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Abstract
Human herpesvirus-8 (HHV-8) replication is a key factor in Kaposi sarcoma, primary effusion
lymphoma, and Castleman’s disease pathogenesis. In vitro data suggest that antivirals inhibit
HHV-8 replication, but little data exist in humans. Daily oropharyngeal swabs were analyzed from
HIV/HHV-8 dually-infected men enrolled in three previous clinical trials of valacyclovir and
famciclovir for HIV-1 and/or HSV-2 suppression. Fifty-eight participants contributed 6036 swabs.
HHV-8 was detected in 1128 (19%) of 6036 swabs, including 618 (21%) of 2992 on placebo, 323
(15%) of 2221 on valacyclovir, and 187 (23%) of 823 on famciclovir. After adjusting for baseline
HIV viral load and highly active antiretroviral therapy (HAART) use, an 18% reduction in HHV-8
shedding frequency (IRR 0.822; p=0.011) was found in participants on valacyclovir and a 30%
reduction (IRR 0.700; p<0.001) on famciclovir. HAART was associated with an 89% (IRR 0.129;
p=0.048) reduction in HHV-8 -shedding. Neither antiviral nor antiretroviral therapy was
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associated with decreased HHV-8 quantity. Valacyclovir and famciclovir were associated with
modest but significant reductions in HHV-8 oropharyngeal shedding frequency. In contrast,
HAART was a potent inhibitor of HHV-8 replication. Studies of whether antiviral therapy in
combination with ART will prevent HHV-8-associated disease appear warranted.
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Introduction
Human herpes virus-8 (HHV-8) is the cause of Kaposi sarcoma (KS), primary effusion
lymphoma, and some forms of multicentric Castleman disease [Antman and Chang, 2000].
In the era of highly active antiretroviral therapy (HAART), KS remains the most common
AIDS-associated malignancy in the United States [Eltom et al., 2002] and the most common
overall malignancy in certain regions with high HHV-8 and HIV-1 seroprevalence
[Chokunonga et al., 1999; Sitas et al., 1997; Sitas et al., 2000; Wabinga et al., 2000]. KS
treatment with HAART and chemotherapy appears only modestly effective, with 51% of
patients having persistent KS 36 months after diagnosis [Nguyen et al., 2008]. Therefore,
there is a need for improved strategies for the prevention and treatment of HHV-8-associated
diseases.

Antiviral therapy has been shown to be effective in the prevention of other viral-associated
malignancies, including hepatitis-related hepatocellular carcinoma [Liaw et al., 2004;
Shiratori et al., 2005] and Epstein Barr Virus (EBV)-associated lymphoma [Funch et al.,
2005]. As in these cancers, replication of the causative viral agent, HHV-8, is thought to be
central to the development of HHV-8 related cancers. This hypothesis is supported by
findings that detection of HHV-8 in the peripheral blood is a strong predictor of KS
development [Broccolo et al., 2002; Campbell et al., 2000; Cannon et al., 2003; Engels et
al., 2003; Lorenzen et al., 2002; Whitby et al., 1995] and that a small amount of replicating
virus is necessary for tumor initiation and maintenance [Cesarman et al., 2000]. Results
from various in vitro and animal studies suggest that antiviral compounds inhibit HHV-8
replication, and, therefore, their use could offer a potential strategy for both prevention and
treatment of HHV-8 associated diseases [Casper, 2006]. In these studies, ganciclovir,
cidofovir, foscarnet, zidovudine and stavudine all yielded moderate reductions in HHV-8
replication; additionally, acyclovir treatment resulted in a slight reduction in detectable
virus.

In a randomized, controlled trial, valganciclovir decreased HHV-8 oropharyngeal shedding
by 46% [Casper et al., 2008]. However, whether other antiviral medications also inhibit
HHV-8 replication in humans, and could therefore be used as synergistic or alternative
treatments to valganciclovir, has not been studied. In this study, saliva samples were used
from HHV-8 infected men obtained in three randomized, double-blind, placebo-controlled,
cross-over clinical trials that studied valacyclovir and famciclovir in HIV-1 and HSV-2 co-
infected persons to assess the effect of antiviral therapy on oral mucosal shedding of
HHV-8.

Methods
Study participants and design

The baseline salivary samples of all participants enrolled in 3 previously conducted
crossover trials of acyclovir, valacyclovir, and famciclovir were screened retrospectively for
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HHV-8 DNA. All participants were HIV-positive MSM and were followed for 18 weeks
with daily genital and oral swabs (see Figure I for study schematics). Participants were
randomized to receive study drug or placebo during the initial 8 weeks followed by 1 or 2
weeks of washout and 8 weeks of the alternate study regimen. Results from the genital
swabs from all 3 studies and plasma HIV RNA in 2 studies have been previously published
[Gupta R, October 2007; Schacker et al., 1998; Zuckerman et al., 2007]. None of the
participants had clinical evidence of KS, lymphoma or Castleman syndrome during the
study. Briefly, study 1 enrolled 60 participants in Seattle, WA, and used valacyclovir 1000
mg once daily [Gupta R, October 2007]. Thirty participants were on stable HAART for at
least two months with a HIV viral load <1000 copies/ml and thirty participants were either
not on HAART and had a CD4 count greater than 200 cells/μl, or were taking HAART and
had a plasma HIV RNA >15000 copies/ml. Study 2 enrolled 20 participants in Lima, Peru,
using valacyclovir 500 mg twice daily [Zuckerman et al., 2007]. All men were HAART
naïve and had a CD4 count greater than 200 cells/μl. The third study was conducted prior to
availability of HAART, and enrolled 48 participants in Seattle, WA, and used famciclovir
500 mg twice daily [Schacker et al., 1998].

The analysis was restricted to participants with either serologic or virologic evidence of
HHV-8 infection, who completed both study arms, and collected at least 30 days of oral
swabs in each study arm. Virologic evidence of HHV-8 infection was defined as greater than
150 copies of HHV-8 DNA/ml detected by polymerase chain reaction (PCR) from
oropharyngeal swabs on 3 or more days. A total of 58 of the 128 patients enlisted in the 3
studies had evidence of HHV-8 infection.

The human experimentation guidelines of the US Department of Health and Human
Services and the individual institutions were followed in the conduct of the clinical research
in accordance with the Declaration of Helsinki. All participants provided signed informed
consent. The institutional review boards of the University of Washington and/or the
Asociación Civil Impacta Salud y Educación approved the protocols.

Laboratory assessments
HHV-8 was quantified using real-time PCR with primers to the orf73 gene by laboratory
staff who were blinded to the study arm, as described previously [Casper et al., 2004]. All
samples with greater than 150 copies of HHV-8 DNA/ml were characterized as positive.
Serologic testing for study 2 was conducted using an HHV-8 whole-virus enzyme
imunnoassay (EIA) with selective subsequent use of an HHV-8 immunofluorescence assay
(IFA), as described previously [Casper et al., 2002a]. For studies 1 and 3, based on the
availability of sera, one or a combination of the HHV-8 whole virus EIA, HHV-8 IFA, and/
or a novel HHV-8 latency associated nuclear antigen (LANA) assay [Oda-Ikoma et al.,
2007] was performed on stored serum collected at the time of study enrollment and
immediately preceding virologic sample collection. Participants were considered to be
seropositive if any of these three assays were positive.

Statistical Analysis
All data were managed and analyzed at the University of Washington. Participants that
completed only one study arm or who collected fewer than 30 days of oral swabs in one or
both study arms were excluded from the analysis, as infrequent sampling of mucosal sites
may reduce the precision of the estimate of true herpesvirus shedding frequency[Magaret et
al., 2009]. Samples from the first day a participant received either study drug or placebo and
from days of the washout period were also excluded from the analysis. Data from the three
parent studies were combined for analysis. Frequency of HHV-8 shedding in oropharyngeal
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swabs was defined as the number of swabs in which HHV-8 DNA was detected by PCR
divided by the total number of oropharyngeal swabs collected.

Poisson regression with person-level random effects was used to examine the univariate
association of HHV-8 shedding frequency and treatment (famciclovir, valacyclovir, or
placebo). HHV-8 quantity (DNA copies/mL) was log10 transformed prior to analysis. A
linear mixed effect model with person-level random intercepts was used to test the
univariate association of HHV-8 quantity and treatment on days in which HHV-8 DNA was
detected. The following covariates were also tested in univariate models to identify
correlates of HHV-8 replication and quantity: HAART use (defined as any combination of
≥3 antiretroviral agents that included at least 1 non-nucleoside reverse transcriptase inhibitor
or protease inhibitor; yes or no), CD4 count (cells/μl), age (years), race/nationality (white,
black, Peruvian, and other), and HIV-1 plasma viral load (log10 copies/mL). Covariates
associated with HHV-8 replication and quantity at the p < 0.2 level were included in
multivariate models and assessed for significant association and confounding of each
outcome. Two-sided p-values <0.05 were considered statistically significant. STATA,
version 9.0, was used to perform all statistical analyses.

Results
Participant characteristics

Fifty-eight of 128 participants enrolled in the 3 trials were eligible for inclusion in this
analysis (Figure II). Thirty-one of 60 persons were excluded from study 1 (13 because they
did not have evidence of HHV-8 infection, 10 because they only completed one study arm,
and 8 because they collected less than 30 days of oral swabs in one or both study arms), 7 of
20 persons were excluded from study 2 (6 because they did not have evidence of HHV-8
infection and 1 because they only completed one study arm), and 32 of 48 persons were
excluded from study 3 (15 because they did not have evidence of HHV-8 infection, 14
because they collected less than 30 days of oral swabs in one or both study arms, and 3
because they only completed one study arm).

Participants from study 1 tended to be older (median age of 44) than those from the other
two studies (median ages of 31 for study 2 and 36 for study 3; Table I).

Participants in studies 1 and 3 were primarily white, while those from study 2 were Peruvian
(reflecting study location). Ninety-two percent of participants in all three studies were men
who have sex with men (MSM). Participants in study 1 tended to have a greater time since
HIV diagnosis than those in study 3 (this information was not available for participants in
study 2). Antiretroviral use was markedly different across studies, with 59% of participants
from study 1 on HAART and the remaining participants not taking any antiretroviral
treatment. Median CD4 count was similar across studies, whereas median HIV viral load
was lower in study 1, reflecting inclusion criteria of that study.

Fifty-eight participants contributed 6036 oropharyngeal swabs for analysis (Table IIa).
Thirty-four (59%) of 58 men had HHV-8 detected in at least three oral swabs. Of the 58
participants, 11 (19%) were PCR positive only, 24 (41%) were only positive by serology,
and 23 (40%) were positive by both measures. The median person-level oral HHV-8
shedding rates during placebo sessions were 0% (IQR: 0 – 34%) for study 1, 2% (IQR: 0 –
4%) for study 2, and 8% (IQR: 1 – 69%) for study 3. The overall frequency of HHV-8
detection during placebo administration was 19% of days (269/1449) for study 1, 12%
(85/716) for study 2, and 32% (264/827) for study 3.
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Effect of valacyclovir and famciclovir on the detection of HHV-8 in the oropharynx
HHV-8 was detected in 34 (59%) of 58 participants receiving placebo, 26 (62%) of 42
receiving valacyclovir, and 5 (31%) of 16 receiving famciclovir. Overall, HHV-8 was
detected in 1128 (19%) of 6036 oropharyngeal swabs, including 618 (21%) of 2992 swabs
from participants receiving placebo, 323 (15%) of 2221 swabs from those on valacyclovir
treatment and 187 (23%) of 823 swabs from those on famciclovir (Table II).

There was a wide distribution of shedding frequencies among participants from all three
groups (Figure III); however, median shedding frequency was slightly lower among
participants on famciclovir compared to those on valacyclovir and placebo (Table IIa, Figure
III).

Valacyclovir decreased HHV-8 shedding frequency by 18% (95% confidence interval [CI],
4%–29%; P = 0.01) and famciclovir by 30% (95% CI, 16%–42%; P < 0.001; Table III),
respectively, compared to placebo. These estimates did not substantially change in the
multivariate model (Table III).

The reduction in HHV-8 shedding frequency was not associated with a reduction in viral
copy number on days with detectable shedding. On days that HHV-8 was detected, the
median log10 copies of HHV-8 DNA/ml detected in oral swabs was somewhat greater
among participants on valacyclovir (5.26) compared to placebo (4.44) and famciclovir (4.68,
Table II). Valacyclovir and famciclovir increased HHV-8 log10 copies/ml by 0.132 (95% CI
0.016 lower to 0.280 higher; P = 0.081) and 0.218 (95% CI 0.049–0.387; P = 0.012),
respectively, compared to placebo. No other covariates were associated with HHV-8
quantity.

Effect of antiretroviral therapy on the detection of HHV-8 in the oropharynx
Seventeen participants on HAART contributed 1761 oropharyngeal swabs for analysis. Four
participants on non-HAART ART and 35 participants not taking any ART contributed 4074
oropharyngeal swabs for analysis. HAART regimens included 5 participants taking a non-
nucleoside reverse transcriptase inhibitor (NNRTI)-based regimen, 11 participants taking a
protease inhibitor (PI)-based regimen, and 1 participant who was on a NNRTI-based
regimen during the placebo arm and a PI-based regimen during the drug arm. Among
participants taking a PI-based regimen, 10 were on dual PIs and 1 was on three PIs. All
participants taking a NNRTI-based regimen were on only one NNRTI.

HHV-8 was detected in 93 (5%) of 1761 oropharyngeal swabs on HAART compared to
1034 (25%) of 4074 oropharyngeal swabs not on HAART (Table IIb, above).

HHV-8 oral shedding rates were 89% (95% CI 58%–97%; P = 0.001) lower among
participants on HAART compared to those not taking HAART (Figure IV, Table III). This
estimate did not change substantially in the multivariate model; however, the strength of the
association was attenuated (Table III). Of note, HIV viral load was the only other covariate
associated with HHV-8 shedding in a univariate model, but this association was not
statistically significant after adjusting for HAART use and study drug (Table III). The
combination of ART and antiviral therapy showed no synergistic benefit in reducing HHV-8
shedding though numbers of observations in each stratum were small.HHV-8 copy number
on days with detectable shedding was significantly different by HAART use (Table IIb; data
not shown).
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Discussion
In this analysis of HHV-8 oropharyngeal shedding patterns, a modest decrease in HHV-8
oropharyngeal detection frequency was found with the use of valacyclovir or famciclovir.
These findings are consistent with in vitro studies reporting a weak effect of acyclovir in
preventing HHV-8 reactivation [Friedrichs et al., 2004; Kedes and Ganem, 1997;
Medveczky et al., 1997; Neyts and De Clercq, 1997]. A striking finding of this analysis is
that HAART was associated with an 89% decrease in HHV-8 shedding frequency. On days
that HHV-8 was detected, anti-viral agents were associated with a reduction in frequency of
detection but not in the titer of HHV-8. In fact, a slight increase in HHV-8 DNA was
observed on both famciclovir and valacyclovir during breakthrough. The significance of
these findings is not clear but may indicate that low-copy shedding is controlled more
readily than higher copy shedding. Of note, valganciclovir has been shown in a previous
study to reduce both HHV-8 detection frequency by 46% (P = 0.02) and quantity by 0.44
logs (P = 0.007) [Casper et al., 2008]. It may be the case that for anti-herpes agents, a more
potent effect on HHV-8 replication is needed to decrease shedding quantity once
reactivation has occurred.

Clinical data suggesting a direct effect of HAART on HHV-8 replication has been reported
in one other study [Casper et al., 2004]. This study has the advantage of data obtained
through intensive mucosal sampling and suggests that HAART may potently prevent
HHV-8 reactivation. The mechanisms by which HAART may exert an anti-HHV-8 effect
remain unclear. The sample size or heterogeneity in HAART regimens was insufficient to
evaluate whether specific components of HAART are associated with an inhibition of
HHV-8 replication, as has recently been described[Gantt et al., 2011], but the mechanisms
by which HAART may indirectly inhibit HHV-8 infection through immune reconstitution,
suppression of HIV replication, etc. have been reviewed elsewhere[Casper and Wald, 2007].
Further studies using prospective cohorts to assess the effect of specific HAART
components and other antiretroviral drugs on HHV-8 are needed.

This study had several limitations. First, the parent studies were initially designed to
evaluate different hypotheses, and HHV-8 infection was not a criterion for study entry. Thus
it is possible that the selection of only HHV-8-infected persons for the analysis may have
resulted in a population which differed from the general HHV-8-infected population in
factors apart from their randomization to active drug or placebo first and may also influence
the observed efficacy of antiviral medications in inhibiting replication. Second, different
assays were used to detect HHV-8 between the studies in part because of improved
methodology over time and the limited availability of sera to analyze retrospectively. This is
potentially an important source of selection bias. Third, three disparate studies were pooled
to ascertain the effect of antiviral medications on HHV-8 replication. This approach, while
increasing the power to observe an effect of HHV-8 replication, may have introduced
additional bias. Fourth, it is not known whether once versus twice daily administration of
valacyclovir could have differential effects on HHV-8 which would have been missed by
combining these two groups. Fifth, the population for all study groups was inclusive only of
MSM, and the effects of anti-viral treatment might be expected to differ in other
populations, such as those with endemic HHV-8 infections. Finally, the relevance of a
reduced frequency of HHV-8 detection at the oropharynx to public health or clinical
medicine remains unknown. Only circumstantial evidence supports a relationship between
HHV-8 salivary shedding and disease transmission or acquisition[Casper et al., 2006;
Casper et al., 2002b; Pauk et al., 2000]. However, among a cohort of HHV-8-infected
Ugandan adults, HHV-8 oropharyngeal replication is highly correlated with detection in the
peripheral blood, which in turn has been associated with the risk of incident[Engels et al.,
2003] or relapsed[Bihl et al., 2009] KS.
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Multiple lines of evidence suggest that HAART alone may be insufficient in management of
HHV-8 related disease. These include persistence of KS despite HAART use [Nguyen et al.,
2008], development of KS in persons stable on HAART [Maurer et al., 2007], and poor
response to HAART in cases of primary effusion lymphomas and multicentric Castleman’s
disease [Casper, 2006]. The response to HAART in areas with a high burden of KS also
remains uncertain. Antiviral therapy targeting HHV-8 might play an important role in KS
prevention among HIV and HHV-8 co-infected individuals. Additionally, although antiviral
therapy alone was ineffective in treating classic KS[Little et al., 2003], the use of antiviral
therapy may be indicated as an adjunct to chemotherapy in the treatment of refractory KS, or
in treatment of primary effusion lymphoma and multicentic Castleman disease, which
currently have no effective treatment [Casper, 2006]. Identifying the most potent
combinations of HAART and anti-herpes agents against HHV-8 will have important
treatment implications. These results indicate that further studies to evaluate the effect of
anti-HSV drugs, alone or in combination with HAART, on progression of KS and other
HHV-8-related diseases are warranted.
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Figure I.
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Figure II.
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Figure III.
Change in HHV-8 Oropharyngeal Detection Rates between Placebo and Antiviral Drug
Arms, by Participant
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Figure IV.
Change in HHV-8 Oropharyngeal Detection Rates by Highly Active Antiretroviral Therapy
Use
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Table I

Study participant demographic and clinical characteristics including those completing only one study arm.

Valacyclovir Famciclovir

Study 1 (n=29) Study 2 (n=13) Study 3 (n=16)

Age (years), median (range) 44 (28 – 53) 31 (22 – 43) 36 (29 – 48)

Race/Nationality, n (%)

 White 20 (69) 3 (23) 14 (88)

 Peruvian 0 10 (77) 0

 Black 7 (24) 0 1 (6)

 Other 2 (7) 0 1 (6)

Sexual preference, n (%)

 Homosexual 26 (90) 13 (100) 14 (88)

 Bisexual 3 (10) 0 2 (13)

Days on treatment median (range)

 Placebo 55 (49 – 64) 56 (56–56) 55 (53 – 60)

 Drug 56 (51 – 64) 56 (53 – 56) 55 (46 – 63)

Years since diagnosis median (range) 10.2 (0.2 – 20.1) N/A 5.2 (0.2 – 11.1)

Age at diagnosis (years) median (range) 33 (18 – 47) N/A 30 (21 – 43)

Antiretroviral use, n (%)

 None 12 (41) 13 (100) 10 (63)

 Non-HAART 0 0 4 (25)

 HAART 17 (59) 0 0

 Missing 0 0 2 (13)

CD4 count (cells/μl) median (range) 351 (85 – 1062) 380 (232 – 584) 420 (90 – 921)

HIV viral load (log10 copies/ml), median (range) 1.2 (1.2 – 5.2) 4.3 (3.4 – 5.1) 3.8 (2.4 – 5.2)
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Table II

HHV-8 shedding rates and quantities detected in oropharyngeal swabs collected among participants
completing both study arms, for A. by study arms, and B. by HAART use.

A)

Total (n=58) Placebo (n=58) Valacyclovir (n=42) Famciclovir (n=16)

Overall frequency of HHV-8 detection, oropharyngeal
swabs with HHV-8 detected/all swabs (%)

1128/6036 (19) 618/2992 (21) 323/2221 (15) 187/823 (23)

Person-level frequency (%)of HHV-8 detection,
median (IQR)

2 (0–23) 2 (0 – 34) 2 (0 – 10) 0 (0 – 51)

HHV-8 DNA quantity* (log10 copies/mL), median
(IQR)

4.68 (3.67–5.72) 4.44 (3.61–5.31) 5.26 (3.80–6.3) 4.68 (3.80–5.56)

B)

HAART (n= 17) No HAART (n= 41)

Overall frequency of HHV-8 detection, oroparyngeal swabs with HHV-8 detected/all swabs (%) 93/1761 (5) 1034/4074 (25)

Person-level frequency (%) of HHV-8 detection, median (IQR) 0 (0, 2) 4 (0, 38)

HHV-8 DNA quantity* (log10 copies/mL), median (IQR) 4.62 (3.42–5.53) 4.69 (3.67–5.73)

*
On days with detectable HHV-8
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