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4University of Zambia, School of Medicine and University Teaching Hospital, Zambia
5University of Miami Miller School of Medicine, Miami, Florida

Abstract
Background—Human herpesvirus-8 (HHV-8) infection in early childhood is common
throughout sub-Saharan Africa with prevalence increasing throughout childhood. Specific routes
of transmission have not been clearly delineated, though HHV-8 is present in high concentrations
in saliva.

Methods—To understand the horizontal transmission of HHV-8 within households to children
we enrolled for cross-sectional analysis, 251 households including 254 children, age two and
under, in Lusaka, Zambia. For all children, plasma was screened for HHV-8 and HIV-1 and health
and behavioral questionnaires were completed. Multi-level logistic regression analysis was
conducted to assess independent factors for HHV-8 infection in children.

Results—Risk factors for HHV-8 infection included increasing number of HHV-8 positive
household members [OR 2.5 (95% CI: 1.9, 3.3) P < 0.01] and having a primary caregiver who
tested the temperature of food with their tongue prior to feeding the child [OR 2.4 (95% CI: 1.93,
3.30) P =0.01]. Breastfeeding was protective against infection with HHV-8 for children [OR 0.3
(95% CI: 0.16, 0.72) P <0.01].

Conclusions—These results indicate that exposure to HHV-8 in the household increases risk for
early childhood infection with specific feeding behaviors likely playing a role in transmission.

Impact—Interventions to protect children from infection should emphasize the possibility of
infection through sharing of foods.
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INTRODUCTION
Human herpesvirus 8 (HHV-8) is the most recently discovered member of the gamma-
herpesvirus family (1). Also known as Kaposi’s sarcoma-associated herpesvirus (KSHV), it
is known to be the causative agent of Kaposi’s sarcoma (KS), as well as other malignancies
such as primary effusion lymphoma (2) and multicentric Castleman’s disease (3).
Seroprevalence of HHV-8 depicts uneven distribution worldwide but is generally high in
areas where non-HIV associated forms of KS (classic or endemic forms) are common (4).
Results of epidemiological studies on HHV-8 seroprevalence in African adults varies from
29% to 48% based on region and population group (5–7). In children, seroprevalence differs
significantly with age and between different geographical regions, and the prevalence of
infection increases consistently throughout childhood and adolescence in young children in
some endemic areas of Africa such as Zambia (8).

Prior to the onset of the HIV/AIDS epidemic in the mid 1980’s, KS was rare in children
even in KS endemic areas such as sub-Saharan Africa (9–13). During the HIV/AIDS
epidemic, KS incidence rates in Africa increased dramatically in both adults and children
(14). In Zambia, pediatric KS occurrence increased from 3.2% of total childhood cancers to
19.0% as a direct result of the HIV/AIDS epidemic (10), and by 1990 constituted 20–25% of
all Zambian pediatric malignancies (12). Given the high prevalence of HIV infection in the
population estimated to be 14.1% in 2004 (15), this may have been associated with either an
increased risk of acquisition of HHV-8 infection or an increased risk of HHV-8 transmission
to young children. Hence, there is a need for a better understanding of the frequency of
HHV-8 transmission during early childhood.

In both Western and developing countries, the risk for HHV-8 infection is likely associated
with horizontal transmission through saliva however; in children there is a paucity of data
regarding when and how transmission occurs and, in particular, which behavioral factors are
associated with an increased risk of transmission. Several studies have shown that horizontal
transmission occurs within families, most likely through saliva exchange (16–18).. Our
laboratory has previously reported the isolation of HHV-8 viral DNA in saliva samples from
seropositive mothers in Zambia. Results from these studies strongly suggest that child
rearing behaviors associated with saliva exposure could be a risk factor for increased HHV-8
transmission (19). Results from a recent study conducted in rural Uganda lend credence to
this theory when it reported a possible, albeit weak association between variables associated
with saliva exposure such as sharing of food and/or sauce plates and increased risk for
infection with HHV-8 (20).

Our earlier longitudinal cohort study demonstrated that children in Zambia acquire HHV-8
infection early in life, with up to 40% of children being infected by 48 months of age (21).
These results provide compelling evidence that horizontal transmission of HHV-8 infection
during early childhood is associated with the high incidence of infection in children.
Therefore, we hypothesized that behaviors associated with saliva exchange, such as sharing
food, would increase the risk for HHV-8 seropositivity. To date, no large epidemiological
study has been conducted in an endemic area such as Zambia to investigate horizontal
transmission of HHV-8 infection from within a household to children. In the present
analysis we evaluated behavioral risk factors associated with household saliva exposure to
delineate risk factors for HHV-8 infection in young children in Zambia.
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MATERIALS AND METHODS
Study design and population

The present study is a part of a larger longitudinal cohort study recruited for the purpose of
determining of risk factors for early childhood infection with HHV8 in Zambia. This is a
collaborative study among investigators at the University of Nebraska-Lincoln and the
University Teaching Hospital (UTH) of University of Zambia School of Medicine in
Lusaka, Zambia to study HHV-8 and HIV infections in Zambia. Details of the study design,
rationale and recruitment process for this study have been previously described in detail
(22). In brief, participant recruitment was conducted from August of 2004 to April of 2007
at the KS/HHV8 Study Clinic situated within UTH. Community workers were hired from
eligible participants in our previous mother to child HHV-8 cohort transmission study
specifically to inform community members about the study and to help with the screening
and enrollment process (22).

Inclusion criteria for enrollment were as follows; families with a child less than 2 years of
age (the index child), a resident of Lusaka, all family members should be willing to
participate in annual follow-up visits and the primary caregiver and index child should
commit to 4-month follow-up visits. The primary caregiver was the family member self-
described as the individual with the most individual contact with and providing care for the
index child. Of the enrolled children, 75 HHV-8 positive children chosen at random during
the screening process were also enrolled for the present analysis to understand the risk
factors associated with HHV-8 prevalence in this cohort. These children were randomly
selected if the caregiver expressed the willingness to participate.

Written consent was obtained from the study participants after describing the purpose of the
study. Informed consent was obtained from all adult participants, and primary caregivers
provided consent for children in the household. Study approval was granted by the
Institutional Review Boards of the University of Zambia and the University of Nebraska and
all suggestions and modifications were incorporated in the study protocols.

Data collection and measures
The primary caregiver in each household was interviewed by trained study nurses using
structured questionnaires that included questions on socio-demographic variables (gender,
age, education of the primary caregiver, household size, number of playmates), household
living conditions (electricity, water source, toilet type, number of rooms/sleeping areas,
household density), behaviors involving food and drink (premastication of food, sharing
sweets and/or drinks), and healthcare and personal care practices (bathing habits, use of
traditional medicine, and use of saliva to clean children’s faces, soothe injuries or insect
bites). The questionnaires were written, designed and initially tested on focus groups in 2004
before study enrollment was initiated (23).

Laboratory testing
Sample collection—Blood samples were collected by venipuncture from all members of
the household within eight months (mean 2.3 months) of each other. Family size is often
large in Zambian households and everyone in the family is often unable to attend the clinic
at the same time. HIV-1 testing was performed at the UTH clinic in Lusaka, Zambia and
PBMC’s were isolated for PCR analysis for HIV-1 positive individuals. Plasma samples
were shipped to University of Nebraska-Lincoln, Nebraska for HHV-8 serological analysis.

HIV-1 Serology—Plasma was screened for HIV-1 antibodies using both Capillus
(Cambridge Biotech), and Determine (Abbott Laboratories) according to the manufacturer’s
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instructions. A result was considered positive if one or both of these rapid screening assays
revealed a positive result. For children under 18 months of age, early infant diagnosis using
dried blood spot (DBS) was conducted. If children under 18 months of age were found to be
seropositive but no confirmatory DBS data was available, serostatus was based on serology
results that were obtained at subsequent follow-up visits (>18 months of age). If follow-up
visits were not completed, the HIV-1 result was considered indeterminant.

HHV-8 Serology—HHV-8 serological testing was conducted using a monoclonal
antibody-enhanced immunofluorescence assay (mIFA). Plasma samples were diluted 1:40 in
phosphate buffered saline, and screening was performed on BC-3 cells (an Epstein-Barr
virus negative and HHV-8 positive cell line) (American Type Culture Collection, Manassas,
Virginia). BC-3 cells were grown in RPMI media supplemented with 20% heat-inactivated
fetal calf serum, and antibiotics (100 U/ml penicillin, 100 μg/ml streptomycin). Cells were
stimulated to promote HHV-8 lytic cycle with 20 ng/ml of tetradecanoyl phorbal ester
acetate. At 48 hours post stimulation, cells were fixed using 4% paraformaldehyde,
permeablized using 0.1% Triton X-100, and then spotted on 12-well teflon coated slides.
The mIFA was performed with mouse monoclonal anti-human IgG antibody (CRL 1786)
(American Type Culture Collection, Manassas, Virginia) as secondary antibody, and
DyLight 488-conjugated donkey anti-mouse IgG (Thermo Scientific) as tertiary antibody. A
plasma sample was considered to be positive if two readers independently determined the
sample to be positive on two independent mIFA tests. Positive samples were tested on BJAB
cells (an Epstein-Barr virus negative and HHV-8 negative B cell line) which performed the
role of negative controls to rule out any non-specific binding of antibodies to cells. For all
children under 18 months of age found to be HHV-8 positive, serology testing was repeated
at subsequent visits (>18 months of age) to eliminate early positivity due to maternal
antibodies.

Data analysis
Dataset for the present analysis was built and statistical analysis was conducted using SAS
(v9.2) (Cary, NC, USA). Logistic regression model with manual forward stepwise selection
was conducted to explore the strength and significant association between HHV-8
seroprevalence (outcome) and a range of household behavioral habits (covariates).
Associations between covariates and outcome were also evaluated to identify potential
confounders. Odds ratios (ORs), 95% confidence intervals (CI) and P values were calculated
to identify risk factors for HHV-8 infection in children under 2 years of age. Variables with
a P value <0.05 in univariable analysis were included in a multivariable logistic regression
model utilizing a manual forward selection process, to control for possible confounders and
identify independent associations. Anthropometric Z scores were calculated using the
NUTSTAT anthropometric software package (Epi Info, version 3.2.2; Centers for Disease
Control and Prevention). Three households had multiple index children in one household.
To account for a clustering affect, the data was also analyzed utilizing GEE logit link type 3
analyses though we did not observe any influence of clustering on the final results.

RESULTS
We screened index children under the age of 24 months from 1,600 households within the
city of Lusaka, Zambia. Eligibility criteria were met by participants of 1,023 households. Of
these, 622 primary caregivers along with their index children returned for enrollment and
368 of these returned with the complete household. There were 117 households that had
incomplete data and record completion at enrollment, thus information from 251 households
was available for analysis. Total enrollment in the study included 251 households with 254
index children, and 877 family members as outlined in Figure 1. Of the 254 index children
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enrolled, 75 (29.5%) were HHV-8 positive. Table 1 summarizes the characteristics of the
HHV8 positive and negative children, their household sizes, primary caregivers, and the
HHV-8 status of the household members. With univariable analysis, we found the HHV-8
serostatus of the primary caregiver, mother, father, youth and children in the household to be
positively associated with HHV-8 infection in the index child (Table 2). Specifically, an
increased risk for HHV-8 infection was associated with a child having a primary caregiver
who was HHV-8 positive [OR = 2.5 (95% CI: 1.44, 4.32) P <0.01]. There was a slightly
stronger association if the mother was HHV-8 positive as opposed to other caregivers [OR =
2.7 (95% CI: 1.48, 4.77) P <0.01]. However, an increased risk for HHV-8 prevalence was
associated with having any HHV-8 positive adult household member [OR = 2.1 (95% CI:
1.11, 3.92) P = 0.03], and there was an increased odds of 1.8 [(95% CI: 1.22, 2.51) P <0.01],
for every additional adult household member who was HHV-8 positive. The increasing total
number of HHV-8 positive household members, including youth, was associated with an
even higher odds of 2.5 (95% CI: 1.91, 3.21) P <0.01.

We found no associations between child anthropometrics (weight and height percentiles),
and risk for HHV-8 prevalence (Table 3). Additionally, there was no association between
CD4 and CD8 cell count, hematocrit and hemoglobin levels and risk for HHV-8 prevalence
in children (Table 3). The association between HHV-8 prevalence and socio-demographic
variables was also examined, including age, gender, number of household members
categorized by age, relationship of primary caregiver to index child, parental age, and
primary caregiver education. There was an increased risk associated with having a greater
number of adults in the household (Number of household members > 15 years of age) [OR =
1.5 (95% CI: 0.99, 2.18) P = 0.05] (Table 3), however we found no association between the
other variables including child age, gender, adult age, education level and increased risk of
infection.

We also examined for an association between HHV-8 seroprevalence in children and
household and community specific living condition covariates including crowding, water
source, toilet availability, number of rooms and sleeping areas in the home, crowding of
persons in sleeping areas, number of playmates and number of playmates under the age of 5,
and number of times weekly the index child spends overnight with friends. No associations
were found with any of these covariates and child HHV-8 serostatus (Supplementary Table
S1). Similarly, we found no association between HHV-8 seroprevalence in children and
health and hygiene exposures including number of full-body baths, daily face cleanings, use
of traditional medicine, and use of saliva to clean child’s face, soothe childhood injuries, or
insect bites (Supplementary Table S1) although having a toilet within the household was
marginally significant for protecting against HHV-8 infection [OR = 0.1 (95% CI: 0.01,
1.34) P=0.09).

We also investigated covariates related to feeding practices to investigate the association
with HHV-8 seroprevalence and observed that there was decreased odds of HHV-8
seropositivity when the children was currently being breastfed [OR = 0.5 (95% CI: 0.27,
0.88) P = 0.01] or if the child had ever been breastfed [OR = 0.4 (95% CI: 0.21, 0.74) P
<0.01] (Table 4). A number of feeding practices that involved exchange of saliva were
evaluated to assess for association with HHV-8 prevalence including premastication and
sharing of foods. Having a HHV-8 positive caregiver premasticate the food prior to feeding
the child did not demonstrate significantly increased odds for HHV-8 prevalence, although a
small number of caregivers indicated that this practice was performed limiting our overall
sample size (data not shown).

Upon multivariable logistic regression analysis, an independent association for HHV-8
prevalence included total number of HHV-8 positive household members [OR = 2.5 (95%
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CI: 1.93, 3.30) P< 0.01] or having the primary caregiver taste the temperature of the food
prior to feeding [OR = 2.4 (95% CI: 1.19, 4.73) P = 0.01] (Table 5). Current or past
breastfeeding [OR = 0.3 (95% CI: 0.16, 0.72) P <0.01] was protective against infection with
HHV-8.

DISCUSSION
In sub-Saharan Africa children become infected with HHV-8 at an early age. Our cohort
studies have reported that by 13.4% of Zambian children were infected 12 months of age
(24). An additional Ugandan study found comparable levels of infection by 2 years of age
(25). Zambia is a part of the “KS belt”, an area with endemic KS that has been severely
impacted subsequently by the HIV epidemic, underscoring the need for epidemiologic
studies to better understand patterns of HHV-8 transmission in young children. Although
sexual transmission in adults and mucosal shedding of HHV-8 along with salivary exposure
has been implicated in the transmission of HHV-8 in adults, there is little information about
routes of transmission in children, and behavioral habits that could be potential risk factors
and sources of transmission within the family.

Although other studies have examined childhood HHV-8 infection as a result of
transmission between mother and child or between siblings (18, 26, 27), few have examined
specific household behaviors that could contribute to virus transmission to a susceptible
child within a household. The strengths of our study include utilization of a detailed
questionnaire designed to assess behavioral habits not only engaged by the mother, but by
household members and even the child’s interaction with neighborhood children. Ours is
one of the first studies demonstrating an association between behavioral factors associated
with saliva exchange. We observed that in the multivariable analysis a specific behavior i.e.
the primary caregiver testing temperature of food prior to feeding was associated with
HHV-8 prevalence, which potentially supports Butler et al’s findings in a previous study
with an association with food sharing behaviors in children up to 14 years of age (20).

In the present study, we observed that presence and number of HHV-8 positive household
members was consistently associated with childhood HHV-8 infection. This suggests
person-to-person contact with HHV-8 positive members is likely to play a key role in
transmission. These results have been further confirmed by a study completed in our lab
utilizing molecular analysis of the K1 gene sequence data of KSHV-positive individuals
from nine households in our cohort (28). Olp et al found that in six of the nine households,
the child had 100% sequence identify to all household members, supporting that intra-
household transmission occurs (28).

We observed that both the primary caregiver’s and the mother’s HHV-8 status were the
most significant factors, most likely due to more frequent and close person-to-person
contact. This contact likely occurs during food exchange behaviors, when possible saliva
exchange occurs. But in this study, some inconsistancies exist in that none of the child
rearing behaviors, including premastication, individually were associated with HHV-8
prevalence with the exception of the primary caregiver testing the temperature of the food
before feeding the child. It is likely that for a HHV-8 transmission event to occur the amount
of saliva and the amount of viral shedding at the time of the behavior may be key factors.
Seroreversion, the fluctuation in antibody titers to undetectable levels, in adults is well
documented, and could correlate to viral shedding and likelihood of transmission. Also, the
frequency of occurrence of each behavior over time could be critical but this was not fully
explored in this study. It is also likely that the behavioral habits analyzed in this study such
as sharing drinks and foods, involve exposure to only minimal amount of saliva. Similarly,
Butler et al’s (2011) paper, reporting only a marginal association of sharing food and/or
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sauce plates with HHV-8 infection in children could support the fact that the amount or
frequency of saliva sharing could be a factor (20). Of interest, 9 HHV-8 positive index
children did not have any family members that were HHV-8 positive. Because of
seroreversion in adults, the influence of family members on childhood HHV-8 acquisition
may be underestimated. Alternatively, HHV-8 exposures may come from contacts outside
the household.

Breastfeeding as a protection against HHV-8 infection is a novel finding among
herpesviruses. Breast milk has been implicated in mother to child transmission of several
viruses, including cytomegalovirus and HIV-1 (29, 30). However, to our knowledge, this is
the first report of breastfeeding as protection against childhood infection of HHV-8 or any
herpesvirus. It is likely that there may be non-specific immune factors responsible for breast
milk protection, including lactoferrin, complement components, or even commensal
organisms. No correlation was found with maternal seropositivity and breastfeeding with
childhood HHV-8. We feel that this may be due to seroreversion in adults, and a
longitudinal study might better identify antibody presence in breast milk and serologically
over time. Overall, our finding of the decreased risk of HHV-8 infection associated with
breastfeeding is intriguing and warrants further studies to identify the protective factors that
may be responsible.

HIV-1 infection has been documented to be a risk factor associated with HHV-8 infection.
However, we did not analyze the association of HIV-1 with HHV-8 infection in the current
study, because our subjects were selected to be HHV-8 negative as part of a larger
longitudinal study with an aim to study HHV-8 incidence in early childhood. Our earlier
cohort studies have clearly demonstrated that HIV infected children are at a significantly
higher risk for acquiring HHV-8 infection (24). Therefore, during the enrollment of this
cohort, in which HHV-8 negative children were being recruited, it is likely that HIV-1
positive children were under-represented because they were already HHV-8 infected.

A limitation of our study is that the behavioral questions were self-reported which could
potentially result in recall bias. HIV-1 status of the household members was reported to the
study subjects at study enrollment and counseling was done regarding transmission of
HIV-1 and preventative health measures. However, since HHV-8 status was not known by
the caregivers at the time of the study, we do not believe that this potential for bias was a
significant factor.

In summary, we have demonstrated that the presence of HHV-8 in the household plays a key
role in transmission of the virus to a susceptible child. This likely occurs through saliva
sharing during behaviors such as testing the temperature before sharing to the child. This
finding has implications for public health risk, and the need for education of families of
potential transmission of the virus when sharing food with young children, and needed
behavior changes. Although the current analysis supports the view that the primary caregiver
poses the most significant risk of transmitting HHV-8 infection to a child, other results from
the same cohort also demonstrate that HHV-8 transmission to a child can also occur from
other household members and even from others outside of the household (28). Whether
similar factors are also associated with HHV-8 incident infection in “at-risk” children is the
current focus of this study. Longitudinally followed children in this cohort up to 48 months
after enrollment will improve our understanding of the nature of interpersonal contact with a
child and its role in HHV-8 transmission.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow Chart outlining the screening and recruitment of study cohort in Lusaka, Zambia,
2004–2007.
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Table 1

Demographics and HHV-8 Characteristics of HHV-8 Positive and HHV-8 Negative Children in Lusaka,
Zambia, 2004–2007.

Characteristic HHV8 + (n=75) HHV8 − (n=179)

Demographics

 Age of index child (months):

 Range 4–25 2–28

 Mean 13.4 13.5

 Sex of index child:

 Males 47 93

 Females 28 86

 Number of household members:

 Range 2–8 2–8

 Mean 4.7 4.5

 Number of adults:

 Range 1–4 1–4

 Mean 1.8 1.7

 Age of primary caregiver (years):

 Range 17–49 14–58

 Mean 28.9 27.3

 Education of primary caregiver:

 None 7 18

 Primary school 47 105

 Secondary school 21 56

Household HHV-8

 Primary caregiver HHV-8+ 52/75 (69.3%) 82/179 (45.8%)

 Mother HHV-8+ 51/72 (70.8%) 79/175 (45.1%)

 Father HHV-8+ 23/36 (63.9%) 44/74 (59.5%)

 ≥1 other household member HHV-8+ 68/75 (90.7%) 143/179 (79.9%)
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Table 3

Univariable Analysis to Investigate the Association of Socio-Demographic Factors and Nutritional and
Immunological Factors with Child HHV-8 Seropositivity in Lusaka, Zambia, 2004–2007.

Characteristic Odds Ratio 95% Confidence interval P value

Child specific characteristics

 Age of index child (months) 1.0 0.96, 1.04 0.99

 Gender of index child (Reference: male) 0.6 0.37, 1.19 0.12

Household specific characteristics

 Number of household members 1.1 0.94, 1.36 0.18

 Number of household adults > 15 yrs 1.5 0.99, 2.18 0.05a

 Number of household youth (age > 5, ≤ 15yrs) 1.1 0.85, 1.37 0.51

 Number of household children (age ≤ 5 yrs) 1.0 0.68, 1.52 0.93

 Two parents vs. single parent household 1.6 0.86, 2.93 0.45

 Extended family parenting vs. single parent household 1.6 0.75, 3.58 0.45

Caregiver and adult specific characteristics

 Relationship of primary caregiver to index child:

 - Aunt vs. Mother 5.0 0.44, 56.0 0.99

 - Grandmother vs. Mother 0.7 0.27, 10.2 0.98

 Maternal age (years) 1.0 0.99, 1.08 0.13

 Paternal age (years) 1.0 0.98, 1.06 0.42

 Primary caregiver age (years) 1.0 0.99, 1.08 0.10

 Primary caregiver education:

 - No school vs. junior primary 1.5 0.48, 4.53 0.30

 - No school vs. upper primary 1.1 0.41, 2.79 0.93

 - No school vs. junior secondary 1.1 0.38, 3.19 0.87

 - No school vs. upper secondary 0.7 0.21, 2.59 0.37

Nutritional status indicators

 Length-for-age or stature-for-age percentile 1.0 0.99, 1.01 0.70

 Weight-for-length or weight-for-stature percentile 1.0 0.99, 1.00 0.42

 Weight-for-age percentile 1.0 0.99, 1.00 0.13

Laboratory values

 CD4 count 1.0 0.99, 1.00 0.27

 CD8 count 1.0 0.99, 1.00 0.18

 Hematocrit 1.1 0.86, 1.48 0.39

 Hematocrit (normal) 1.2 0.44, 3.11 0.76

 Hemoglobin 1.3 0.76, 2.30 0.33

a
Significant at α level of 0.05
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