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Summary
We assessed the effect of herpes simplex virus type 2 (HSV-2) acquisition on the plasma HIV RNA
and CD4 cell levels among individuals with primary HIV infection using a retrospective cohort
analysis. We studied 119 adult, antiretroviral-naive, recently HIV-infected men with a negative
HSV-2–specific enzyme immunoassay (EIA) result at enrollment. HSV-2 acquisition was
determined by seroconversion on HSV-2 EIA, confirmed by Western blot analysis. Ten men acquired
HSV-2 infection a median of 1.3 years after HIV infection (HSV-2 incidence rate of 7.4 per 100
person-years of follow-up). The median time of follow-up after acquiring HSV-2 infection was 303
days. All men except 1 were asymptomatic during HSV-2 acquisition, and only 1 HSV-2
seroconverter, who was asymptomatic, had a transient increase in blood HIV load (0.5 log10 copies/
mL over 11 days). The HSV-2 incidence rate was high in our cohort of recently HIV-infected
individuals; however, HSV-2 acquisition did not significantly change the plasma HIV dynamics and
CD4 cell levels.
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Herpes simplex virus type 2 (HSV-2) shedding in the genital tract has been correlated with
increased plasma HIV RNA levels in people coinfected with HSV-2 and HIV.1,2 This elevation
of plasma HIV RNA levels may persist for up to 6 weeks, independent of symptoms.2 The
highest frequency of HSV-2 genital shedding, symptomatic and asymptomatic, occurs during
the first year after HSV-2 acquisition.3,4 Acute HSV-2 infection induces a strong local
inflammatory reaction that recruits macrophages and activated natural killer cells to the genital
tract.5 These cells release cytokines (eg, interferon-α, tumor necrosis factor-γ, RANTES) that
may inhibit HSV-2 replication but also recruit lymphocytes that are permissive for HIV
replication.5,6 This could explain the observations that higher titers of HIV in genital mucosa
of HSV-2–infected men were associated with an increase in plasma HIV RNA levels.7 Based
on these findings, we hypothesized that the more frequent episodes of HSV-2 genital shedding
during the first year after HSV-2 infection would produce a sustained increase in plasma HIV
RNA levels. We therefore conducted a longitudinal study to investigate the effect of HSV-2
acquisition on plasma HIV RNA and CD4 cell count levels.
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POPULATION AND METHODS
Subjects for this study were those who were enrolled into the University of California, San
Diego (UCSD) site of the Acute Infection and Early Disease Research Program (AIEDRP)
network between June 1996 and June 2005, as reported elsewhere.8 In a previous study, we
investigated changes in plasma HIV RNA dynamics and CD4 cell counts between the AIEDRP
participants who were HSV-2–seropositive or –seronegative at the time of enrollment. The
present study consisted only of AIEDRP participants who tested negative, using an HSV-2–
specific enzyme immunoassay (EIA), at enrollment. We then identified those who acquired
HSV-2 infection during follow-up and assessed whether HSV-2 acquisition subsequently
changed their pattern of HIV blood plasma dynamics and CD4 cell counts.

We defined recent acquisition of HSV-2 infection by HSV-2 EIA seroconversion confirmed
by an HSV-2 Western blot test (University of Washington, Seattle, WA) or HerpeSelect
Western blot IgG test (Focus Technologies, Cypress, CA). First, we tested the last available
serum samples from each eligible participant with a specific HSV-2 EIA. Individuals with a
positive HSV-2 EIA result and a negative or indeterminate HSV-2 Western blot result were
considered HSV-2 seroconverters only if at least 2 Western blot IgG test results in consecutive
time point samples were positive. Second, once individuals with new HSV-2 seroconversion
were identified, we proceeded with serial retrospective HSV-2 EIA and HSV-2 Western blot
IgG testing on stored blood samples until we identified a negative HSV-2 EIA and Western
blot IgG time point sample. The outcomes of the study were the calculation of (1) the rate of
HSV-2 seroconversion in the cohort and (2) the change of plasma HIV RNA levels after HSV-2
seroconversion.

The estimated date of HSV-2 infection was assumed to be the midpoint between the last positive
HSV-2 EIA/Western blot IgG result and the first negative HSV-2 EIA/Western blot IgG result
in the retrospective testing of collected samples. Participants who acquired HSV-2 infection
were included in the analysis until they initiated antiretroviral therapy or were lost to follow-
up. We generated plots of HIV viral dynamics in each HSV-2 seroconverter with intervals
around the time of the estimated date of HSV-2 acquisition. The first point of the interval
represents the date 2 weeks before the last negative HSV-2 EIA result so as to account for the
potential window of HSV-2 EIA seroconversion.9 The second point represents the date of the
first positive HSV-2 EIA result. Categoric variables were analyzed using the Fisher exact test.
Bivariate analyses were performed before and after HSV-2 seroconversion using Wilcoxon
signed-rank tests. Based on a paired t test, assuming that the SD in viral loads in the absence
of any HSV-2 effect is 0.5 log10 copies/mL, we estimated that with a minimum of 9 HSV-2
seroconverters, we would attain 75% power to detect a mean difference in plasma HIV RNA
levels of 0.5 log10 copies/mL, assuming a 2-sided α-value of 0.05; this increases to 88% power
for 0.6 log10 copies/mL and to 95% power for a 0.7-log10 copies/mL difference. Hence, even
using simple statistical tests, a 2-sided P value, and a subset of the data (only the viral loads
before and after HSV-2 infection), our study would be adequately powered to detect clinically
relevant differences in viral load of the same order of magnitude as natural variability in viral
load at “setpoint.” To control for the dynamic nature of plasma HIV RNA levels, we performed
longitudinal analysis of HIV RNA levels using a generalized additive model (GAM), which
used patient-specific intercept terms and nonparametric smooths (modeled using thin-plate
regression splines) to capture possibly nonlinear patterns of viral dynamics. The model
generates “effective degrees of freedom” (EDF) for each patient (estimated using generalized
cross-validation), which indicates how much the curve deviates from a straight line (EDF =
1), with high values of EDF indicating extremely “wiggly” lines. This model included a
covariate indicating the first time point at which the individual was HSV-2–seropositive,
allowing us to test whether HSV-2 serostatus was associated with a “jump” in viral load, using
the viral load data from each individual as his own control. We used the statistical software R,
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version 2.4.1 (R Foundation for Statistical Computing, Vienna, Austria);10 all reported P
values are 2-sided.

RESULTS
As of June 2005, 172 subjects in the UCSD AIEDRP cohort had a negative HSV-2 EIA result
at baseline. Twelve started antiretrovirals within 1 month of study enrollment, and 41 subjects
were excluded from the analysis because they did not have follow-up serum samples. Those
excluded were less likely to be Native American individuals and had a lower median CD4 cell
count at enrollment than those included in the final cohort, but there were no significant
differences in terms of plasma HIV RNA levels and stage (acute or early) of primary HIV at
enrollment between those who were included and those who were excluded (Table 1). Our
final study cohort consisted of 119 men (see Table 1). More than 90% reported sex with men
as their primary HIV risk factor. Ten subjects seroconverted for HSV-2 infection during the
period of follow-up. Five were seropositive for HSV-1 infection at the time of AIEDRP
enrollment. Only 1 individual acquired HSV-1 and HSV-2 infection during the follow-up
period. The median age at HSV-2 seroconversion was 36 years (range: 32 to 45 years). We
found no significant difference in the risk of HSV-2 acquisition attributable to race or ethnicity
(P = 0.46, Fisher exact test). Among the HSV-2 seroconverters, the median CD4 count and
plasma HIV RNA level at enrollment were 545 cells/mm3 (range: 314 to 1193 cells/mm3) and
4.30 log10 copies/mL (range: 2.89 to 6.86 log10 copies/mL), respectively. All men except 1
were asymptomatic for HSV-2 infection. The single possibly symptomatic participant reported
mild dysuria within 4 weeks of the estimated date of HSV-2 infection, although the clinical
assessment at that time did not attribute the symptoms to HSV-2 infection.

The time at risk of the 10 HSV-2 seroconverters was 136.28 person-years. The overall HSV-2
incidence rate was 7.3 cases per 100 years of follow-up (95% confidence interval [CI]: 3.5 to
12.6). The median time of the estimated date of HSV-2 acquisition occurred 471 days after the
estimated date of HIV-1 infection (range: 111 to 846 days). Five of 10 HSV-2 seroconverters
started antiretroviral therapy a median of 279 days (range: 80 to 777 days) after the estimated
date of HSV-2 infection. None of the 10 HSV-2 seroconverters received therapeutic or
prophylactic HSV-2 therapy. One subject acquired HSV-2 infection around the time when
antiretroviral therapy was initiated and was excluded from the analysis of HIV dynamics
because the effect of HSV-2 infection on plasma HIV RNA levels could not be ascertained in
the setting of antiretroviral therapy. The median period of follow-up was 779 days after the
estimated date of HIV infection. The median plasma HIV RNA level increased 0.17 log10
copies/mL (range of plasma HIV RNA level change: −1.58 to 0.49 log10 copies/mL) between
the sample time points before and after (range: 12 to 49 days) the estimated date of HSV-2
acquisition, which was not a statistically significant change (P = 0.57, Wilcoxon signed-rank
test). The median CD4 count after HSV-2 acquisition was 44 cells/mm3 lower (range of CD4
count difference: −182 to 220 cells/mm3) than before HSV-2 infection; this was also not a
statistically significant change (P = 0.36, Wilcoxon signed-rank test). As shown in Figure 1,
only 2 patients showed transient changes in their plasma HIV RNA levels around the estimated
interval of HSV-2 acquisition. One showed a decline in his plasma HIV RNA levels (1.6
log10 copies/mL over 14 days; see Figure 1, panel 8), and 1 had an increase in his plasma HIV
RNA levels (0.5 log10 copies/mL over 11 days; see Figure 1, panel 6) after HSV-2 acquisition.
The plasma HIV RNA level for this person (see Fig. 1, panel 6) was already increasing based
on the nearest plasma HIV RNA level obtained before the window for HSV-2 acquisition, and
he was asymptomatic during this time. To test for overall changes in the plasma HIV RNA
levels in any of the HSV-2 seroconverters, we fitted a generalized additive model to the HIV
RNA levels from each individual, allowing subject-specific curves and a jump in HIV RNA
levels at the first time point at which the subject was HSV-2–seropositive. This model generates
estimates of the EDF, which indicate how much the curves deviate from a straight line (EDF

Cachay et al. Page 3

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2009 January 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



= 1), with higher values of EDF corresponding to more “dynamic” patterns. Overall, the model
fitted well (adjusted R2 = 68%), capturing nonlinear dynamics in patients 1, 2, 5, 7, and 8. The
mean change in plasma HIV RNA level associated with HSV-2 serostatus was small (+0.08
log10 copies/mL), however, and not statistically significant from 0 (P = 0.64). Similar results
were obtained if we considered the time point just before HSV-2 seropositivity (ie, in case the
actual time of HSV-2 acquisition was earlier than estimated based on intervals of HSV-2 testing
[+0.14 log10 copies/mL; P = 0.37]). Hence, after controlling for the dynamic nature of plasma
HIV RNA levels during acute and early HIV infection, the change in plasma HIV RNA level
associated with HSV-2 seroconversion was even less dramatic than when we considered only
2 plasma HIV RNA measurements per patient before and after HSV-2 seroconversion.

DISCUSSION
To our knowledge, this study represents the largest cohort (N = 10) with the longest follow-
up of HIV-infected men who acquired HSV-2 infection. We found a 4-fold higher incidence
rate for HSV-2 than previously reported among newly HIV diagnosed subjects, and participants
in our cohort acquired HSV-2 infection in less time after their estimated date of HIV acquisition
than in an ethnically diverse cohort of HIV-infected persons (median: 1.3 vs. 4 years).11

The hypothesis that HSV-2 replication induces increased plasma HIV RNA levels12 was
investigated in individuals with recently acquired HSV-2 infection, because the most frequent
episodes of HSV-2 genital shedding are expected in this group.4 We conducted individual-
level analyses to ascertain the clinical significance of recently acquired HSV-2 infection per
participant and found that there was no sustained effect on plasma HIV RNA levels in any
individual after almost 1 year of follow-up from the estimated date of HSV-2 acquisition (see
Fig. 1). Although 10 seroincident HSV-2 cases is a relatively small number, our study had 75%
power to detect a 0.5-log10 difference in plasma HIV RNA levels.

The strengths of our study are the strict serologic methods used to identify individuals with
new HSV-2 infection and the use of a large and well-characterized primary infection cohort in
which multiple blood samples and HIV load measurements (N = 163) were available over a
long period. A major limitation of our study is that we did not measure HSV-2 genital shedding
or reactivation; therefore, increases of plasma HIV RNA levels associated with HSV-2 genital
shedding may have been missed because of an inability to evaluate associations of HIV levels
during concurrent HSV-2 reactivation, when increased HIV levels would be more likely to
occur. If this phenomenon was only transient after HSV-2 acquisition, the HSV-2 effect on
plasma HIV RNA levels likely would not be clinically significant, as has been proposed among
a female cohort.13 Additionally, individuals who enrolled in the AIEDRP cohort but who were
excluded from these analyses had lower CD4 cell counts than those included in the final cohort
(medians: CD4 = 420 vs. CD4 = 520 cells/mm3, respectively); it is unknown if this difference
may have a role in susceptibility to acquire HSV-2 infection.14 As with other geographically
limited studies, our results must be tempered by the fact that they are based on a local cohort
of men in San Diego and our results cannot be necessarily generalized to other groups.

In summary, HSV-2 acquisition in this cohort of North American men with recent HIV
infection did not influence their plasma HIV RNA levels after 1 year of HSV-2 acquisition.
We believe that clinical trials assessing the effect of HSV-2 suppressant therapy on plasma
HIV RNA levels need to last at least 9 to 12 months to establish its long-term efficacy at the
individual level, because the effect of HSV-2 on plasma HIV RNA levels in men seems to be
transient or intermittent.
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FIGURE 1.
Longitudinal plots describing HIV viral dynamics of 9 individuals who acquired HSV-2
infection. The intervals represent the calculated interval of time during which individuals could
have acquired HSV-2 infection. The first point of the CI represents the date 2 weeks before
the last negative HSV-2 EIA result so as to account for the potential seroconversion window
time of HSV-2 EIA. The second point represents the date of the first positive HSV-2 EIA result.
Note that the subject in panel 6 is the man who had a transient finding. The solid lines represent
the fit of a generalized additive model, in which a nonparametric smooth was fitted to each
individual, including a covariate indicating the first time point at which the individual was
HSV-2–seropositive. Dotted lines represent 95% CIs. EDF for each curve are indicated, with
higher values of EDF corresponding to more nonlinear curves.
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