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Malaria Is Associated With Kaposi Sarcoma-Associated
Herpesvirus Seroconversion in a Cohort of Western
Kenyan Children
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Background. We aimed to determine whether Plasmodium falciparum infection affects age of Kaposi sarcoma-associated
herpesvirus (KSHV) seroconversion in Kenyan children.

Methods.
high vs unstable/low) were followed to age 24 months. Plasma was tested for KSHV antibodies using enzyme-linked immunosorbent
assay (ELISA; K8.1 and LANA) and a multiplex bead-based assay (K8.1, K10.5, ORF38, ORF50, and LANA) and whole blood tested
for P. falciparum DNA using quantitative PCR. Cox proportional hazards models were used to assess associations between P. falcip-
arum DNA detection, malaria annualized rate (P, falciparum detections/person-years), and enrollment site (malaria-high vs malaria-
low) with time to KSHV seroconversion.

Results. KSHYV seroprevalence was 63% by age 2 years when assessed by multiplex assay. Children with P. falciparum were at
increased hazards of earlier KSHV seroconversion and, among children with malaria, the hazard of becoming KSHV seropositive in-

Kenyan children (n = 144) enrolled at age 1 month, from 2 sites with different levels of malaria transmission (stable/

creased significantly with increasing malaria annualized rate. Children from the malaria-high transmission region had no significant
difference in hazards of KSHV seroconversion at 12 months but were more likely to become KSHV seropositive by age 24 months.

Discussion.
Keywords.

Malaria exposure increases the risk for KSHV seroconversion early in life.
Kaposi sarcoma-associated herpesvirus; HHV-8; KSHV; sub-Saharan Africa; malaria.

Kaposi sarcoma-associated herpesvirus (KSHV), also known as
human herpesvirus 8 (HHV-8), is a gammaherpesvirus which
varies in seroprevalence across the globe: in certain areas of
sub-Saharan Africa, up to 95% of adults are seropositive [1].
Factors associated with higher KSHV seroprevalence in sub-Sa-
haran Africa are not completely understood but the geographic
differences in KSHV distribution suggest environmental factors
are involved. Sub-Saharan Africa, in addition to having high
KSHV seroprevalence, is also an area of high endemicity for
malaria, primarily caused by the Plasmodium falciparum spe-
cies [2], pointing to an association between malaria and KSHV.

Early ecological studies in Italy suggested malaria may be
associated with KSHV infection and/or Kaposi sarcoma (KS)
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[3-6]. In Uganda, KSHV seropositive women and children
were more likely to have malaria parasitemia [7-9] and higher
antimalaria antibody levels [10]. Higher levels of anti-KSHV
antibodies [11] and increasing KSHV DNA levels were associ-
ated with malaria [12] and in Cameroon mosquito bed net use
was protective for KS [13]. However, these studies were either
cross-sectional or case-control designs and thus were unable to
establish a temporal association between malaria and KSHV
infections. The only known longitudinal study of malaria and
KSHYV to date measured malaria exposure by self-report [14]
but more specific measurements of malaria are required to de-
termine whether an association truly exists. In addition, after
primary infection with KSHV, anti-KSHV antibodies have been
shown to decrease to levels below detection, making serodiag-
nosis at a single time point challenging [15-17]. To adequately
evaluate KSHV antibody fluctuations, a study design that meas-
ures antibodies at multiple timepoints is needed.

KSHV seroepidemiology studies to date have also been
constrained by the tools available to measure KSHV sero-
positivity as they have primarily used enzyme-linked im-
munosorbent assays (ELISAs) or
assays to detect antibodies to K8.1 and the ORF73 latency-
associated nuclear antigen (LANA). K8.1 and LANA are
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well-established markers of KSHV-associated disease but
the KSHV genome comprises over 85 open reading frames
(ORFs), all of which are potentially antigenic at different
viral stages [18]. Restricting the definition of seropositivity
to detection of antibodies to just 2 antigens may underes-
timate KSHV seroprevalence in asymptomatic populations.
More recently, we developed a bead-based multiplex assay to
detect antibodies to a wider panel of KSHV antigens with a
greater dynamic range than ELISA assay [19]. The ability to
measure a range of anti-KSHV antibodies in small sample
volumes is a potent tool to address the variability of anti-
KSHV antibody responses.

The Prospective Infant Cohort (PIC) Study enrolled a co-
hort of infants from 2 Kenyan regions with different malaria
transmission intensities [20]. We took advantage of the study’s
longitudinal design and use of the multiplex assay to determine
whether young children with P, falciparum infection were more
susceptible to early KSHV seroconversion.

METHODS

Study Population

Between April and May 2006, 224 children born to human
immunodeficiency virus (HIV)-negative mothers were en-
rolled at approximately 1 month of age and followed to age
2 years. Study methods have been described in detail else-
where [20]. Briefly, children were enrolled from 2 Kenyan
districts with different malaria transmission levels. Nandi

lo

district, referred to throughout as malaria™ district, has un-
stable/low malaria transmission while Kisumu district, fur-
ther referred to as malaria™ district, has stable/high malaria
transmission [20-22].

Informed consent was obtained from mothers or guard-
ians of study participants. Protocol and consent forms were
approved by the Kenya Medical Research Institute (KEMRI),
the State University of New York (SUNY) Upstate Medical
University, and the Colorado Multiple Institutional Review
Board (COMIRB).

Data Collection

Child’s date of birth, sex, and number of other children living
in the home were collected at enrollment. Child’s height/length
(cm), weight (g), and hemoglobin (hg/dL) measures were col-
lected at 12, 18, and 24-month follow-up visits. Child’s height/
length and weight were used to calculate z-scores to determine
stunting (< -2 standard deviations (SD) height-for-age for the
World Health Organization [WHO] child growth standards
median), underweight (< —2 SD weight for age), and wasting
(< -2 SD weight for height) based on 2010 WHO guidelines
[23]. Hemoglobin measures were altitude adjusted [24] and
anemia (yes/no) was defined as adjusted hemoglobin levels
<11.0 g/dL.

Blood was sampled monthly to age 12 months and then
every 3 months to 2 years of age, as described previously [20].
P. falciparum DNA in these samples was measured by quan-
titative polymerase chain reaction (QPCR) as previously de-
scribed [20].

Immunoglobulin G (IgG) antibodies to K8.1 and LANA
(ORF73) were detected in plasma samples using ELISA and
measured as optical density (OD) [25]. Plates included tripli-
cate negative and positive controls. Cutoff values for each plate
were calculated as the average background-subtracted OD of
the negative control plus a constant value of 0.346 (K8.1) or
0.350 (LANA).

Serologic antibodies to 36 KSHV antigens were measured
by bead-based multiplex assay as described [19]. Negative
assay controls included healthy North American adult blood
donors at low risk of KSHV infection. Positive assay con-
trols included North American adults with active or history
of KSHV-associated disease or detectable KSHV DNA in
peripheral blood mononuclear cells (PBMCs). The median
fluorescence intensity (MFI) across beads was computed
for each sample and recorded after subtracting background
fluorescence.

To determine KSHV seroconversion using the multiplex
assay, we started with 9 KSHV antigens (K11, K10.5, K8.1,
K8.1b, ORF38, ORF50, ORF65, ORF72, and ORF73) iden-
tified as good markers of steady-state infection in adults
from Chulaimbo, Kenya, a population sample from the same
source population as in the present study. We modeled rates
of change in the log(MFI) for each KSHV antigen using
piecewise linear mixed effects models with a 6-month spline.
This was chosen based on the well-known decline in ma-
ternal antibodies by 6 months of age. For 5 KSHV antigens
(K8.1, K10.5, ORF38, ORF50, or LANA), we saw significant
decreases in log(MFI) between 1 and 6 months of age, as-
sumed to represent maternal antibodies being lost over time
and consistent with our previous observations in this same
cohort for Epstein-Barr virus and malaria antibodies [20, 22,
26]. MFI values at 6 months of age were taken as the baseline
level for IgG against these 5 identified KSHV antigens. Age of
KSHYV seroconversion was defined as a 5-fold increase in MFI
compared to baseline levels to account for intrachild differ-
ences in antibody levels.

Data Analyses

Children were excluded if they did not have a clinic visit be-
tween 6 and 8 months of age (to act as baseline) and/or fewer
than 3 total visits. Our primary exposure of interest was ma-
laria as measured by qPCR. Among children who ever had a
malaria infection, the malaria annualized rate was calculated
as the number of malaria episodes per person-year. Enrollment
site was treated as an ecological proxy of malaria transmission
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exposure (malaria™ versus malaria®). Secondary exposures
of interest included the child’s sex, number of other children
in the home, hemoglobin levels, anemia, and WHO Z-scores
(stunting, underweight, and wasting).

Time at risk of KSHV seroconversion was defined as months
from baseline (6-8 months) to either KSHV seroconver-
sion, censoring at 24 months of age, or censoring due to loss
to follow-up (LTFU) prior to 24 months of age. Children were
right censored at their last clinic visit with a KSHV result or
24 months of age, whichever came first. KSHV seroconversion
was defined in 3 ways. We included the traditional criteria of
KSHYV seroconversion, a positive ELISA assay (ie, measuring
OD levels of antibodies to K8.1 or LANA over a prespecified
threshold). We also defined KSHV seroconversion as a 5-fold
increase in antibody levels to K8.1 or LANA by multiplex assay,
further referenced as 2Ag-multiplex, and a 5-fold increase in
antibody levels to K8.1, K10.5, ORF38, ORF50, or LANA by
multiplex, further referenced as 5Ag-multiplex assay.

x>, Fisher exact test, Student t tests, and Kaplan-Meier
methods were used to produce univariate statistics, where ap-
propriate. The association between each exposure described
above and time at risk for KSHV seroconversion were modeled
using extended time-dependent Cox proportional hazards re-
gression models. P. falciparum detection by qPCR, hemoglobin
levels, anemia, wasting, stunting, and underweight all had
changing status over time and so were included as lagged time
varying covariates to ensure we modeled exposure changes over
time and also exposure prior to KSHV seroconversion. Other
variables were treated as fixed effects. All models were adjusted
for sex. Enrollment site, number of other children in the home,
hemoglobin, anemia, malaria annualized rate, P. falciparum
detection by qPCR, and WHO Z scores were examined as po-
tential confounders for each model. Covariates were included
in the final model if they were associated with both exposure

and outcome at P value < .2 and changed the final estimate by
>10%. The proportional hazards assumption was tested for
covariates in the final model by plotting Schoenfeld residuals
and comparing the correlation of each covariate’s Schoenfeld
residuals with survival time. If a covariate did not meet the pro-
portional hazards assumption (Pearson correlation coefficient
P value < .05) we stratified by the variable or included an in-
teraction between the covariate and time in the model [27]. All
analyses were conducted using SAS 9.4.

Sensitivity Analyses

Baseline characteristics were compared between children in-
cluded and excluded from our analysis and between children
retained or LTFU using X test.

RESULTS

In this study, we utilized a longitudinal birth cohort study in western
Kenya, the PIC cohort, that followed infants from 1 month of age
to age 2 years. We included 144 study participants (64%) based on
the availability of a sample obtained between 6 and 8 months of
age and 3 or more total visits subsequently (Supplementary Figure
1). More children from the malaria™ region were female and had
stunting at 1 year (Table 1). To evaluate KSHV seroconversion by
24 months of age, we used 3 different criteria. KSHV seroconver-
sion was 19% when measured by detection of antibodies to K8.1
or LANA using ELISA, 31% when measured by detection of anti-
bodies to K8.1 or LANA using multiplex assay (2Ag-multiplex),
and 63% when measured by detection of antibodies to K8.1, K10.5,
ORF38, ORF50, or LANA using multiplex assay (5Ag-multiplex)
(Figure 1). Incidence rates were 1.4 (ELISA), 2.3 (2Ag-multiplex),
and 5.7 (5Ag-multiplex) KSHV seroconversions per 100 person-
months. The overall mean (SD) time to KSHV seroconversion
when measured by ELISA, 2Ag-multiplex, and 5Ag-multiplex was
19.9 (0.4),20.7 (0.4), and 17.9 (0.4) months, respectively.

Table 1. Characteristics of Children Enrolled in the Prospective Infant Cohort Study by Enroliment Region
Characteristic Malaria™ (n = 56) Malaria® (n = 88) PValue
Sex
Female 34 (60.7) 37 (42.0) .03°
Male 22 (39.3) 51 (58.0)
Number of other children in the home
None 15 (26.8) 21 (23.9) .63
1 11 (19.6) 25 (28.4)
2 12 (21.4) 14 (15.9)
3+ 18 (32.1) 28 (31.8)
WHO Z-scores at 12 mo
Stunting 21(38.2) 18 (20.7) .03°
Underweight 6(10.9) 3(3.4) .09
Wasting 0(0.0) 2(2.3) 52
Hemoglobin levels at 12 mo, mean + SD 10.8% 1.4 10.3 % 1.5 .10
Anemia at 12 mo 30 (53.6) 57 (64.8) 18

Data are No. (%) except where indicated. Numbers may not add up to totals because of missing data. All variables had complete data except (% missing data malaria™, malaria®): stunting
at 12 months (3.5%, 2.2%), underweight at 12 months (1.8%, 0.0%), and wasting at 12 months (3.5%, 1.1%)

#Pvalues < .05 considered statistically significant.
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Figure 1. Seroprevalence of KSHV by 24 months of age comparing different definitions of KSHV seroconversion for children enrolled in the Kenyan Prospective Infant

Cohort study. We evaluated plasma samples for KSHV antibodies by either ELISA to measure K8.1 and LANA, or by multiplex bead-based assay for K8.1, LANA, ORF38, ORF50,
and K10.5. Children were considered KSHV seropositive if they had antibodies to the KSHV antigens at any time between 6 and 24 months of age. Abbreviations: ELISA,
enzyme-linked immunosorbent assay; KSHY, Kaposi sarcoma-associated herpesvirus; LANA, latency-associated nuclear antigen.

We first wanted to evaluate if an ecologic measure of ma-
laria would affect age at KSHV seroconversion. As shown
in Figure 2, Kaplan-Meier curves show a higher probability
of KSHV seroconversion by 22 months of age in malaria™ vs
malaria® using both the 2Ag- and 5Ag-multiplex assay. In
addition, there was a significant interaction between enroll-
ment site and time to KSHV seroconversion (2Ag-multiplex P
value = .02, 5Ag-multiplex P value = .01). Children from the
malaria™ region did not have a statistically significant difference
in the hazards of KSHV seroconversion at age 12 or 18 months,
regardless of seroconversion definition. However, by age
24 months, children from the malaria™ region had significantly
higher hazards of becoming KSHV seropositive when meas-
ured by 2Ag-multiplex and 5Ag-multiplex (Table 2). Although
the number of children with available samples at 24 months
of age was small, we saw similar associations between enroll-
ment site and time to KSHV seroconversion at 22 months of
age, which was significant for 5Ag-multiplex (adjusted hazard
ratio = 2.5; 95% confidence interval, 1.2-5.2; P = .02). These es-
timates did not differ when stratified by any versus no signif-
icant antibody loss from baseline to 6 months (all interaction
term P values > .05).

We next evaluated whether detection of any malaria infection
as indicated by detection of P. falciparum DNA in peripheral

blood samples was associated with risk of KSHV seroconver-
sion. Children with P. falciparum infection had significantly
higher hazards of seroconversion, defined by 2Ag-multiplex.
Among children with any P. falciparum detection, there was a
significant increase in the adjusted hazard of becoming KSHV
seropositive for each additional P. falciparum detection per
person-year (Table 2). Estimates of the association between
P falciparum detection and KSHV seroconversion were not
significantly different when stratified by whether a child had
any versus no significant decline in antibodies from birth to
6 months (all interaction term P values > .05).

Female children were more likely to become KSHV seroposi-
tive earlier as defined by 5Ag-multiplex. Children with stunting
had an increased hazard of becoming KSHV seropositive by
2Ag-multiplex, while underweight children had an increased
hazard of becoming KSHV seropositive when measured by
ELISA and 5Ag-multiplex but these differences were not sta-
tistically significant at the .05 level (Table 2). Too few children
were defined as wasting to be included in analyses.

We compared characteristics of children included and ex-
cluded from our analysis and found a higher percentage from
the malaria™ region were excluded (Supplementary Table 1).
LTFU ranged from 19% to 40%, depending on KSHV sero-
conversion definition. Children LTFU were significantly more
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Figure 2. Kaplan-Meier curves comparing probabilities of KSHV seroconversion up to 24 months of age by enroliment sites (malaria™ vs malaria®) or different KSHV sero-
conversion definitions. Time at risk of KSHV seroconversion began at 6 months of age. Seroconversion by ELISA (A) was defined as detection of K8.1 or LANA. Seraconversion
by multiplex (B and C) was defined as a 5-fold increase in any of the defined antibodies compared to antibody levels at 6 months of age, which was treated as baseline.
Abbreviations: ELISA, enzyme-linked immunosorbent assay; KSHV, Kaposi sarcoma-associated herpesvirus; LANA, latency-associated nuclear antigen.

likely to have no other children at home (5Ag-multiplex)

(Supplementary Table 2).

DISCUSSION

In this study, we found that children with malaria infection and

children from regions with higher malaria transmission were

more likely to seroconvert for KSHV by 24 months of age. Our

results support a model where malaria infection results in early
age of KSHYV infection. Earlier age of KSHV seroconversion has
been associated with higher anti-KSHV IgG blood levels [28],
which in turn has been associated with increased KS risk [29].
In areas endemic for both KSHV and malaria, malaria infec-
tion, by promoting earlier infection with KSHV and leading to
poor lifetime viral control, may be driving increased KS§ risk.
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Malaria detection by qPCR, and among those with detectable
malaria, increasing malaria annualized rate, led to increased haz-
ards of KSHV seroconversion. This supports similar associations
between malaria parasitemia or high malaria antibody titers and
KSHYV seropositivity in Ugandan adults [8-11] and children [7,
10] and high malaria antibody levels with KSHV seropositivity
in older Kenyan children [30]. Our results agree with Ugandan
studies that reported associations between increasing antibody
levels to K8.1 and LANA and rapid diagnostic test-confirmed
malaria [11] and, among KSHV-positive children and adults,
increasing PBMC KSHV DNA levels with rapid diagnostic test-
confirmed malaria [12]. A study of Brazilian non-Amerindians
also reported increased odds of being KSHV seropositive among
individuals reporting more than 2 malaria episodes [31].

Studies that relied on self-report of malaria did not find an
association for KSHV primary infection [14], KSHV antibody
titers over time following primary infection [16], nor detection
of KSHV DNA in saliva or bufty coat [32]. However, because
these studies relied on self-report of malaria, they likely under-
estimated rates of malaria in their respective study popula-
tions by only capturing symptomatic malaria. For example, in
Kenyan children and adults, over 90% of malaria infections de-
tected by PCR were asymptomatic [33]. In addition, by relying
on caretaker and self-report rather than laboratory-based diag-
nosis, fevers unrelated to malaria may be attributed to malaria
and less severe malaria episodes may not have been reported.
By using qPCR, a more sensitive measure of P. falciparum expo-
sure, both symptomatic and asymptomatic infections were cap-
tured in our analyses. Use of antimalarial antibodies to evaluate
malaria only measures past exposure and cannot provide a tem-
poral relationship between KSHV and P. falciparum infections.

How malaria affects KSHV seroconversion is unknown, but
the parasite’s innate ability to alter the immune response may
increase overall susceptibility to KSHV infection after expo-
sure [34, 35]. P. falciparum, the primary agent of malaria in
sub-Saharan Africa, leads to macrophage and dendritic cell dys-
function, reducing innate immunity responses [36]. Parasitic
infections are known to shift the immune system towards a Th2
response [37], which in turn promotes gammaherpesvirus reac-
tivation [10, 38]. Malaria can result in severe anemia, inducing
hypoxia, a deficiency associated with KSHV reactivation and
KS disease [13, 39], although we saw no association between
anemia and KSHV seroconversion in this study. More research
is needed to define the biological mechanisms that underlie the
relationship between P. falciparum infection and KSHV.

Children in our cohort were more likely to seroconvert to
KSHYV if they were stunted or underweight based on WHO
Z-scores, although underweight was not statistically signifi-
cant at the P <.05 level. Both stunting and underweight are
measures of undernutrition. Children who are undernourished
are more likely to die from common infections, and malnutri-
tion leads to both innate and adaptive immunity deficiencies

[40-42], which may make children more susceptible to KSHV in-
fection. Nutrition should be considered in the future as a poten-
tial component of primary KSHV infection and viral reactivation.

We found up to 63% KSHV seroprevalence by 24 months of
age when measured by 5Ag-multiplex assay. Previous measures
of seroprevalence among children by 2 years of age ranged from
16% in Uganda [43] using only K8.1 ELISA to 30% in Zambia
using a monoclonal antibody enhanced immunofluorescent assay
[44]. The increased sensitivity and dynamic range of the multi-
plex bead-based assay is one possible reason for the higher KSHV
seroprevalence in our study population. In addition, our longitu-
dinal design allowed us to measure KSHV antibodies across time.
Several studies have shown that anti-KSHV antibodies fluctuate
over time in an individual, sometimes to the point where they
are no longer detectable [15-17]. By measuring anti-KSHV anti-
bodies at multiple time points for each study participant, we were
able to more accurately define the time of KSHV seroconversion.

While K8.1 and LANA are well-known markers of KS disease,
and therefore KSHV infection, relying on only 2 of over 85 KSHV
antigens to detect infection could underestimate seroconversion.
We did not have data on detection of KSHV DNA and so relied
on KSHYV serology to define seroconversion. To determine KSHV
seroconversion, we employed the multiplex bead-based assay,
which has a larger dynamic range than ELISA and allowed us to
look at a wider breadth of antibodies to KSHV proteins. A chal-
lenge in our study design was that the algorithm for determining
multiplex assay cutoffs for seroconversion has yet to be defined.
We worked with existing samples to select a number of KSHV
proteins that appeared to be the best candidates for markers of
primary infection and used a threshold of a 5-fold increase in an-
tibody titers from 6 months of age, to define seroconversion. We
choose a 6 months of age baseline for setting our cutoft so that
our assay would not be confounded by the presence of passively
transferred maternal KSHV antibodies. Maternal antibodies have
been found to be detectable in infants of KSHV-positive mothers
up to 6 months of age [45]. While serology status of the mothers
in our study was unknown as we enrolled only infants in this
study, we have found that almost 90% of pregnant women in this
region were KSHV seropositive [46] and so assume maternal
antibodies exist in the majority of included children.

Our study had several limitations. To be enrolled, mothers
of included children had to present to the study clinic and may
have differed from mothers who either did not present or re-
fused enrollment. Children had to stay in the study for at least
3 clinic visits after they reached 6 months of age. As a conse-
quence, our final analyses excluded a number of the enrolled
children, which may reduce the generalizability of our results.
However, we did not find significant differences between indi-
viduals included or excluded in our analyses. We did not have
information on maternal KSHV infection, family behaviors (eg,
food sharing), or whether the child had other parasitic infec-
tions, all important potential confounders of the relationship
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between malaria and KSHV seroprevalence. LTFU is a con-
cern if children who drop out of the study are different from
those that stay with regards to the outcome of interest. However,
we saw no relevant differences in baseline characteristics for
children retained or LTFU.

In summary, our data suggest malaria infection in the first
2 years of life is a driver of KSHV seroconversion in young
sub-Saharan Africa children, and that primary KSHV infection
is occurring at earlier ages than previously detected. Our findings
highlight the importance of using sophisticated and dynamic
techniques to explore KSHV seroconversion in the youngest
populations in sub-Saharan Africa. Forthcoming research will
need to determine the biological mechanism of interaction be-
tween P, falciparum and KSHYV, as well as focus on primary in-
fection in a younger subpopulation. Findings from these future
studies will provide a base to work towards prevention of KSHV
infection and subsequent KS disease in sub-Saharan Africa.
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