART and continued to provide samples throughout
the study, which limited our power to perform a subanalysis of
the intraperson change in HHV before and after ART initiation.
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Table 3. Factors Associated With HIV Shedding as Determined by Generalized Estimating Equation Modeling®

Univariate Univariate Multivariate Multivariate
Visits With HIV Shedding I —_—
Factor (% of Visits) RR (95% Cl) PValue Adjusted RR (95% CI) PValue
Age (10-y increments) 0.97 (.90-1.05) .49
White non-Hispanic 154 (70.0) 1.08 (.91-1.28) .37
Other 84 (69.4) 0.97 (.90-1.05) 49
ART use 24 (53.3) 0.75 (.61-.94) .01
Time since infection, mo 218 (72.7) 0.99 (.98-1.00) .03
HIV RNA log,, copies 1.21 (1.13-1.31) <.01 1.22 (1.14-1.32) <.01
CD4* count, cells/uL 0.95 (.91-.98) <.01
CD8" count, cells/uL 1.01 (1.00-1.02) .05
Herpesvirus
HSV 1 or 2 1.34 (1.16-1.56) <.01 1.30 (1.09-1.54) <.01
Any 19 (95.0)
None 220 (69.4)
CMV 1.16 (1.01-1.34) .04 1.16 (1.01-1.33) .03
Any 130 (74.3)
None 112 (65.9)
EBV 1.21 (1.06-1.39) <.01 1.17 (1.03-1.33) .02
Any 91 (79.1)
None 151 (65.9)
HHV-6 1.26 (1.06-1.48) <.01
Any 13(72.2)
None 221 (69.5)
HHV-7 1.14 (.96-1.37) 14
Any 28 (80.0)
None 210 (69.1)
HHV-8 0.94 (.67-1.31) 72
Any 15 (71.4)
None 227 (70.1)

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus 1/2; HHV, human herpesvirus; HIV, human

immunodeficiency virus; RR, relative risk.

#Obtained using data from a subset of participants as described in the Methods (participants: n = 176; total visits: n = 330).

In summary, we collected seminal samples from a large
group of early HIV-infected people on and off ART, and we
characterized the longitudinal detection of HHV shedding. We
found differences of shedding patterns by HHV type and varia-
tion in factors that might affect shedding. Most HHV shedding
does not appear to be significantly modified by ART use, CD4"
count, or HIV RNA load, although HHV-7 does seem to be
largely curtailed by ART and there is some trend for both HSV-
1/2 and HHV-8 to also be reduced. Considering the abundance
of HHV in HIV-infected men, there remains a need for further
understanding of the pathogenesis of HHV in HIV and whether
treatment of HHV might be beneficial in managing HIV.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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