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Abstract

Objectives: HIV-infected persons with chronic herpesvirus infections may experience
paradoxical worsening after initiation of antiretroviral therapy (ART), but the impact of longer
term ART is unclear. We evaluated the relationships between genital herpes simplex virus (HSV)
shedding and ART initiation and time on therapy in HIV and HSV-2 infected persons.

Design: Prospective observational study.

Methods: Rates of HSV shedding in 45 HIV and HSV-2 infected persons on or off ART were
prospectively followed over up to three, non-contiguous, 60-day periods, during which participants
performed daily genital swabs for HSV detection by real-time HSV DNA PCR and reported
symptoms. Initiation or discontinuation of ART was at the discretion of participants’ healthcare
providers.
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Results: 6,425 daily genital swabs were obtained from 45 persons (38 men and 7 women) during
105 swabbing sessions. During the three sessions, 67%, 74%, and 92% of persons were on ART.
HSV was detected on 26.5% of days in men and 22.3% of days in women. The overall rates of
genital HSV shedding were 19.4% of days in persons not on ART, 30.2% in persons within 90
days of ART initiation, and 23.3% in persons on ART for longer than 90 days. After initiation of
ART, HSV shedding decreased by 2% per month, or 23% per year (RR 0.98 /month on ART,
p=0.0003 in adjusted analysis). This finding was consistent after including consideration of HIV
viral load and CD4 count.

Conclusions: HSV shedding increased significantly shortly after ART initiation but decreased
with time on prolonged ART.

Summary:

In a prospective study of genital HSV shedding in HIV and HSV-2 infected persons, the rate of
HSV-2 shedding was highest within 90 days of initiation of ART, then decreased by 2% for every
month on ART. Shedding rate was higher in untreated persons with higher plasma HI\VV RNA.

Keywords [MESH]

HIV; Immune reconstitution; Opportunistic infection; Antiretroviral therapy; Herpesvirus;
Sexually transmitted diseases

INTRODUCTION

Antiretroviral therapy (ART) leads to effective immune recovery with dramatic improvement
in overall life expectancy of patients with HIV/AIDS [1-3]. As plasma HIVV RNA drops at
initiation of ART [4], immune reconstitution inflammatory syndrome (IRIS) may arise in
response to subclinical or occult infections [5,6] causing substantial morbidity [7-9].
Herpesviruses, including HSV as well as CMV, VZV, and KSV, are well-recognized causes
of IRIS [10-13]. Clinical manifestations of IRIS associated with herpesviruses can include
flares of CMV retinitis or enterocolitis [14-16], varicella zoster [11], or unmasking or
paradoxical worsening of Kaposi’s sarcoma [17]. The new appearance or increased
frequency of herpetic genital ulcers are among the most common syndromes reported during
immune reconstitution [18-22]; most of these are caused by HSV-2.

While the mechanism underlying herpesvirus-related IRIS is unknown [23,24], it may
involve an increase in viral reactivation and shedding, implying a loss of control of viral
replication. To define these complex host-pathogen interactions more precisely in newly-
treated HIV-infected patients, we evaluated the virologic and clinical aspects of genital HSV
in the setting of ART initiation.

METHODS

Study Participants and Procedures

From 1998 to 2003 several research studies were conducted at the University of Washington
Virology Research Clinic in Seattle to define genital HSV reactivation in HIV-infected and
uninfected men and women. For this analysis, we selected all participants who met the
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following entry criteria: 1. HIV-1 seropositive on or off of ART, 2. HSV-2 seropositive, 3.
participated 1 or more times in a genital HSV shedding study between September 1998 and
June 2003. ART was prescribed by primary care providers and was defined to be at least 3
drugs in 2 of the following categories: protease inhibitor, nucleoside analogue, and
nonnucleoside analogue. Standardized demographic and medical history information was
obtained at the initial visit, and medical history was updated at each visit. The protocol was
approved by the Institutional Review Board of the University of Washington and written
informed consent was obtained from all participants.

To evaluate the frequency of HSV reactivation, participants used Dacron swabs to obtain
daily samples of genital secretions for at least 45 consecutive days. Up to three separate
sessions of intensive daily home collection were separated by intervals of approximately one
year [19,25,26]. Women collected a swab specimen from the cervicovaginal, vulvar, and
perianal areas. Men collected a swab specimen from the penile skin and perianal area. All
participants kept symptom diaries during periods of swab collection. Episodic treatment for
symptomatic herpes recurrences was provided but suppressive therapy was not permitted
during the study.

Laboratory Methods

HSV-1 and HSV-2 serostatus were assessed by University of Washington HSV Western blot
[27]. Detection of HSV in specimens from mucosal sites was performed by quantitative,
real-time, fluorescence-based PCR, as described previously [25,26]. HIV-1 infection was
confirmed by commercial EIA and Western blot. Plasma HIVV RNA was measured by use of
the Roche Amplicor assay (detection level, 400 HIV-1 RNA copies/mL) and for those
samples which were negative, the ultrasensitive assay (detection level, 50 HIV-1 RNA
copies/mL; Roche Diagnostic Systems). CD4* cell count (cells/mL) was assessed by flow
cytometry. The laboratories performing these assays were certified by the College of
American Pathologists and the National Institute of Allergy and Infectious Diseases
(NIAID) AIDS Clinical Trial Group (ACTG).

Statistical Analysis

Shedding rate for each person and swabbing session was calculated as the number of days
on which HSV was detected from a genital site in relation to the total number of days on
which a swab was obtained. Swabs were considered to be positive if they contained =3
copies HSV DNA/PCR reaction (20 pL), or 150 copies HSV DNA/mL [26]. Samples
obtained on days when anti-HSV therapy was used for symptomatic recurrences of HSV
were not excluded from these calculations, as HSV was often still detectable in these
samples [28]. Shedding episodes were defined as any contiguous period of shedding
beginning and ending with two consecutive negative swabs; those deemed to be of uncertain
duration were those that were ongoing at the start or end of an observation period. ART use
was categorized as 1) no ART, 2) ART initiated within fewer than 90 days, and 3) ART use
for more than 90 days at the start of the swabbing period. CD4* cell count and plasma HIV
RNA within 60 days of the start of each period of genital swab collection were included in
analyses.
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The potential predictors assessed for association with genital HSV shedding included age,
gender, race, HSV-1 coinfection status, time since HSV acquisition, whether HSV was
acquired symptomatically, plasma HIV RNA, use of ART, and CD4* cell count. Generalized
estimating equations (GEE) models with a Poisson link were used to assess rate ratios for
HSV shedding; this model accounts for the correlation between multiple sampling sessions
on the same participants and makes no model-based assumptions about variance. We
simultaneously included current ART with time on ART, setting time on ART to zero for
untreated persons. Plasma HIV RNA was logyq transformed and centered at the mean value
of 1000, or 3 logs. Plausible interactions were examined: between ART use and each of
plasma HIV RNA and CD4* cell count. A final model was selected using backward
elimination. Starting variables included those significant in univariate analysis at p<0.10 and
biologically plausible 2-way interactions.

Differences in shedding episode duration and in HSV DNA copies/mL detected on positive
days were examined by ART history using GEE with a linear link, including up to 5
episodes per session. All analyses were performed using SAS 9.4 (SAS institute) and
statistical significance was defined as a two-sided p value <0.05.

We studied 45 HIV and HSV-2 infected persons (38 men and 7 women); 15 with HSV-2
antibodies only and 30 with HSV-1 and HSV-2 antibodies (Table 1). The median age was 41
(range, 20 to 64 years); 35 were white, 4 were African-American and 6 were of other racial
background. At study entry, the median plasma HIV RNA was 994 copies/mL (range, <50 to
4,087,019 copies/mL), and median CD4"* cell count was 301 cells/mL (range, 1 to 1,064
cells/mL). Thirty persons (67%) were taking ART at the onset of the study. The median
plasma HIV RNA among these 30 treated persons was 201 copies/mL, and among the 15
untreated persons the median plasma HIV RNA was 21,312 copies/mL. All 45 persons
completed one sampling session, 34 (76%) completed two sessions, and 26 (58%)
completed three sessions. The median interval between the first two sessions was 321 days
(range, 66-857 days); and between the second and third sessions, 310 days (range, 230-553
days). Ten persons initiated ART during the course of the study, including six who initiated
ART within 90 days of an HSV swabbing session. Sixty-seven percent of individuals were
on ART during the first session, 74% during the second, and 92% during the third.

Rates of genital HSV shedding measured by PCR

HSV DNA was detected at least once in genital mucosa in 88.9% of persons in the first
session, 88.2% in the second, and 77.9% in the third session. In the first session, overall
genital shedding rate was 22.2%, (per person range, 0 to 84.7% of days); in the second,
13.9% (person range, 0 to 95.5% of days); and in the third session, 14.3% (per person range,
0to 77.7% of days).

The total number of genital samples collected was 6,425 (5,531 from men and 894 from
women). The total number of days with available diary information was 7,164 (6,114 from
men and 1,050 from women). HSV was detected in the genital tract on 1,235 days (22.3%)
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in men and on 237 days (26.5%) in women. Of 1,376 days with genital HSV detection and a
valid diary, only 19.5% were associated with symptomatic lesions.

Factors associated with HSV shedding

We examined the genital HSV shedding rates by severity of HIV disease. Among 18
participants with CD4* cell count <200 cells/mL, HSV was detected on 35.3% of days,
versus 17.2% of days among 39 participants with CD4* cell count >200 cells/mL. Seventeen
participants with plasma HIV RNA less than 50 copies/mL had HSV DNA detected on
20.0% of days, versus 39 participants with detectable plasma HIVV RNA had HSV DNA
detected on 23.8% of days.

To analyze the relationship between ART and HSV shedding, we compared HSV shedding
rates in untreated persons to persons starting ART within 90 days of the swabbing session
(recent ART), and persons on ART for more than 90 days (established ART) (Table 2). HSV
shedding occurred on 19.4% of days in untreated persons, 30.2% of days in persons with
recent ART, and 23.3% of days in persons on established ART. We also examined frequency
of days with genital lesions with longer term ART use. Genital lesions were reported on
11.0% of days for untreated persons, 11.3% of days in persons with recent ART and 5.5% of
days in persons with established ART.

The median HSV DNA copy number detected (irrespective of symptoms) was highest in
samples from persons on recent ART (5.84 log; copies/mL) compared to persons on
established ART (4.81 logg copies/mL) or those off ART (5.02 logyq copies/mL). In
regression analysis, the quantity of HSV DNA detected (log1g copies/mL) was 0.95 logs
higher for those within 3 months of initiating HAART versus those not on HAART
(p=0.018) but not significantly different for those on established HAART versus untreated
(difference 0.27 logs higher, p=0.52).

In univariate analyses, HSV shedding frequency was higher among those who had CD4* cell
count <200 cells/mL in the previous 6 months (RR=1.91, p<0.0001). HSV shedding
frequency was higher in persons with recent ART (RR=1.59, p=0.050), then lower by 2% on
a relative scale, for each subsequent month on treatment (RR=0.98, p<0.0001) (Table 3).
Similarly, in multivariate analysis, HSV shedding was 2.87 times higher (for those with
average plasma HIV RNA copies/mL, p<0.0001) immediately following ART initiation and
decreasing thereafter (RR=0.98, p=0.0003) (Figure 1). In untreated persons, logyg plasma
HIV RNA was directly associated with higher HSV shedding frequencies (RR=1.59 for each
1 logyg increase in RNA, p<0.0001) but no such relationship was observed for treated
persons (Figure 2).

Duration of HSV shedding episodes

A total of 308 viral shedding episodes occurred among 42 of 45 study participants, with
67% of them having certain duration (starting and ending with two negative daily swabs)
and the remaining lasting potentially longer than observed; the first 291 were retained to
allow no more than 5 episodes per session. Fifteen persons had 1 shedding episode, 18 had
2, 16 had 3, 13 had 4, and 28 had 5 or more. Fifty episodes occurring while persons were not
on ART lasted an average of 6.1 days. The duration of shedding episodes was associated
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with ART use: within 90 days of initiating ART, episodes lasted an average of 7.1 days
(n=23), versus 4.8 days (n=218) for those with longer use of ART (p=0.0053). Duration of
episodes during established ART did not differ from untreated (p=0.30). The peak HSV
copy number detected per episode was also highest in those with recent ART initiation: peak
HSV DNA was 0.82 logs higher for those with recent ART versus those on established ART
(p=0.002) but was not different between untreated versus those on established ART
(difference 0.58 logs, p=0.13).

Factors associated with genital lesions

In univariate analysis, lesion frequency was not found to change immediately after ARV
initiation (RR=0.79, 95% CI 0.39 to 1.60, p=0.51). However, consistent with patterns
observed with HSV shedding frequency, genital lesions were predicted to occur only half as
often after 50 months on ARVs (4.2%) versus at initiation (9.1%): the frequency was lower
by 2% on a relative scale for each month on treatment (RR=0.98, p=0.044). After adjustment
for plasma HIV viral load, lesion frequency was 2.53 times higher (95% CI 0.99 to 6.48;
p=0.053) immediately following ART initiation and was marginally associated with
subsequent monthly decrease (RR=0.98, p=0.064).

DISCUSSION

Our data show the following: 1) HSV genital shedding rates are highest, 2) quantities of
detected HSV DNA are highest, and 3) HSV shedding episodes are longer in persons within
the first 90 days of ART initiation relative to persons who have not initiated therapy and
persons on established therapy. This provides additional support to previous clinical
observations of herpetic genital ulcers as a manifestation of HIV-related immune
reconstitution inflammatory syndrome [19,22,29] and suggests that the mechanism of
reactivation is loss of immune control and increased epithelial viral replication. This is
consistent with most studies of HSV-2 shedding in the post-ART period [19,21], as well as
one study of vaginal CMV shedding and another of oral herpesvirus shedding [30,31]. Of
note, no lesions were reported on most (80.5%) of the days with shedding; this as well as a
transient increase in shedding rate and copy number indicates a potential increase in the risk
of HSV-2 transmission to sexual partners [32,33], especially soon after initiation of ART.

In our study, among persons on established ART the rates of HSV shedding and lesions
declined by about 2% a month. In previous investigations of the impact of long-term ART on
HSV shedding, many studies have not shown a decrease in HSV-2 shedding or disease with
ART [21,22,34], though in two there was a non-significant decrease in shedding or genital
ulcers [19,29]. Many of these studies were limited by a short duration of follow up after
ART initiation. Furthermore, as HSV shedding is highly variable between individuals,
protocols that include prolonged periods of daily swabs may be more informative [35-37].
Tan et al. [34] sought to answer whether ART decreased genital HSV shedding, employed
daily sampling, and focused on individuals who have received prolonged ART (median 2.8
years, all virologically suppressed), but found no difference in HSV shedding rates between
ART-treated and -untreated persons. However, study eligibility was limited to persons with
infrequent HSV symptoms (no symptoms in the last 4 months and no more than 2 outbreaks
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a year), so it is possible that the impact of ART on HSV shedding rate may be different in
this population.

The important strengths of this study are the longitudinal sampling of genital secretions over
a broad range of ART experience and plasma HIVV RNA, and the use of daily genital swabs
to minimize the inherent stochasticity of HSV shedding. We focused on HSV shedding as
the primary outcome because it is a sensitive indicator of HSV activity and an effective
surrogate marker of HSV disease severity [38,39]. The conclusion that HSV shedding is
increased following ARV initiation is further strengthened by the parallel finding of the
same phenomenon in lesion frequency.

The mechanism leading to loss of control of HSV reactivation during immune reconstitution
deserves further study. An “imbalance” of CD4* and CD8* T cells has been described in
VZV-related IRIS; a higher number of circulating CD8™ cells is associated with an increased
likelihood of VZV reactivation [10]. Why initiation of ART would lead to a loss of function
of these CD8" T cells is unclear, though a higher circulating CD8" cell count may be a
marker of other underlying pathology. Another possible mechanism by which immune
reconstitution leads to loss of control of viral replication could be via regulatory CD4* T
cells (Tregs). Recently, Phetsouphan et al. showed by single cell RNA sequencing that the
relative proportion of antigen-specific Tregs increased substantially during immune
reconstitution [40]. Importantly, Tregs are known to be present in the genital skin response
to HSV-2 reactivation, and a higher density in tissue has been correlated with increased
HSV-2 DNA detection [41]. An alteration in the balance of T-cell subsets in tissue could
lead to an increase in HSV-2 reactivation during immune reconstitution.

Should these findings change clinical management of HSV infections in HIV-infected
persons? Current guidelines (aidsinfo.nih.gov) recommend anti-HSV therapy as determined
by symptoms, with consideration of chronic suppressive therapy at ART initiation for those
with CD4+ cell count <250 cells/mL. While daily suppressive therapy with acyclovir did not
reduce the risk of HSV-2 transmission from HIV-infected persons [42], provision of
acyclovir at the time of ART initiation does reduce the risk of genital ulcer disease that
occurs following ART initiation in HSV-2 infected persons [22]. Our findings also support
the utility of long-term ART in reducing the frequency of HSV shedding and symptomatic
lesions in HIV-infected persons.
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Figure 1.
Genital HSV shedding rate and ART status by months on therapy. Those not on ART are

positioned arbitrarily to the left of zero (grey circles). From a univariate regression model,
the predicted shedding rate for those off ART was 24% (95% CI 15-39%), for those just
initiating ART was 38% (95% CI 28-53%), and for those on ART 50 months was 13% (95%
Cl 8-19%). The rate of HSV shedding among persons on established ART decreased, in a
relative sense, by 2% for each subsequent month on treatment (or 23% over each year of

use).

AIDS. Author manuscript; available in PMC 2019 November 13.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

FORD et al.

HSV shedding rate

Page 12

1.01 .
0.91 Untreated
0.8 ®* OnART o .
0.71 « '
0.61 ., ° .-
0.5 . .« ° .
0.4 . .
03] , ¢t &t
L ® [ J

0.21 H ', o . o . °
0.11 e °,° %o . : o °
0.0 0%8%e° L% 00 %o ot I

0 1 2 3 4 5 6

Log10 HIV RNA
Figure 2.

The association between HSV shedding rate and HIV viral load (logyq copies/mL) depends
on the presence of ART.
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Demographic and clinical characteristics of 45 HIV-1 & HSV-2-seropositive persons.

Table 1.

Session 1 Session 2 Session 3
N=45 (%) N=34 (%) | N=26 (%)

Age, median (range) 41 (20-64) | 41(29-64) | 42 (29-64)
White Race 35 (78) 25 (74) 20 (77)
Men 38 (84) 29 (85) 23 (88)

Men who have sex with men 37 (82) 28 (82) 22 (85)
Prior history of genital herpes? 38 (84) 30(88) 22 (85)
Serostatus

HSV-1 & HSV-2 30 (67) 26 (76) 21 (81)

HSV-2 only 15 (33) 8(23) 5 (19)
Days with swabs, median (range) 62 (34-176) | 62.5(36-69) | 63 (30-79)
Days with valid diary, median (range)b 63 (0-176) 66 (0-93) 66 (0-84)
Persons on ART 30 (67) 26 (76) 24 (92)
CD4* count (cells/mm3)c

<200 12 (27) 13 (38) 6 (23)

201 - 350 16 (36) 7(21) 8(31)

>350 17 (38) 14 (41) 12 (46)
HIV RNA (copies/mL)

undetectable? 11(24) 8(23) 7(27)

51-1,000 12 (27) 8(23) 5 (19)

1,001 - 10,000 7 (16) 9 (26) 8 (31)

>10,000 15 (33) 9 (26) 6 (23)

aas determined by self-report

one person in each session did not provide diary information

c, .. . . o
at time closest to onset of observation session (within 60 days)

d<50 copies/mL
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Table 2.

Page 14

Genital HSV total and subclinical shedding rates, median HSV DNA detected, and days with lesions by ART

use.
. Median HSV DNA - Days with reported lesions
ART status N (# sessions) Total (%) (log10 copies/mL) Subclinical (%) (%)
N:;"T” 25 298/1538 (19.4%) 5.02 208/1360 (15.3%) 193/1749 (11.0%)
ART initiated
<9(;”d' ;;j‘se 6 155/512 (30.2%) 5.84 115/454 (25.3%) 61/540 (11.3%)
ART >3 months 74 1019/4375 (23.3%) 4.81 880/4149 (21.2%) 256/4679 (5.5%)
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