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Abstract
Human herpesvirus 8 (HHV-8) infection is present in 22.9% of Tobago men. However,
seroprevalence and modes of transmission of HHV-8 among Tobago women are not known. HHV-8
seropositivity rates in Tobago women were examined and compared rates to Tobago men of similar
ages. To assess possible modes of transmission, sexual behavior among Tobago women was
examined to determine its association with HHV-8 seropositivity.

A cross-sectional study was conducted in 213 Tobago women, ages 18-65 years, who participated
in the Tobago Cervical and Oral Cancer Screening Study. HHV-8 seropositivity was determined by
a monoclonal immunofluorescence assay. Age-specific rates were compared to those previously
observed in men. Logistic regression analyses were performed to determine the association between
HHV-8 seropositivity and sexual behavior among the women.

HHV-8 seroprevalence among Tobago women was 14.1% (95% C.I., 10 - 19%), with no significant
differences with men of similar age (p-value = .741). Age ≤ 17 years at first sexual intercourse was
found to have a minimal significant association with HHV-8 seropositivity (O.R. = 2.51, 95% C.I.
= 1.09-5.78) in women.

HHV-8 age-specific rates were similar between genders. Sexual activity may not be a major
contributor to HHV-8 infection among Tobago women.
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Introduction
Human herpesvirus 8 (HHV-8), a member of the Family Herpesviridae and subfamily
Gammaherpesvirinae, is the causal agent of Kaposi's sarcoma (KS) and primary effusion
lymphoma and has been associated with multicentric Castleman's disease[Cesarman et al.,
1995; Chang et al., 1994; Dupin et al., 1999; Soulier et al., 1995]. HHV-8 seroprevalence varies
geographically and is considered endemic in Mediterranean countries where seropositivity
rates are as high as 31% in Southern Italy[Serraino et al., 2006], and in Sub-Saharan Africa,
where seropositivity reaches 87% in Botswana Africa[Engels et al., 2000]. KS is relatively
common in these areas: incidence is as high as 8.8 and 30 per 100,000 population per year in
Italy and Sub-Saharan Africa, respectively[Engels et al., 2000; Ferlay et al., 2004; Serraino et
al., 2006; Vitale et al., 2001]. In the United States and parts of Northern Europe where KS is
not prevalent, low to moderate HHV-8 seropositivity rates (3% to 23%) have been reported
[Ablashi et al., 1999; Hoffman et al., 2004; Hudnall et al., 2003; Moore and Chang, 2001;
Pellett et al., 2003].

HHV-8 infection is known to be a sexually transmitted disease (STD); however, the presence
of HHV-8 infection among pre-pubertal children suggests that HHV-8 can also be transmitted
non-sexually. Studies have suggested non-sexual transmission (i.e., saliva exchange) as the
primary mode of HHV-8 transmission in hyper-endemic KS areas like Sub-Saharan Africa
[Moore and Chang, 2001; Pica and Volpi, 2007; Schulz et al., 2002]. However, in non-KS
endemic areas like the U.S. and Northern Europe, sexual transmission is believed to be the
predominant mode of HHV-8 transmission among high-risk populations such as men having
sex with men[Engels et al., 2007; Martro et al., 2007; Pica and Volpi, 2007; Smith et al.,
1999] .

In the Caribbean islands, six studies[Ablashi et al., 1999; Engels et al., 1999; Fernandez et al.,
2002; Hoffman et al., 2004; Lennette et al., 1996; Manns et al., 1998] have examined HHV-8
infection; however, only two studies[Engels et al., 1999; Fernandez et al., 2002] examined
possible modes of HHV-8 transmission. To have a better understanding of HHV-8 infection
in the Caribbean island of Tobago, we used rates from a previously conducted cross-sectional
study among 215 healthy Tobago women, 18-65 years of age. In this population, we examined
HHV-8 seropositivity rates, and investigated possible modes of transmission by analyzing
available information on sexual behavior.

Methods
Study population

The Tobago Cervical and Oral Cancer Screening Study is a cross-sectional study conducted
among healthy women to examine the prevalence of oral and cervical human papillomavirus
(HPV) infections in Tobago[Ragin et al., 2007]. Between July and August 2004, study
participants were recruited by posters, flyers, television, radio public announcements,
presentations in churches, seminars with health care workers at the Tobago hospital, and word
of mouth. Women who had a terminal illness, did not sign an informed consent, or were not
the ages 18-65 years were excluded from participation in the study. Two-hundred sixteen
women were approached, and 215 of them agreed to participate in the screening. Blood,
cervical, and oral epithelial cells were collected at the study visit. Of the 215 women, blood
samples were available for all except 2 study participants; as a result, 213 women were included
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in the present study. Demographic and health information, family medical history, and sexual
lifestyle behaviors were collected through the Tobago Cervical and Head and Neck Cancer
Health Assessment which included the standardized questionnaire by the University of
Pittsburgh Head and Neck Cancer Program as well as elements from the Centers for Disease
Control and Prevention's Sexual Lifestyle Questionnaire[Ragin et al., 2007]. The sexual
lifestyle part of the assessment was self-administered in a private room, and then enclosed in
a sealed envelope by the participant. At the end of the study, all of the participants’ assessments
were mailed to the University of Pittsburgh for data entry and data analysis.

HHV-8 seropositivity rates of Tobago men, ages 40-65 years, were used as a comparison. These
men represented the control group in a case-control study on the association between HHV-8
seropositivity and prostate cancer conducted in Tobago between 1997 and 2000[Hoffman et
al., 2004]. Control male participants were drawn from a population-based prostate cancer
screening study[Bunker et al., 2002], and had normal digital rectal examination (DRE) and
serum prostate-specific antigen (PSA) values < 4.0 ng/mL[Bunker et al., 2002]. An additional
97 men, ages 40-65 years, from the Tobago prostate cancer screening study (n = 3201) were
added to the existing controls (n = 62), giving a total of 159 men between the ages 40-65 years;
their seropositivity rates were compared to those observed in a subset of the Tobago women
(n = 122) belonging to the same age range (40-65 years)[Hoffman et al., 2004].

Demographic information for men was collected from the Tobago Prostate Cancer Screening
Survey questionnaire. Sexual lifestyle behaviors were not collected during this survey. All
blood samples were tested for antibodies against HHV-8 lytic antigens at the University of
Pittsburgh.

All study participants signed an informed consent that was approved by the University of
Pittsburgh Biomedical Institutional Review Board (IRB) and the IRB of the Division of Health
and Social Services, Tobago House of Assembly.

Laboratory methods
A modified HHV-8 monoclonal antibody-enhanced immunofluorescence assay (mIFA) that
assessed lytic antigens using the BCBL-1 cell line, as described elsewhere[Jenkins et al.,
2002], was used to test blood specimens (plasma from Tobago women & serum from Tobago
men) for HHV-8 seropositivity at the University of Pittsburgh. A HHV-8 seropositive result
was reported for specimens that gave fluorescence at the dilution cut-off value of 1:100. For
each mIFA run, known HHV-8 positive and negative sera were included. All blood specimens
were tested in duplicates per lab run on 2 different days. A 10% random sample of blood
specimens were tested twice in a blinded fashion per assay run. Agreement between duplicates
was substantial [Landis and Koch, 1977] (Kappa intra-batch = 0.78, 95% confidence interval
[C.I.], 0.38 – 1.00, based on n = 33 sample pairs; Kappa inter-batch = 0.61, 95% C.I., .46 - .77,
based on n = 202 sample pairs with non-missing mIFA test results from the first two laboratory
runs). HHV-8 antibody titers were also determined by mIFA on serially diluted serum samples
(1:100 to 1:51,200). All blood specimens that were analyzed by mIFA were assessed
microscopically by the same reader.

Data Analysis
The overall frequency and age-specific frequency distribution were used to measure the
seroprevalence of HHV-8 infection among the Tobago women. Pearson's Chi-square test was
used to examine whether there were any differences in HHV-8 seropositivity rates among these
age groups (18-29, 30-39, 40-49, 50-59, 60-65 years). HHV-8 antibody titer of women who
tested HHV-8 seropositive was examined by age groups. Fisher's exact test was used to
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determine whether there was a difference in antibody titer (low, < 800 versus high, ≥ 800)
between younger (ages 18-39 years) and older (ages 40-65 years) women.

The Mantel-Haenszel Chi-square test was used to determine if there was a difference in the
overall seroprevalence of HHV-8 infection between Tobago women and men of comparable
age, after the Breslow-Day test for homogeneity was conducted. The Pearson's Chi-square test
or Fisher's exact test (if appropriate) was used to examine whether there were any differences
in age-specific HHV-8 seropositivity rates for each age group (40-49, 50-59, 60-65 years)
between genders.

Logistic regression analyses were performed to assess the independent contribution of each
study variable (age, marital status, history of cancer, oral and cervical HPV detection, and
sexual lifestyle behavior variables) to HHV-8 sero-status, and to analyze the interaction of age
and the study variables on HHV-8 sero-status.

Nine sexual behaviors plus results from HPV oral and cervical screening listed in Table I were
scored (0 or1) based on a prior hypothesis of their likelihood of having a positive association
with HHV-8 seropositivity. A score of 0 was given to the reference group (no risky behavior
and/or no presence of HPV DNA); a score of 1 was given to the exposed group that had the
risky behavior and/or presence of HPV DNA (Table I). The studied variable “Number of
partners in the past 12 months” was collapsed to none or one partner (score = 0) in comparison
to two or more partners (score = 1). Women who did not answer all 9 sexual behavior questions
and had no HPV oral or cervical results were excluded from this analysis. To alleviate
converging problems in the logistic regression model, sexual behavior scores were divided in
the following categories: category 1 (scores 1-4), category 2 (score 5), category 3 (score 6),
category 4 (score 7), and category 5 (scores 8-11).

All data analyses were conducted with SPSS version 12.0; an alpha level of 0.05, two-sided,
was set for all the analyses.

Results
Study population characteristics

A total of 213 Tobago women, ages 18-65 years, was included in the study. The median age
was 41.0 years (25-75% percentile, 35-48 years). Of these women, 83.1% identified themselves
as African-Caribbean, 7% as mixed race, and 1.9% as East-Indian; 8% of the women did not
report their race. The majority of women reported that they were married at the time of interview
(51.6%).

The HHV-8 sero-status of 159 Tobago men, ages 40-65 years, were compared to that of the
subset of Tobago women of comparable age (n = 122). The median age of the male study
population was 59.0 years (25-75% percentile, 53-63 years). The median age of the female
subset study population was 47.0 years (25-75% percentile, 45-53 years). The majority of the
female subset and of the men reported that they were married at the time of the interview (62.3%
and 71.7%, respectively).

HHV-8 seroprevalence
An overall seroprevalence of 14.1% (95% C.I., 10 - 19%) for antibodies against HHV-8 lytic
antigens was found among Tobago women. HHV-8 seroprevalence point estimates varied
across age groups, with the lowest prevalence observed in the age group 30-39 years, and the
highest prevalence observed in the age group 60-65 years (Figure 1). However, there were no
significant differences in HHV-8 age-specific seropositivity rates among the age groups
(18-29, 30-39, 40-49, 50-59, 60-65 years) (p-value = .835).
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HHV-8 antibody titer distribution
There were 30 HHV-8 seropositive women; their IgG antibody titer against HHV-8 lytic
antigens ranged from 1:100 to 1:6400 (Figure 2). The median antibody titer was 400 (25-75%
percentile, 200-800) among the seropositive women. Overall, women, ages 40-65 years, were
more likely to have an antibody titer of ≥ 800 (8.2%, n = 10/122) than women, ages 18-39
years (0%, n = 0/90) (p-value = .006).

Comparison of HHV-8 seropositivity rates between Tobago women and men
Across age groups 40-65 years, HHV-8 seropositivity rates were 14.8% (95% C.I., 9.0 - 22.3%)
in women and 20.8% (95% C.I., 14.7 - 27.9%) in men. Adjusting for age, the test of
homogeneity (p-value = .946) and differences in HHV-8 seropositivity between men and
women were not statistically significant (p-value = .741) (Figure 1). However, in each age
group, Tobago women had a lower HHV-8 seropositivity rate than their male counterparts
(Figure 1).

Risk factors for HHV-8 infection
HHV-8 seropositivity was analyzed in relation to sexual lifestyle behavior in women (Table
I). HHV-8 seropositivity was not statistically associated with any sexual behavior variables,
except for “age at first sexual intercourse”. Tobago women who reported to have their first
sexual intercourse at ≤ 17 years of age were 2.51-fold more likely (95% C.I., 1.09-5.78) to be
HHV-8 seropositive than women who reported to have their first sexual intercourse at ≥ 18
years of age. In addition, marital status, history of cancer, and HPV DNA detected in oral and
cervical cavity were not associated with HHV-8 sero-status.

No significant interactions were observed between age and any studied variable
—Out of the 9 sexual behavior variables plus 2 HPV screening variables listed in Table I, the
combined sexual behavior scores (including HPV screening results) ranged from 1 to 9 with a
mean score of 6.3 (95% C.I., 6-6.5) among 115 women. In the logistic regression model, the
number of women in the combined sexual behavior score categories were the following: 15 in
category 1 (scores 1-4), 15 in category 2 (score 5), 30 in category 3 (score 6), 35 in category
4 (score 7), and 20 in category 5 (scores 8-11).There was no statistically significant association
between HHV-8 seropositivity and the combined sexual behavior scores after adjusting for age
(p-value = .282). There was no statistically significant association with HHV-8 seropositivity
when the combined sexual behavior scores were divided into two categories: low score of < 6
(6.7% seropositive, n = 2/30) and high score of > = 6 (17.6% seropositive, n = 15/85) (p-value
= .231).

Discussion
This study indicates that HHV-8 infection is present among Tobago women at a frequency
similar to that previously reported in men[Engels et al., 2007; Hoffman et al., 2004;
Plancoulaine et al., 2004; Serraino et al., 2006]. The seropositivity rate observed among these
women is comparable to rates found among women in the Mediterranean area[Cattani et al.,
2003; Masini et al., 2000; Tanzi et al., 2005]. As for KS, this incidence has been reported to
range from 0.2 to 2.8 per 100,000 population per year among women in the Mediterranean
region[Davidovici et al., 2001; Tanzi et al., 2005; Vitale et al., 2001]. In Tobago, no cases of
KS have been reported for women and men during the period of 1994-1997[Dr. Elizabeth
Quamina Cancer Registry, 2008; Ferlay et al., 2004]. The lack of KS in Tobago despite the
moderate rates of HHV-8 infection may be due to the immune status of the population, genetic
make-up that prevents disease development/progression to clinical stage, possible
environmental factors (for example, diet), under-reporting of KS to health officials, or a small
population size.
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A gradual increase in HHV-8 seropositivity was observed among Tobago women, from ages
30-39 years to ages 60-65 years. Women ages 18-29 years had a higher HHV-8 seropositivity
in comparison to women ages 30-49 years; this higher seropositivity among younger women
may be due to a cohort effect. Women ≥ 40 years of age had a higher prevalence of antibody
titer ≥ 1:800 than women ages ≤ 39 years. The reason for the higher antibody titers among
older women may be due to cumulative exposure to HHV-8. As for the male controls in
Hoffman et al. study, the overall median antibody titer among these seropositive men (n =
15/159), ages 40-65 years, was lower (median = 400) in comparison to women (n = 18/122)
of similar ages (median = 800)[Hoffman et al., 2004]. The reason for the lower median antibody
titers among men in comparison to women is not known.

As for gender and HHV-8 seropositivity with age, the overall HHV-8 seropositivity rate as
well as the rates across age groups (40-49, 50-59, 60-65 years) were higher in Tobago men in
comparison to Tobago women; however, these seropositivity rates did not significantly differ.
This lack of significant gender difference in seropositivity rates is consistent with studies
conducted in Sub-Saharan Africa[Plancoulaine et al., 2004], Italy[Serraino et al., 2006], and
the United States[Engels et al., 2007; Hudnall et al., 2003].

Few studies have examined HHV-8 infection in Caribbean populations. Studies conducted in
Dominican Republic[Lennette et al., 1996], Cuba[Fernandez et al., 2002], and Haiti[Lennette
et al., 1996] found moderate HHV-8 seropositivity rates for antibodies against HHV-8 lytic
antigens, 13%, 16.9%, and 29%, respectively. These seropositivity rates are similar to rates
found in Tobago. Also, no gender difference in HHV-8 seropositivity rate found in the Cuba
study[Fernandez et al., 2002] is consistent to the present study's finding; the study conducted
in Dominican Republic and Haiti did not report gender seropositivity rates[Lennette et al.,
1996].

In the present study, HHV-8 seropositivity rates were higher than rates reported in other
Caribbean populations. For example, in Jamaica, three studies reported low HHV-8
seropositivity rates of 0.68% among women attending gynecology clinics, 2.7% among blood
donors (ages 18 to 63 years), and 3.6% among blood donors (ages 18 to 64 years); in these
studies, a whole virus enzyme-linked immunoassay and/or immunofluorescence assay testing
for antibodies against lytic and latent HHV-8 antigens were used [Ablashi et al., 1999; Engels
et al., 1999; Manns et al., 1998]. In Trinidad, HHV-8 seropositivity rate of 1.3% among female
and male blood donors (ages 18 to 64 years) was found by using a whole virus enzyme-linked
immunoassay [Ablashi et al., 1999]. The low HHV-8 seropositivity rates found in Trinidad
and Jamaica populations in comparison to the present study population may be due to
differences in study populations or in the sensitivity of the serological assay used to examine
HHV-8 infection. The serological assay, mIFA, used in the present study has been reported to
have a sensitivity of 89.9% and specificity of 97.5% [Pellett et al., 2003]. Based on studies that
used serological assays to examine patterns of change in HHV-8 antibody responses, antibody
titers have shown to decrease over time in some individuals[Quinlivan et al., 2001; Zavitsanou
et al., 2006]. Therefore, HHV-8 serological assays may not be sensitive enough to detect all
HHV-8 exposed individuals. The decline in antibody titers suggests that HHV-8 infection may
be underestimated in cross-sectional studies.

In this study, a significant association between HHV-8 sero-status and age at first sexual
intercourse was found among women. A study conducted among female prostitutes and age-
matched controls in Oviedo and Barcelona, Spain found a similar association between HHV-8
seropositive status and age at first sexual intercourse[de Sanjose et al., 2002]; but, this
association was not confirmed by studies conducted among U.S. women [Cannon et al.,
2001; Goedert et al., 2003]. A study conducted in Cuba which included women and men did
not find an association between HHV-8 seropositivity and age at first sexual intercourse
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[Fernandez et al., 2002]. The minimal association between HHV-8 seropositivity and age at
first sexual intercourse reported in the present study suggests that sexual activity may not be
the predominate mode of HHV-8 transmission in Tobago.

Sexual transmission may not be the only mode of HHV-8 transmission in Tobago. In this study,
several variables that assess sexual lifestyle behaviors were not associated with HHV-8 sero-
status among the women. In addition, the detection of HPV DNA in oral or cervical cavity was
not associated with HHV-8 seropositivity. The lack of associations between seropositivity and
several sexual behavior variables is consistent with previous studies that examined similar
sexual lifestyle behaviors and HHV-8 sero-status among women[Engels et al., 2007; Goedert
et al., 2003].

Non-sexual transmission of HHV-8 may play a role in Tobago. Evidence of HHV-8 infection
among pre-pubertal children in other populations suggests non-sexual routes of HHV-8
transmission, and point at saliva as the probable route of transmission[Cattani et al., 2003;
Cunha et al., 2005; Pica and Volpi, 2007; Rezza et al., 2000]. Saliva is known to have the
highest viral load and viral shedding in comparison to other sites such as peripheral blood
mononuclear cells, urine, semen, and prostate[Cannon et al., 2003; Gandhi et al., 2004; Pauk
et al., 2000; Taylor et al., 2004]. Due to the age of the present study population, ≥18 years of
age, evidence of non-sexual transmission through oral transmission was not observed.
However, to evaluate whether oral transmission through sexual behaviors was associated with
HHV-8 sero-status, women who participated in oral sexual activities and/or had the presence
of HPV DNA in their oral cavity were examined and found to have higher risk for HHV-8
infection than their counterparts. Tobago women were less likely to be seropositive if they ever
had oral sex or if they had partners who performed oral sex on them; in contrast, they were
more likely to be seropositive if they did not use condoms during oral sex or if HPV was
detected in their oral cavity. However, none of these associations were statistically significant.

There are some limitations in the present study. One limitation is that for Tobago men, sexual
lifestyle behavior data were not available. A recent study has shown sexual lifestyle behaviors
such as duration of sexual activity in years, the number of lifetime sex partners, and co-infection
with other STDs to be associated with HHV-8 seropositive status among heterosexual men
[Engels et al., 2007]. Another limitation is the limited power to examine the association
between HHV-8 sero-status and sexual lifestyle behaviors among women. Sexual lifestyle
behavior variables were missing in some of the women's responses; however, this missing data
was less than 14% for most variables.

The present study is the first to examine the relationship between several sexual lifestyles
behaviors and HHV-8 infection in the Caribbean. A good estimation of HHV-8 seroprevalence
among women, ages 18 to 65 years, based on a 95% confidence interval width of < 10% was
calculated. This study had enough study participants to detect a doubling of HHV-8
seropositivity (from 15% to 30%) with 80% power to test at alpha level of 0.05, two-sided.

In conclusion, the present study provides evidence that HHV-8 infection is present in Tobago.
However, sexual activity may not be a major contributor in acquiring HHV-8 infection. Non-
sexual transmission of HHV-8 may also occur in Tobago; however, evidence of this
transmission remains not known. Understanding possible modes of HHV-8 transmission will
help design programs aimed at interrupting this viral infection in populations. Further studies,
especially longitudinal studies, are needed to examine HHV-8 infection, transmission, and its
relationship with possible associated malignancies in Tobago.
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Figure 1.
HHV-8 Seropositivity Rates According to Age in Tobago Women, ages 18-65 years, and
Tobago Men, ages 40-65 years
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Figure 2.
The Frequency of HHV-8 Antibody Titer in HHV-8 Seropositive Tobago Women by Age
Groups (N=30)
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Table I

Potential Risk Factors for Human Herpesvirus 8 (HHV-8) Infection in Tobago Women, ages 18-65 years

Variables (Reference/ Exposed Groups) Number in Reference/Exposed Groups Odds ratio* 95% Confidence Interval

Marital Status (married/widow vs. single/other) 118/92 .74 .31-1.76

History of Cancer (no/yes) 198/8 2.17 .40 – 11.94

Age at 1st sexual intercourse (age ≥18 vs. age ≤ 17) 106/87 2.51 1.09 – 5.78

Number of lifetime partners (one partner vs. 2 or more
partners)

29/164 .81 .28 – 2.33

Ever diagnosed with a STD (no vs. yes) 175/21 1.84 .61 – 5.50

Sexual intercourse in the past 12 months (no vs. yes) 25/170 1.65 .42 – 6.42

Number of partners in the past 12 months (none vs. one
partner; none vs. two or more partners)

17/153 .76 .19 – 3.13

17/43 .79 .17 – 3.76

Condom used during vaginal sex (sometimes/
frequently vs. no)

104/82 .86 .37 – 2.00

Ever had oral sex (no vs. yes) 59/128 .63 .26 – 1.55

Condom used during oral sex (sometimes/always vs.
no)

16/111 1.18 .25 – 5.73

Partner performed oral sex (no vs. occasionally/
frequently)

33/153 .61 .22 – 1.69

HPV detected in oral cavity (no vs. yes) 197/15 1.58 .42 – 5.97

HPV detected in cervix (no vs. yes) 137/75 .92 .4 – 2.11

Note.

*
= age-adjusted, HPV= Human papillomavirus, STD= sexually transmitted disease, vs. = versus.
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