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Among 233 children, Kaposi sarcoma—associated herpesvirus (KSHV) DNA was detected in 43% of children
seropositive for both K8.1 and orf73, in 29% of children seropositive for K8.1 only, in 14% of children
seropositive for orf73 only, and in 7% of children seronegative for both K8.1 and orf73; among 228 mothers,
KSHV DNA was detected in 27%, 25%, 4%, and 1%, respectively. KSHV DNA was detected more frequently
and at higher levels in saliva than in buffy-coat samples and in children than in mothers. In both children
and mothers, detection in saliva was associated with detection in peripheral blood. Detection was associated
with K8.1 seropositivity, younger age, and high household density, indicating the importance of in-household

person-to-person transmission, likely via saliva.

Kaposi sarcoma—associated herpesvirus (KSHV; also
called “human herpesvirus 8”) is the causative agent of
Kaposi sarcoma (KS) [1]. KSHV seroprevalence and
risk for KS are highest in sub-Saharan Africa, are in-
termediate in Mediterranean countries, and are lowest
in the United States and northern Europe. In the United
States and northern Europe, KSHV infection is rare in
children; however, it is common in children in Africa,
where spread predominantly occurs via horizontal non-
sexual modes [1].

The route of KSHV transmission is uncertain, but
salivary transmission has been suggested [2]. KSHV
DNA is more frequently detected by polymerase chain
reaction (PCR) in saliva than in other body fluids from
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asymptomatic subjects, both in African and other pop-
ulations in which prevalence is high [2]. Transmissible
KSHYV virions are found in saliva from homosexual men
in the United States [3], and, in longitudinal studies,
intermittent shedding is typically found [4]. Among
febrile Egyptian children, KSHV DNA was detected in
33% of 36 saliva samples but in only 16% of 31 serum
samples [5]. Elsewhere in Africa, KSHV DNA was de-
tected in ~20% of peripheral-blood samples from chil-
dren [6], blood donors [7], and pregnant women [8].

These studies were small and did not evaluate de-
tection in saliva. We evaluated the prevalence and de-
terminants of KSHV excretion in children with sickle
cell disease and their mothers from Uganda, where
KSHV and KS are endemic.

SUBJECTS, MATERIALS, AND METHODS

Our subjects were 600 Ugandan children with sickle
cell disease (but without KS) enrolled at the Sickle Cell
Clinic, Mulago Hospital, Kampala, during 2001-2002
[9]. Their mothers, if available, were also enrolled. The
mothers gave written, informed consent for themselves
and their children; children =7 years old gave witnessed
assent. The present study was approved by the insti-
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Figure 1.

Frequency of detection of Kaposi sarcoma—associated herpesvirus (KSHV) DNA in saliva and buffy-coat samples from Ugandan children

and mothers, stratified by KSHV-antibody serostatus (seronegative for both K8.1 and orf73, seropositive for orf73 only, seropositive for K8.1 only, and

seropositive for both K8.1 and orf73).

tutional review boards of the National Cancer Institute and the
Uganda National Council for Science and Technology.
Information was collected on age, sex, household density, lo-
cation of residence, source of drinking water, and history of illness
during the preceding week. Venous blood and whole saliva sam-
ples from subjects were processed and were stored at —80°C until
testing. KSHV serologic testing was based on EIAs for K8.1, a
KSHYV structural glycoprotein expressed during lytic infection,
and for orf73, a nuclear antigen expressed during latency [9].
For the present study, all children who were KSHV seropositive
or indeterminate by either test (n = 183) and a random sample
of 50 seronegative children were selected, as were their mothers.
DNA was extracted from saliva and buffy-coat samples by use
of the QIAamp DNA extraction kits (Qiagen-Operon), according
to the manufacturer’s instructions. Dedicated rooms and equip-
ment were used for the preparation of reagents, extraction of
DNA, and PCR amplification. KSHV K6 and human endogenous
retrovirus—3 cell TagMan PCR assays were run by use of the ABI
Prism 7700 sequence detection system (Applied Biosystems), as
described elsewhere [10-12]. Cell-free KSHV genome copy num-
bers in saliva are expressed as copies per milliliter of saliva, and
cell-associated virus copy numbers in buffy-coat samples are ex-
pressed as copies/10° peripheral-blood cells (PBCs). The K6 Tag-
Man PCR assay can detect 1 KSHV genome copy in 150 ng of
input DNA and has a linear dynamic range of 5 logs. K1 PCR
and genotyping were performed as described elsewhere [13].

For analysis, subjects were grouped into 4 categories, on the
basis of whether they were seropositive or seronegative (consid-
ering indeterminate as seronegative) by the 2 KSHV serologic
assays. Odds ratios (ORs) and 95% confidence intervals (Cls)
for associations between individual variables and detection of
KSHV DNA were estimated by use of logistic regression models,
controlling for serostatus category and age. Associations between
child or mother serostatus and detection of KSHV were estimated
by use of generalized estimation equations [14]. Mean values
were compared between groups by use of Student’s ¢ test. Virus
levels were log-transformed before performing the ¢ test. Two-
sided P <.05 was considered to be statistically significant.

RESULTS

The median age of the children was 8.5 years (range, 0-16.0
years), and 54% were male. The median age of the mothers
was 34.3 years (range, 19.4-59.6 years).

KSHV DNA was detected in 43% of saliva or buffy-coat
samples from 90 children seropositive for both K8.1 and orf73,
in 29% of saliva or buffy-coat samples from 17 children se-
ropositive for K8.1 only, and in 14% of saliva or buffy-coat
samples from 22 children seropositive for orf73 only (figure
1). K8.1-seropositive, KSHV DNA-—positive children had sig-
nificantly higher K8.1 antibody levels than did K8.1-seropos-
itive, KSHV DNA-negative children (mean OD, 2.11 vs. 1.78
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[P<.001]). However, orf73 antibody levels were similar in
orf73-seropositive, KSHV DNA-—positive children and orf73-
seropositive, KSHV DNA-negative children (mean OD, 1.14 vs.
1.05 [P = .16]).

KSHV DNA was detected in 27% of saliva or buffy-coat sam-
ples from 78 mothers seropositive for both K8.1 and orf73, in
25% of saliva or buffy-coat samples from 12 mothers seroposi-
tive for K8.1 only, and in 4% of saliva or buffy-coat samples
from 25 mothers seropositive for orf73 only (figure 1). As with
the findings for children, K8.1-seropositive, KSHV DNA—positive
mothers had significantly higher K8.1 antibody levels than did
K8.1-seropositive, KSHV DNA-negative mothers (mean OD,
2.21 vs. 1.89 [P = .004]). However, in contrast to the findings
for children, among orf73-seropositive mothers, orf73 antibody
levels were significantly higher in those who were positive for
KSHV DNA than in those who were negative for KSHV DNA
(mean OD, 1.42 vs. 1.20 [P = .04]).

Among seropositive children, detection of KSHV DNA in sa-
liva and buffy-coat samples was inversely related to age, al-
though the trend was statistically significant for detection of
KSHV DNA in buffy-coat samples only (P<.005). Detection
of KSHV DNA in saliva samples was associated with detection
in buffy-coat samples (OR for children, 8.9 [95% CI, 3.6-21.6];
OR for mothers, 24.9 [95% CI, 6.1-102]). The proportions of
children and mothers with detectable KSHV DNA in saliva sam-
ples only were the same (12% for both). However, compared
with the rates among mothers, KSHV DNA was detected among
children more frequently in both saliva and buffy-coat samples
(15% vs. 6% [P = .06]) and in buffy-coat samples only (10%
vs. 3% [P = .02]). KSHV DNA was detected 1.5-fold (95% ClI,
0.52-4.39-fold) more frequently in saliva samples and 2.8-fold
(95% CI, 1.05-7.38-fold) more frequently in buffy-coat samples
from children with KSHV DNA—positive mothers than in those
from children with KSHV DNA-negative mothers.

Six of 87 seronegative children had detectable KSHV DNA
in saliva or buffy-coat samples, compared with only 1 of 102
seronegative mothers (7% vs. 1% [P = .06]; figure 1). Of the
children, 1 had detectable KSHV DNA in both saliva and buf-
fy-coat samples (the mother was positive in her saliva sample
only), 2 had detectable KSHV DNA in saliva samples only, and
3 had detectable KSHV DNA in buffy-coat samples only. Three
of the KSHV DNA-—positive children had mothers who were
seropositive for both K8.1 and orf73, 2 of whom also had
detectable KSHV DNA in their saliva samples; the remaining
3 children had seronegative mothers who were negative for
KSHV DNA. Full-length K1 was successfully amplified from
the saliva of the child concordantly positive in saliva sample
and buffy-coat sample, but full-length K1 was not successfully
amplified from samples from the other seronegative subjects,
most of whom were positive below a quantifiable level. The K1
sequence obtained from this child was a unique A5 subtype

sequence that differed from K1 sequences obtained from 20
other samples from the seropositive mothers and children (data
not shown).

KSHV DNA was detected but could not be quantified in 4
saliva and 7 bufty-coat samples from children. Among children,
when the KSHV genome could be quantified (30 saliva and 29
buffy-coat samples), the median KSHV-genome copy numbers
were 10,100 copies/mL of saliva (interquartile range [IQR],
320-29,333 copies/mL of saliva) and 133 copies/10° PBCs in
buffy-coat samples (IQR, 34-275 copies/10° PBCs). The levels
of KSHV DNA detected in saliva and in peripheral blood were
similar for girls and boys. For mothers, KSHV DNA could be
quantified in 19 of 22 saliva and in 6 of 11 buffy-coat samples.
Their median KSHV-genome copy numbers were 7200 copies/
mL of saliva (IQR, 220-32,000 copies/mL of saliva) and 42
copies/10° PBCs in buffy-coat samples (IQR, 38-88 copies/10°
PBCs), but the log-transformed levels were not significantly
different in mothers and children.

Among children, detection of KSHV DNA in saliva and buf-
fy-coat samples was associated with household density but was
not associated with sex, tribe, source of drinking water, or lo-
cation of residence, controlling for age and serostatus (table 1).
KSHV DNA was detected 2.9-fold (95% CI, 1.03—7.91-fold) more
frequently in saliva samples from children reporting recent sickle
cell dactylitis and 0.37-fold (95% CI, 0.14-0.98-fold) more fre-
quently in saliva samples from children taking folic acid daily to
prevent severe anemia. Recent fever, cough, malaria, and sore
throat were unrelated to detection of KSHV DNA in either saliva
or buffy-coat samples.

DISCUSSION

Our results have broadened our understanding of the frequency
of KSHYV salivary shedding and have emphasized the potential
role that saliva might play as a vehicle for KSHV transmission
in the spread of KSHV in regions where the virus is endemic.
High rates of KSHV detection have been previously reported
in Africans [5, 7, 8]. The present study has corroborated these
earlier findings, using a larger study population, providing
quantitative data, and simultaneously evaluating the detection
of KSHV DNA in saliva and buffy-coat samples from children
and their mothers.

We found that KSHV DNA was detected more frequently
and at higher levels in saliva than in peripheral blood and in
children than in mothers. Detection of KSHV DNA was as-
sociated with the presence and level of KSHV antibody (as
measured by the K8.1 and, to a lesser extent, the orf73 ElAs),
younger age, and high household density. High antibody reac-
tivity, particularly against K8.1 lytic antigens, appears to be
associated with detection of KSHV DNA in saliva, peripheral
blood, or both, indicating that K8.1 antibody is an immune
response to KSHV structural proteins released during lytic vi-
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Table 1.

Frequency of detection of Kaposi sarcoma-associated herpesvirus (KSHV) DNA in saliva

and buffy-coat samples from Ugandan children with sickle cell disease, by demographic variables.

KSHV DNA detected

in saliva sample (n = 216)°

KSHV DNA detected
in buffy-coat sample (n = 233)

Category, variable No. (%) OR® (95% Cl) P°  No. (%) ORP (95% Cl) P°
Sex .84 .09

Female 18 (18) Ref. 23 (21) Ref.

Male 19 (17)  0.93 (0.43-2.00) 17 (14)  0.53 (0.25-1.11)
Age in years, quartiles 74 .02

1.0-3.8 5 (19) Ref. 8 (22) Ref.

3.9-6.8 6 (12)  0.32 (0.07-1.40) 10 (19)  0.68 (0.22-2.12)

6.9-10.9 11 (15)  0.33 (0.08-1.29) 13 (18)  0.47 (0.16-1.40)

11.0-16.0 15(22) 0.48(0.12-1.81) 9(13)  0.28 (0.09-0.89)
Tribe .89 .03

Ganda 28 (18) Ref. 32 (19) Ref.

Luo 2 (15)  0.76 (0.14-4.20) 2 (14) 0.85(0.16-4.51)

Soga 2 (18)  1.59 (0.26-9.58) 4 (15)  2.80 (0.66-11.90)

Other 5(14) 0.77 (0.26-2.31) 2 (5) 0.19 (0.04-0.88) .
Source of drinking water .90 .05

Private tap 0 0

Communal standpipe 21 (17) Ref. 18 (13) Ref.

Surface water 16 (20)  0.95 (0.44-2.07) 22 (24)  2.14 (1.01-4.56)
Location of residence 23 .28

Urban 15 (21) Ref. 16 (21) Ref.

Periurban 9(13) 0.43(0.16-1.17) 11 (14)  0.52 (0.21-1.29)

Rural 13 (18)  0.78 (0.31-2.00) 12 (16)  0.53 (0.21-1.35)
Household density® .03 .06

Low 4 (9) Ref. 5(11) Ref.

Medium 8 (13)  1.84(0.48-7.10) 8(12)  1.24 (0.36-4.33)

High 7 (23)  3.84 (0.89-16.60) 6 (18)  1.51(0.39-5.92)

Very high 18 (23)  3.69 (1.05-13.10) 21 (24)  2.50 (0.82-7.64)

NOTE. Cl, confidence interval; OR, odds ratio; Ref., reference.

@ Excludes 17 children without saliva samples.
b Adjusted for age group and KSHV-antibody serostatus (seronegative for both K8.1 and orf73, seropositive for
orf73 only, seropositive for K8.1 only, and seropositive for both K8.1 and orf73), except for age group, which is adjusted
only for KSHV-antibody serostatus.
© P values for age and household density are for trend.
9 Household density is calculated as the no. of persons per the no. of rooms in the house (low, =1.50; medium,
1.51-2.24; high, 2.25-2.99; very high, =3.00).

rus replication. Detection of KSHV DNA in both saliva and
buffy-coat samples was frequent among the study subjects. This
finding suggests that KSHV infection in the oral cavity, as man-
ifested by salivary shedding, may be in a dynamic relationship
with infection in circulating infected B lymphocytes.
Detection of KSHV DNA was inversely related with age in
positive subjects. It is possible that some recently infected chil-
dren were still in the lytic phase of their primary infection.
Because we had no follow-up samples, we could not examine
this hypothesis. Alternatively, because the children in our study
had sickle cell anemia, humoral immune deficits associated with
sickle cell disease could account for the higher prevalence of
KSHV DNA in children. Anemia could also be a factor, as
suggested by an in vitro study that reported KSHV replication
in cells subjected to hypoxia [15]. We found that children who
took folic acid daily to prevent severe anemia were less likely

to shed virus, whereas those who had sickle cell dactylitis, a
condition resulting from hypoxia-induced infarction of bone
marrow and cortical bone of the hands and feet, were more
likely to shed virus.

Mothers who were positive for KSHV DNA in saliva, bufty-
coat samples, or both were more likely to have children with
detectable KSHV DNA in their saliva or peripheral blood, but
the association was only statistically significant for detection of
KSHYV in buffy-coat samples. The findings for detection in sa-
liva samples might reflect transmission between mother-child
pairs, whereas the findings for detection in buffy-coat samples
could indicate shared host responses to KSHV infection due
to the subjects’ being genetically related or to common envi-
ronmental exposures. Environmental factors were also sug-
gested by the association between detection of KSHV DNA in
saliva and buffy-coat samples from children and high house-
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hold density, implying person-to-person transmission of KSHV
and persistence of viremia in crowded households.

In the present study, 6 children and 1 mother were sero-
negative but were positive for KSHV DNA in either saliva or
buffy-coat samples. Although they may have been misclassified
as seronegative or virus positive because of errors in sample
labeling or testing, the preponderance of KSHV detection in
children and the unique K1 sequence obtained from the 1 child
for whom sufficient viral DNA allowed for KSHV genotyping
argue against such misclassification. Perhaps these subjects had
preseroconversion infections. Alternatively, sickle cell disease—
associated humoral immune deficits may have resulted in a less
robust immune response, resulting in these children being falsely
classified as seronegative.

The strengths of the present study include its size and our
evaluation of paired saliva and peripheral-blood samples from
children and women in a region where KS is endemic. Although
all of the children in our study had sickle cell disease, which
may limit generalization of our findings, this disease is not
known to be associated with risk for acquiring KSHV or for
developing KS. A further limitation is that the cross-sectional
design may have prevented us from observing transient shed-
ding or viremia and from finding their associations.

To summarize, detection of KSHV DNA was significantly
associated with lytic anti-KSHV antibodies, younger age, and
high household density. The frequent detection and high levels
of KSHV DNA in the saliva of our subjects support the hy-
pothesis that KSHV may be transmitted via saliva and suggest
that person-to-person spread among children as well as among
mothers contributes to the endemicity of KSHV in Uganda.
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