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Abstract

Human herpesvirus-8 (HHV-8) replication in the oropharynx may play an important role in
HHV-8 transmission and contribute to the development of Kaposi sarcoma (KS) in some
individuals. Studies in the United States and Europe report high rates of HHV-8 DNA detection in
saliva of HHV-8 infected men, but little is known about the natural history of HHV-8 among
persons in sub-Saharan Africa, where prevalence of HHV-8 infection and KS is greatest. To
address this gap, this study evaluated oral HHV-8 replication in a cohort of 40 HHV-8
seropositive Kenyan women. Study clinicians collected daily oral swabs from participants for up
to 30 consecutive days, and swab samples were tested for HHV-8 DNA using quantitative, real-
time polymerase chain reaction. HHV-8 was detected at least once in 27 (68%) participants, and
the overall shedding rate was 23%. On days with HHV-8 detection, mean HHV-8 quantity was 4.5
log1g copies/ml. Among HIV-infected women, CD4 count =500 cells/mm? versus <500 cells/mm?3
was associated with higher HHV-8 copy number (4.8 logyg copies/ml vs. 3.4 logy copies/ml; coef
1.2 [95% ClI, 0.5-1.9]; P=0.001) and a higher HHV-8 shedding rate (49% vs.12%; RR, 4.2 [95%
Cl, 0.8-21.4]; P=0.08). No other factors were associated with HHV-8 shedding rate or copy
number. The study demonstrates high rates and quantity of HHV-8 in the oropharynx of HHV-8
seropositive African women. These findings support the observation that oral replication is an
essential feature of HHV-8 infection, with likely implications for HHV-8 transmission and KS
pathogenesis.
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INTRODUCTION

Human herpesvirus-8 (HHV-8) is the oncogenic virus that causes all forms of Kaposi
sarcoma (KS). HHV-8 seroprevalence varies considerably by geography; estimates of
HHV-8 infection rates range from 1% to 8% of adults in the United States and Europe
compared with 40-80% of adults in sub-Saharan Africa [Whitby et al., 1995; Gao et al.,
1996; Simpson et al., 1996; Kedes et al., 1997; Angeloni et al., 1998; Bestetti et al., 1998;
Calabro et al., 1998; Mayama et al., 1998; Gessain et al., 1999; Antman and Chang, 2000;
Wawer et al., 2001; Eltom et al., 2002; Lavreys et al., 2003]. While the factors leading from
HHV-8 infection to the development of KS are not fully understood, HHV-8 replication in
the oropharynx is believed to play an essential role in HHV-8 transmission and KS
pathophysiology [Corey et al., 2002]. HHV-8 is most consistently detected in the
oropharynx, with studies reporting HHV-8 DNA in 15-57% of salivary samples of
asymptomatic HHV-8 seropositive persons [Boldogh et al., 1996; Koelle et al., 1997;
Blackbourn et al., 1998; Lucht et al., 1998; Pauk et al., 2000; Casper et al., 2004; Gandhi et
al., 2004; Taylor et al., 2004; Miller et al., 2006; Johnston et al., 2009]. These high rates of
oropharyngeal replication suggest that salivary transmission may be an important route of
infection and that oral replication likely serves as an important reservoir of virus that
contributes to systemic dissemination and ultimately the development of KS.

Most HHV-8 shedding studies to date have been conducted among men in the United States
and Europe. Little is known about the natural history of HHV-8 in sub-Saharan Africa,
where the burden of HHV-8 and KS is greatest. A few studies in African populations
demonstrate high rates of HHV-8 detection in oral and plasma samples, but these reports are
limited by cross-sectional design and small sample size [Taylor et al., 2004; Johnston et al.,
2009]. In addition, few studies have focused on women, who have a different epidemiology
of KS and may have different clinical manifestations of KS compared to men [Benedetti et
al., 1991; Lassoued et al., 1991; Cooley et al., 1996; Nasti et al., 1999; Lampinen et al.,
2000; Phipps et al., 2010]. Because African women represent a unique and important
population for the study of HHV-8 transmission and KS pathophysiology, this study sought
to characterize the frequency and quantity of HHV-8 detection in the oropharynx of Kenyan
women, and to identify factors associated with frequent and high quantity HHV-8
replication.

PATIENTS AND METHODS

Participants and Procedures

HHV-8 seropositive, KS negative women participating in 2005 in the Mombasa Cohort, an
ongoing prospective cohort study of women at risk or infected with HIV-1 in Mombasa,
Kenya [Martin et al., 1998], were included in the study. Women were recruited into the
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cohort if they reported exchanging sex for money or gifts. As part of the cohort study
procedures, participants presenting to the municipal study clinic were administered a
standardized questionnaire concerning recent sexual practices, contraception methods,
alcohol and tobacco use, and current symptoms of illness. They also received a physical
examination, HIV antibody testing, and screening for genital tract infections, including
bacterial vaginosis and syphilis as described elsewhere [Wang et al., 2001; McClelland et
al., 2007]. The protocol was approved by the institutional review boards at Kenyatta
National Hospital and the University of Washington. All participants provided written
informed consent.

Study clinicians collected daily swabs of the oral mucosa by vigorously swabbing the buccal
mucosa, gums, tongue, and hard palate for up to 30 consecutive days. Each swab was placed
in a vial containing 1ml of digestion buffer [Ryncarz et al., 1999] and stored at room
temperature for up to 4 hr, then sent to the laboratory for storage at —80°C. Samples were
shipped to the University of Washington in liquid nitrogen dry shippers.

Laboratory Methods

Serum samples were tested for HHV-8 antibodies at the University of Washington using an
immunofluorescence assay (IFA) to detect antibodies to latent and lytic HHV-8 proteins
[Chandran et al., 1998]. Swab samples were evaluated for HHV-8 DNA by quantitative,
real-time PCR as described previously [Pauk et al., 2000; Casper et al., 2007]. Samples with
>150 copies/ml of HHV-8 DNA were considered positive [Magaret et al., 2007].

Statistical Analysis

Oral HHV-8 shedding rate and HHV-8 copy humber were examined as outcomes. The
HHV-8 shedding rate was defined as the number of days on which HHV-8 was detected by
PCR on oral swabs, divided by the total number of days with PCR results. Quantity of
shedding was measured by HHV-8 copy number as defined by the log1g copies of HHV-8
DNA per milliliter of digestion buffer in samples with HHV-8 detected.

Age, HIV status, age at sexual debut, years engaged in transactional sex, contraception
methods, pregnancies and live births, alcohol and tobacco use, and concurrent infections
were evaluated as potential covariates. CD4 counts were included in the analysis if obtained
within 6 months of the HHV-8 oral sample collection. Parameterization of CD4 count was
explored and best fit grouping was determined to be <500 and =500 cells/mm?3. Women
were classified as having bacterial vaginosis with Nugent score >7.

Risk factors for oral shedding were evaluated using Poisson regression. Univariate
predictors with two-sided P-values <0.1 were included in multivariate models and backward
elimination was applied to obtain a final model; two-sided P-valued <0.05 were considered
statistically significant. Generalized estimating equations (GEE) with Gaussian distribution
were used to evaluate risk factors for HHV-8 quantity. Correlation between HHV-8
shedding rate and quantity was measured with a Spearman-rank correlation coefficient. All
statistical calculations were performed using Stata 9.1 (StataCorp, College Station, TX).
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RESULTS

Forty HHV-8 seropositive women were enrolled in the study. The median age was 37 years
(range, 26-55 years) and most participants were Kenyan (95%; Table I). Nineteen (47%)
were HIV seronegative and 21 (53%) were HIV seropositive. Among women who were
HIV-infected, the median CD4 count was 526 cellss/mm3 (IQR, 380, 599 cells/mm3). Al
were naive to antiretroviral therapy (ART). The median duration of transactional sex was 9
years (range, 2—26 years) and median number of sex partners per week was 1 (range, 04
partners). Most women did not smoke cigarettes (36 of 40; 90%), but 31 (77%) reported
drinking alcohol. During the study observation period, 3 (8%) women had a maculopapular
rash and 11 (28%) women were diagnosed with bacterial vaginosis. No other intercurrent
STD’s were noted, including trichomoniasis, gonorrhea, syphilis, or genital ulcer disease.

Oral swabs were collected for a median of 29 days (range, 8-29 days). HHV-8 was detected
at least once in 27 (68%) participants (Fig. 1). A total of 1,122 oral swabs were included in
the analysis, and the overall percentage of oral swabs with HHV-8 DNA was 23%
(263/1,122). Among women in whom HHV-8 was detected, two had HHV-8 detected in
every swab, four in 50-99% of the swabs, nine in 25-49% of the swabs, and 12 in 1-24% of
the swabs she contributed. The mean oral HHV-8 detection rate was 27% (IQR, 0, 48)
among women with HIV infection compared to 18% (IQR, 0, 34) among women without
HIV infection (RR, 1.5 [95% CI, 0.7-3.4]; P=0.3). Among HIV-infected women, CD4 count
>500 cells/mm3 was associated with a higher oral shedding rate compared with women who
had CD4 counts less than 500 cells/mm3 (49% vs. 12%; RR, 4.2 [95% Cl, 0.8-21.4];
P=0.08) near statistical significance. No other factors, including age, years engaged in
transactional sex, contraception method, number of pregnancies and live births, smoking, or
alcohol use were found to impact the oral HHV-8 shedding rate (Table I1).

Of the 263 oral samples in which HHV-8 DNA was detected, the mean HHV-8 copy
number was 4.5 logg copies/ml (range, 2.3-7.3 logq copies/ml). The quantity of HHV-8
DNA detected was highly correlated with the rate of HHV-8 shedding (R=0.6, P=0.001; Fig.
2). Representative viral shedding patterns for participants with low and high mean HHV-8
copy number are shown in Figure 3. The mean HHV-8 copy number was 4.6 logg
copies/ml among women with HIV infection compared to 4.3 logyg copies/ml among
women without HIV infection (coef —0.1 [95% CI, —0.7-0.6]; P=0.9). The quantity was
higher among HIV-infected women with CD4 count =500 cells/mm3 compared to HIV-
infected women with CD4 counts less than 500 cells/mm3 (4.8 logqg copies/ml vs. 3.4 logqg
copies/ml; coef 1.2 [95% CI, 0.5-1.9]; P=0.001) in univariate analysis (Table I11). No other
variables were found to be significant predictors of HHV-8 copy number in univariate or
multivariate analysis.

DISCUSSION

High rates and quantities of oral HHV-8 shedding were observed in this cohort of Kenyan
women. The percentage of women with detectable HHV-8 in saliva was nearly double what
has been observed in prior studies in the US and Africa [Boldogh et al., 1996; Koelle et al.,
1997; Blackbourn et al., 1998; Lucht et al., 1998; Pauk et al., 2000; Casper et al., 2004;
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Gandhi et al., 2004; Taylor et al., 2004; Johnston et al., 2009]. These higher rates may in
part be due to the longer sampling duration, documented HHV-8 seropositivity as a criterion
for study inclusion, or the exclusive female sex of the cohort. The study also demonstrated
high quantities of HHV-8 in salivary samples, consistent with other reports of mean salivary
HHV-8 copy numbers which have ranged between 3.8 and 5.2 logyg copies/ml [Koelle et al.,
1997; Taylor et al., 2004; Johnston et al., 2009]. Importantly, the mean HHV-8 copy number
in this study of 4.5 logyg copies/ml is likely a sufficient quantity to transmit infection [Corey
et al., 2002]. Together, these findings support the hypothesis that oral replication is an
essential feature of HHV-8 infection and that saliva is an important mode of HHV-8
transmission.

The finding that higher CD4 counts are associated with more frequent and higher quantity
HHV-8 replication among HIV-infected women is consistent with previously reported
studies. Three US studies found higher HHV-8 detection rates in persons with higher CD4
T-cell counts, with one of these studies reporting a nearly fivefold higher HHV-8 rate among
HIV-infected men who have sex with men (MSM) with CD4 T-cell counts over 200
cells/mm?3 compared to those with counts under 200 cells/mm?3 [Casper et al., 2004; Gandhi
et al., 2004; Miller et al., 2006]. The mechanism explaining the association between HHV-8
detection and high CD4 counts is unclear, but data suggest that host inflammation may be an
important driver of HHV-8 replication. Interferon-gamma has been shown to induce lytic
HHV-8 replication in vitro [Chang et al., 2000; Mercader et al., 2000], suggesting that
HHV-8 production is stimulated by the interferon-gamma producing Th1 helper T-cell
responses that may be more effective at higher CD4 counts. Clinically, KS-immune
reconstitution inflammatory syndrome (IRIS) is characterized by clinical worsening and
enlargement of KS lesions and occurs when the CD4 T-cell count is increased and immune
response restored [Achenbach et al., 2012]. These observations suggest the preservation or
restoration of an inflammatory immune response may in fact potentiate HHV-8 replication
and consequently the development of KS and KS-IRIS in susceptible individuals.

These findings may have important implications for timing of ART among persons with
HIV and HHV-8 co-infection. Emerging evidence suggests that ART may reduce oral
HHV-8 shedding [Casper et al., 2004; Cattamanchi et al., 2011]. Consequently, if HHV-8
replication is greater at high CD4 counts, early ART initiation may be warranted to prevent
HHV-8 transmission and to decrease likelihood of KS development. However, a higher
HHV-8 pathogen load in the setting of high replication may increase likelihood of KS-IRIS
development. Further studies are needed to determine the effect of ART on HHV-8
replication and the ideal timing of ART initiation among persons co-infected with HIV and
HHV-8.

This study is notable for several factors that were not associated with HHV-8 replication.
Because KS was historically a disease of men prior to the HIV epidemic, gender-related
factors, including hormonal, environmental, and genetic factors, have been posited to protect
women against the cancer. In particular, human chorionic gonadotrophin (hCG) has been
hypothesized to be a protective factor in KS development based on its inhibition of KS cell
line growth [Lunardi-Iskandar et al., 1995]. Yet this study found no association between the
rate or quantity of oral HHV-8 replication and hormone-related factors, including
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pregnancy, live births, or hormonal contraception use. Additional natural history studies in
Africa comparing men and women directly are needed to explore other gender-related
factors that may influence KS development. There was also no association between HIV
infection and oral HHV-8 replication. A similar study of HHV-8-infected adults in Uganda
also did not find an increased likelihood of HHV-8 shedding with HIV infection or an
association with plasma HIV RNA level [Johnston et al., 2009]. However, an earlier study
of women in Kenya found that HIV infection was associated with a twofold increased
likelihood of detecting HHV-8 on any mucosal surface, including the oropharynx, but the
study did not assess rate or quantity of HHV-8 detection [Taylor et al., 2004]. Given the
potential complexity of HIV and HHV-8 interactions in the context these discrepant
findings, it remains unclear whether HIV serostatus is a predictor of oral HHV-8 replication.

Strengths of this study include evaluating HHV-8 in a well-characterized longitudinal cohort
of African women with detailed information on participants’ demographic, behavioral, and
clinical characteristics. The longer duration of samples permitted a more thorough
description of viral activity than most similar studies. Along with these strengths, there are
several limitations of the study. The study had a relatively small sample size, so it is possible
that it did not have power to observe some factors that are actually associated with HHV-8
replication. CD4 data within 6 months of the sampling period was not available for all of the
HIV-infected participants, limiting the power to examine the relationship between CD4
count and HHV-8 replication. The range of CD4 counts in the cohort was narrow,
potentially obscuring the association between immune function and viral replication; other
cohorts that include individuals with greater immunosuppression may give additional insight
into the relationship between CD4 count and HHV-8 activity. In addition, the study only
evaluated oral samples and did not include other potential sites of HHV-8 replication, such
as plasma or PBMCs, so it does not provide an assessment of systemic HHV-8 activity.
Finally, the study is limited to Kenyan women who report transactional sex and may
therefore be at higher risk for HIV and HHV-8 infection than the general population.
Consequently, the findings may not be generalizable to all women or to other populations
outside of Kenya. Despite these limitations, this study provides a comprehensive description
of oral HHV-8 replication in an important and understudied population and offers novel data
with potential clinical and policy significance.

In summary, the study demonstrates high rates and quantities of HHV-8 replication in the
oropharynx of African women, particularly among HIV-infected women with high CD4
counts. These findings have important implications for HHV-8 transmission and KS
pathogenesis and may warrant strategies such as early ART initiation to prevent
development of KS in HIV/HHV-8 co-infected women.
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HHV-8 Oral Shedding Rate, By HIV Status
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Fig. 1.
Distribution of percentage of days with HHV-8 oral shedding, sorted by participant from

lowest to highest rate. Participant 1 contributed eight swabs; all other participants
contributed 26-29 swabs. Black=HIV+; White=HIV-.
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Correlation of HHV-8 oral shedding rate and HHV-8 quantity in oral swabs on days with
HHV-8 detected. Each point represents the HHV-8 shedding rate and the average HHV-8
copy number for each participant with any oral HHV-8 detected (N=27).
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Fig. 3.
Day-level HHV-8 shedding and copy number patterns of three representative participants

with oral HHV-8 DNA detected.
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TABLE |

Demographic and Clinical Characteristics of Study Cohort

Total cohort  HIV negative  HIV positive

Characteristic (N =40) (N=19) (N=21)
Age, in years (median, range) 37 (26, 55) 39 (26, 55) 36 (31, 48)
CD4 T-cell count (within 6 months) (median, IQR) (N =11) 526 (380, 599) — 526 (380, 599)
ART Naive (N = 21) 21 (100%) — 21 (100%)
Nationality

Kenyan 38 (95%) 19 (100%) 19 (90%)

Tanzanian 1(2.5%) 0 (0%) 1 (5%)

Ugandan 1(2.5%) 0 (0%) 1 (5%)
Marital status

Never married 10 (25%) 3 (16%) 7 (33%)

Married 1 (2.5%) 1 (5%) 0 (0%)

Widowed/divorced 29 (72.5%) 15 (79%) 14 (67%)
Education, in years (median, range) 7(0,13) 7(0,13) 8(3,13)
Age at first sex (median, range) 16.5 (13, 25) 16 (14, 20) 17 (13, 25)
Years engaged in transactional sex (median, range) 9 (2, 26) 10 (3, 25) 8(2,26)
Frequency of sexual intercourse per week (median, range) 1(1,7) 2(1,7) 1(1,4)
Number of sex partners per week (median, range) 1(0,4) 1(1,4) 1(0,4)
Contraception method

None 23 (58%) 14 (74%) 9 (43%)

Condoms only 1(2.5%) 1 (5%) 0 (0%)

ocP 5 (12.5%) 2 (11%) 3 (14%)

Depo 9 (22%) 2 (11%) 7 (33%)

Tubal ligation 2 (5%) 0 (0%) 2 (10%)
Months on Depo (median, range) (N = 18) 43 (0, 115) 40 (0, 87) 51 (11, 115)
Pregnancies (median, range) 30,7 3(0, 6) 3(0,7)
Live births (median, range) 2(0,7) 2 (0, 6) 2(0,7)
Smoke cigarettes

No 36 (90%) 17 (89%) 19 (90%)

Yes 4 (10%) 2 (11%) 2 (10%)
Drink alcohol

No 9 (23%) 2 (11%) 7 (33%)

Yes 31 (77%) 17 (89%) 14 (67%)
Maculopapular rash 3 (8%) 0 (0%) 3 (14%)
Bacterial vaginosis (Nugent score =7) 11 (28%) 4 (21%) 7 (33%)
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Factors Associated With HHV-8 Oral Shedding Rate

TABLE Il

Univariate

Factor N (%) RR (95% CI) P-value
Age: Each 10 years increase 40 (100) 15(0.8,2.7) 0.24
HIV status: Positive versus negative 21 (53) 1.5(0.7,3.4) 0.32
CD4 count: 2500/<500 (among HIV+ pts only) 6 (29)2 4.2(0.8,21.4) 0.08
Years of transactional sex: >10 years versus <10 years 18 (45) 1.6(0.7,3.7) 0.25
Method of contraception

None 23 (58) Ref —

Hormonal 14 (35) 1.0(0.4,2.2) 0.90

Condoms only 1(3) 1.7 (0.3, 11.8) N/A

Tubal ligation 2(5) 0.1 (0.0002, 75.5) N/A
Pregnancies: 2+ versus <2 28 (70) 1.8 (0.6, 4.9) 0.27
Live births: 1+ versus none 33 (83)b 19(05,7.2) 0.36
Smoking: Yes versus no 4 (10) 0.03 (0.0, 14.8) 0.28
Drink alcohol: Yes versus no 31 (78) 1.2 (0.4, 3.6) 0.68
Maculopapular rash 3(8) 2.3(0.8,6.9) 0.12
Nugent score =7 11 (28) 1.4 (0.6, 3.2) 0.46

aCD4 count not available within 6 months for 10 (48%) HIV+ participants.

bNumber of live births missing for 1 (3%) participant.
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Factors Associated With Oral HHV-8 Copy Number”

TABLE Il

Univariate

Factor N (%) B (95% ClI) P-value
Age: Each 10 years increase 263 (100) -0.2(-0.7,0.4) 0.50
HIV status: Positive versus negative 162 (62) -0.1(-0.7, 0.6) 0.87
CD4 count: 2500/<500 (among HIV+ pts only) 82 (51)@ 1.2(0.5,1.9) 0.001
Years of transactional sex: >10 years versus <10 years 152 (58)  —0.01 (-0.64, 0.63) 0.99
Method of contraception

None 158 (60) Ref —

Hormonal 92 (35) -0.3(-1.0,0.3) 0.34

Condoms only 12 (5) 0.02 (-0.4,0.4) 0.93

Tubal ligation 1(0.4) -1.2 (-1.6,-0.8) N/A
Pregnancies: 2+ versus <2 210 (80) -0.7(-1.6,0.2) 0.13
Live births: 1+ versus none 239 (91) -0.3(-1.0,0.5) 0.52
Smoking: Yes versus no 1(0.4) 0.2 (-0.1,0.5) N/A
Drink alcohol: Yes versus no 217 (83) 0.3(-0.3,1.0) 0.36
Maculopapular rash 42 (16) 0.5(-0.9,1.9) 0.50
Nugent score =7 86 (33) 0.6 (-0.2,1.4) 0.12

*
Includes oral swabs with detectable HHV-8 DNA (N = 263).

a . _ .
CD4 count not available within 6 months for 63 (39%) swabs among HIV+ participants.
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