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Background. We identified whether maternal human immunodeficiency virus (HIV) infection during pregnancy affects 
transplacental transfer of Kaposi sarcoma-associated herpesvirus (KSHV)-specific antibodies and subsequent infant infection.

Methods. We followed pregnant Kenyan women through delivery and their infants until age 2 years. Children were classified as 
HIV-exposed uninfected (HEU) or HIV-unexposed uninfected (HUU) based on maternal HIV status. Maternal venous and cord 
blood at delivery and child venous blood every 6 months were tested for antibodies to 20 KSHV antigens by multiplex bead-based 
immunoassay. Multiple comparisons were adjusted using false discovery rate (FDR).

Results. Maternal HIV infection was significantly associated with decreased transplacental transfer of antibodies against all 
KSHV antigens and lower cord blood levels for 8 antigens at FDR P < .10. Neither birth to 6-month antibody level changes nor 
6-month levels differed in HEU and HUU, except for ORF50. By age 24 months, 74% of children KSHV seroconverted but 
HEU and HUU did not differ in time to seroconversion nor 2-year seropositivity after adjustment for child malaria infection.

Conclusions. Maternal HIV infection reduced a child’s initial KSHV antibody levels but did not affect age of infection. 
Regardless of HIV exposure in utero, KSHV seroconversion in Kenyan children occurred early; associated factors must be 
identified.
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In sub-Saharan Africa, seroprevalence of Kaposi sarcoma- 
associated herpesvirus (KSHV), the causative agent of Kaposi 
sarcoma (KS), is high and KSHV infection occurs early during 
childhood [1–3]. The factors leading to early KSHV seroconver
sion in KSHV endemic regions have yet to be adequately identi
fied and are likely to be multifactorial. In a region that also has 
high human immunodeficiency virus (HIV) seroprevalence, 
childhood HIV infection has been associated with increased like
lihood and earlier age of KSHV seroconversion [1, 4, 5], and 
some studies have found that children of women with HIV/ 

AIDS (WHA) are more likely to be KSHV seropositive [4–6]. 
However, the role of exposure to HIV infection during pregnan
cy on the transplacental transfer of KSHV specific antibodies and 
subsequent susceptibility to KSHV infection in infants remains 
undefined.

Access to highly effective antiretroviral therapy (ART) com
bined with interventions to prevent mother-to-child HIV 
transmission has significantly reduced horizontal HIV transfer 
[7]. However, children born to WHA but not themselves infect
ed have been reported to be more likely to have infection- 
related and noninfection-related illnesses [8–10], increased 
risk of hospitalization [11, 12], and increased rates of mortality 
[13–15], primarily at very early ages compared to HIV unex
posed and uninfected children. Poorer health outcomes may 
be the result of a disrupted immune system due to increased in
fection exposures, fetal ART exposure, poor maternal health, or 
a variety of other environmental and biological factors, but the 
reasons remain unclear.

In the third trimester of pregnancy maternally derived immu
noglobulin G (IgG) antibodies are transported across the placen
ta to provide passive humoral immunity in infants. For several 
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infectious agents, the transplacental transfer of protective anti
bodies is reduced in pregnant WHA [16–25], thus increasing 
an infant’s risk of early infection. Whether HIV infection during 
pregnancy reduces transplacental transfer of anti-KSHV–specific 
antibodies has not yet been reported. Studies of the impact 
of maternal HIV status on the risk of KSHV seroconversion in 
children in sub-Saharan Africa have reported mixed results. In 
Uganda, children of WHA were at a moderately increased prob
ability of being KSHV seropositive [5]. However, studies based in 
Zambia and South Africa reported no associations between child 
KSHV serostatus and the mother’s HIV status [1, 4, 26], nor by 
maternal exposure to ART [27]. To prevent early KSHV infection 
and reduce future KS risk, it is critical to identify factors that 
make children susceptible to KSHV.

Kisumu County in Kenya has a high prevalence of HIV (20% 
[7]) resulting in a large number of children born to WHA. This 
area also has one of the highest KSHV seroprevalences, with up 
to 80% in adults [28] and with 63% of children KSHV serocon
verting by age 2 years [2]. We utilized data from a mother-child 
cohort based in a rural region of Kisumu County to identify 
whether maternal HIV infection reduces anti-KSHV antibody 
transplacental transfer, and leads to faster decay of maternally 
acquired anti-KSHV antibodies and earlier age of child KSHV 
seroconversion.

METHODS

Study Population

From 2011 to 2015, 370 pregnant women residing within 
10 km of the Chulaimbo County Hospital, which serves pre
dominately rural populations of Kisumu County, were enrolled 
at their first antenatal clinic and followed through pregnancy to 
delivery. WHA were enrolled through the Academic Model 
Providing Access to Healthcare site. Infants were prospectively 
followed through 24 months of age (Figure 1). We asked that 
children be brought to the study clinic whenever ill, where 
they received a medical examination and treatment. The meth
ods have been described elsewhere [29, 30]. Written informed 
consent was obtained from all enrolled women. Protocol and 
consent forms were approved by the Scientific and Ethical 
Review Unit (SERU) at the Kenya Medical Research 
Institute (KEMRI), Colorado Multiple Institutional Review 
Board, University Hospitals Cleveland Medical Center 
Institutional Review Board, and SUNY Upstate Medical 
University.

Maternal and Child HIV Status

All women were tested for HIV at enrollment. Newly diag
nosed HIV positive women were considered ART naive, while 
women with known HIV infection were considered ART ex
perienced. Children were considered HIV negative and iden
tified as HIV exposed uninfected (HEU) or HIV unexposed 

uninfected (HUU) based on maternal HIV status. All women 
who tested HIV positive and their infants received care and 
treatment. All WHA were given ART, and HEU infants 
were given cotrimoxazole based on Kenya Ministry of 
Health guidelines.

Sample Collection

Women provided 2–4 mL of venous blood at enrollment and 
within 12 hours of delivery (Figure 1). Cord blood was collect
ed from the umbilical vein from the placental unit after delivery 
as previously described [31]. EDTA venous blood samples were 
collected from children at 6, 12, 18, and 24-month follow-up 
visits. Plasma was collected from whole blood and peripheral 
blood mononuclear cells (PBMCs) were separated over 
Ficol-Hypaque. Oral fluid samples were collected from women 
at 6 and 10 weeks postdelivery as described elsewhere [32]. All 
samples were stored at −80°C until analysis.

KSHV Antibody Testing

Maternal and child venous and infant cord blood samples were 
tested for IgG antibodies to 20 KSHV antigens (K8.1, ORF73, K3, 
K5, K10.5, K11, ORF6, ORF11, ORF25, ORF33, ORF37, ORF38, 
ORF50, ORF52, ORF55, ORF59, ORF61, ORF63, ORF65, 
ORF72) using a multiplex bead-based immunoassay as previous
ly described [33]. These antigens were chosen based on the fre
quency of responses in diverse populations including those in 
sub-Saharan Africa, healthy donors, people with HIV, and pa
tients with KSHV-associated disease. The median fluorescence 
intensity (MFI) across all counted beads was computed and re
corded after subtracting background fluorescence. Cutoff values 
for each antigen were identified by receiver operating curve 
(ROC) analysis using the negative control sera on each plate as 
previously described [33]. Negative control sera were selected 
from healthy US-based blood donors considered at very low 
risk who also tested negative for KSHV by enzyme-linked immu
nosorbent assay (ELISA). Positive assay controls were sampled 
from US-based adult patients with active or history of 
KSHV-associated disease or detectable KSHV DNA in PBMCs. 
KSHV seropositivity was defined as detection of antibody to 
any of the 20 defined KSHV proteins above the specified cutoff 
in child venous blood samples taken at 12, 18, or 24 months. 
Samples collected at 6 months were excluded to prevent detec
tion of maternal antibodies to KSHV. By 12 months, children 
were assumed to have no residual maternal anti-KSHV antibod
ies and anti-KSHV antibody detection was considered a serocon
version event.

Measurement of KSHV DNA and Viral Load Testing in Oral Fluid

NucleoSpin DNA RapidLyse (Takara) was used to extract DNA 
from oral fluid according to manufacturer instructions. 
NanoDrop 2000 spectrophotometer (Thermo Scientific) was 
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used to assess DNA purity and quantity. KSHV DNA was de
tected and quantified by quantitative polymerase chain reaction 
(qPCR) [34]. KSHV load was expressed as copies/mL of DNA 
and was log-transformed. KSHV shedding was defined as de
tection of KSHV DNA in oral fluids.

Statistical Analysis

We used t tests to compare log-transformed levels of (1) 
maternal antibody at delivery, (2) cord blood antibody, and 
(3) 6-month child antibody by maternal HIV status. χ2 

was used to compare proportions of women with KSHV oral 
shedding at 6 weeks postdelivery by HIV status and the 
Mann-Whitney U test was used to compare the median log- 
copies of KSHV found in oral fluid of KSHV shedders. We 
modeled (1) anti-KSHV antibody transplacental transfer (de
fined as the log ratio of cord-to-maternal antibody levels), 
and (2) loss of maternally acquired antibodies (defined as the 
log ratio of 6-month venous-to-cord blood antibody levels) in 
HEU versus HUU by multiple linear regression. KSHV seropo
sitivity by 24 months was compared in HEU versus HUU by 
multiple logistic regression. P values were adjusted for multiple 
comparisons using false discovery rate (FDR). Time to KSHV 
seroconversion was defined as the age in months to first detec
tion of any anti-KSHV antibody. Children were right censored 
at their last clinic visit with completed serology or at the end of 
the study, which was at 24 months of age, whichever came first. 
Outcomes were defined as KSHV seroconversion, no KSHV se
roconversion, or loss to follow-up. Cox proportional hazards 
regression was used to model time at risk for KSHV serocon
version for HEU versus HUU children.

Potential confounders included maternal age at enrollment, 
education, parity, bed net use, Plasmodium falciparum infec
tion (confirmed by qPCR or blood smear), or helminth infec
tion during pregnancy, gestational age; and child sex, 
birthweight, P. falciparum infection (confirmed by qPCR), or 
sickness based on clinic visits. Child malnutrition measures 
of wasting, underweight, and stunting were defined by World 
Health Organization (WHO) Z-scores calculated using the 

WHO Anthro Survey Analyser [35]. All analyses were complet
ed using SAS 9.4 (SAS Institute, Inc).

RESULTS

Participant Characteristics

Of the 369 enrolled women with complete serology, 356 (96%) 
were KSHV seropositive. These included 99 of 104 (95%) wom
en with and 257 of 265 (97%) without HIV. Included in analy
ses were 253 infants delivered at the study hospital with 
matching cord and maternal venous blood samples or with a 
venous blood sample from at least 1 follow-up visit. Not all chil
dren had samples taken at every time point and so numbers 
varied for each analysis based on sample availability. WHA 
were older, more likely to be married, multiparous, to use a 
bed net during pregnancy, and were less likely to have a con
firmed worm or P. falciparum infection during pregnancy com
pared to women without HIV (Table 1).

Among the 170 children with a follow-up visit between age 
12 and 24 months there was no difference in the number of reg
ularly scheduled visits attended (Table 1). However, HEU chil
dren were less likely to present to the study clinic while sick, 
present with a current or past fever, and had fewer sick visits 
on average. All children had at least 1 blood sample tested by 
qPCR for P. falciparum infection. However, HEU children 
had fewer samples tested and the likelihood of ever having 
P. falciparum detected by qPCR was lower than for HUU chil
dren. There was no difference in the 2 groups with regards to 
child WHO Z-scores, except that HEU were less likely to 
have had any stunting.

Maternal HIV Infection and Transplacental Transfer of Anti-KSHV 
Antibodies

There were 169 mother-child pairs of KSHV-seropositive 
mothers with matched maternal venous and cord blood at de
livery. Maternal anti-KSHV antibody levels at delivery did not 
differ by maternal HIV status except for antibodies against 
ORF50, which were significantly lower in women with versus 
without HIV (mean log-transformed MFI, 2.59 [SD 0.46] and 
2.92 [SD 0.57], respectively; FDR P = .010) (Supplementary 

Figure 1. Scheduled visit and sample collection schedule for mother-child pairs enrolled in the study.
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Table 1). In women with compared to without HIV infection, 
we found statistically significant lower cord-to-maternal anti
body level ratios (CMR) for all but 2 anti-KSHV antibodies 
(K11 and ORF65), which had marginally lower CMRs 
(Figure 2).

Among WHA, maternal antibody levels at delivery were not 
statistically different by ART status (naive vs experienced) 
(Supplementary Table 2). No differences were seen in the 
CMR of anti-KSHV antibodies by ART status, except the 
CMR of anti-K5 antibodies was higher in ART naive compared 
to ART experienced women (Supplementary Table 3).

Maternal HIV Infection and Loss of Maternally Acquired Antibodies From 
Birth to Age 6 Months

Paired cord and 6-month venous blood were available for 138 
children. Overall, cord blood antibody levels were significantly 
lower in HEU versus HUU children for K5, ORF50, ORF61, 
and ORF72, and marginally lower for ORF63, ORF38, K3, 
and K11 (Figure 3). By age 6 months there were no statistically 
significant differences in anti-KSHV antibody levels for HEU 
versus HUU children (all FDR P = .999). The change in anti
body levels from birth to age 6 months, measured as the log- 
ratio of 6-month venous blood-to-cord blood levels did not dif
fer in children based on their mother’s HIV status, except HEU 
children had a less drastic decrease in anti-ORF50 antibody lev
els from birth to age 6 months (Figure 4).

Among HEU, cord blood levels of anti-ORF50 were higher 
in children whose mothers were ART naive versus ART expe
rienced (mean log-transformed MFI, 2.63 [SD 0.45] and 2.21 
[SD 0.34], respectively; FDR P = .020) but not for other anti
bodies and no differences in antibody levels at 6 months of 
age by maternal ART status were seen (Supplementary 
Table 4). Maternal ART status was not associated with changes 
in child anti-KSHV antibodies from delivery to age 6 months 
(Supplementary Table 5).

Maternal HIV Infection and Age of KSHV Seroconversion

Of 170 children with at least 1 follow-up between 12 and 24 
months of age, 125 (74%) seroconverted for KSHV by 24 
months, 23 (14%) did not seroconvert, and 22 (13%) were 
lost to follow-up. Antibodies against only 1 antigen were de
tected in 50% of KSHV seroconverters, 2 antigens in 17%, 3 an
tigens in 10%, 4–9 antigens in 21%, and 13–15 antigens in the 
remaining 2% (Supplementary Figure 1). The most commonly 
detected antibodies were against ORF37, ORF33, ORF52, 
ORF61, and K11. Overall KSHV seropositivity by 24 months 
was significantly lower in HEU children (64%) than HUU chil
dren (79%) (P = .034) (Figure 5A). HEU children were signifi
cantly less likely to be KSHV seropositive than HUU children 
(odds ratio [OR], 0.47; 95% confidence interval [CI], 0.23– 
0.94; P = .033). However, this association was no longer statisti
cally significant after adjustment for child P. falciparum infec
tion detected by qPCR (adjusted OR, 0.60; 95% CI, 0.29–1.25; 
P = .174). We also found no difference in the time to KSHV se
roconversion in HEU versus HUU children after adjustment 
for child P. falciparum infection (adjusted hazard ratio 0.98; 
95% CI, 0.66–1.47; P = .980) (Figure 5B). Among HEU children 

Table 1. Maternal and Newborn Characteristics for Maternal-Child Pairs

Characteristics
Women With 

HIV
Women Without 

HIV

Maternal

Total n = 85 n = 168

Age in years, mean (SD) 27.8 (6.0) 21.8 (5.9)

Tribe, Luo vs other 83 (97.6) 163 (98.2)

Marital status, married vs not 66 (77.6) 106 (63.9)

Education, upper primary school or higher 
vs lower primary school or lower

73 (85.9) 143 (86.1)

Gravidity

Nulliparous 9 (10.6) 72 (43.4)

Primiparous 23 (27.1) 54 (32.5)

Multiparous 53 (62.4) 41 (24.7)

Bed net used during pregnancy, yes vs no 77 (90.6) 120 (72.3)

Insecticide-treated bed nets,  
yes vs no

55 (64.7) 109 (65.7)

Any worm infection during pregnancy,  
yes vs no

28 (32.9) 91 (54.8)

Any P. falciparum infection during 
pregnancy by qPCR or blood smear,  
yes vs no

33 (38.8) 109 (65.7)

KSHV seropositive, yes vs no 82 (96.5) 165 (98.2)

Neonate

Total HEU (n = 85) HUU (n = 168)

Sex, female vs male 41 (48.2) 82 (48.8)

Birthweight, mean (SD) 3209 (538) 3156 (460)

Low birthweight, <2500 g vs 2500+ g 6 (7.9) 9 (6.1)

Gestational age, mean (SD) 38 (3.8) 38.5 (3.6)

Preterm, <38 wk vs 38+ wk gestational 
age

31 (36.9) 60 (36.1)

Child

Total HEU (n = 61) HUU (n = 109)

Number of regularly scheduled visits, 
mean (SD)

8.0 (1.8) 7.8 (2.0)

Ever came for a sick visit, yes vs no 56 (91.8) 108 (99.1)

Number of sick visits, mean (SD) 4.5 (3.5) 6.8 (4.0)

Child ever had a fever, yes vs noa 52 (85.2) 107 (98.2)

Number of visits with P. falciparum 
qPCR completed, mean (SD)

4.8 (2.2) 5.6 (2.0)

Any P. falciparum infection by qPCR,  
yes vs no

13 (21.3) 42 (38.5)

WHO Z-scoreb

Wasting, weight-for-height < −2 SD 10 (16.4) 17 (15.6)

Underweight, weight-for-age < −2 SD 16 (26.2) 29 (26.6)

Stunting, height-for-age < −2 SD 48 (78.7) 103 (94.5)

Data are No. (%) unless otherwise specified. All variables missing <2% except birthweight 
(HUU n = 20, HEU n = 9).   

Abbreviations: HEU, HIV-exposed uninfected; HIV, human immunodeficiency virus; HUU, 
HIV-unexposed uninfected; KSHV, Kaposi sarcoma-associated herpesvirus; qPCR, 
quantitative polymerase chain reaction; WHO, World Health Organization.  
aEver fever included clinical presentation with temperature >38°C or caregiver report of a 
fever within 2 days of clinical presentation.  
bWHO Z-scores were calculated using the WHO Anthro Survey Analyser.
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(n = 35), maternal ART status was not significantly associated 
with overall KSHV seropositivity nor time to KSHV 
seroconversion.

Maternal HIV Infection and Maternal KSHV Shedding in Oral Fluids

There was no difference in the prevalence of KSHV oral fluid 
shedding for women with and without HIV (19/65 [29%] vs 
40/126 [32%]; P = .722). Among KSHV shedders, WHA had 
lower median oral viral load (median, 3.5 log-copies; interquar
tile range [IQR], 3.4–5.8 and median, 4.7 log-copies; IQR, 3.6– 
5.3; P = .038). Among WHA, ART status was not associated 
with KSHV shedding.

DISCUSSION

We found that the transplacental transfer of anti-KSHV anti
bodies was reduced in HEU infants, suggesting lowered protec
tion for infants against KSHV seroconversion early in life. 
However, these differences in anti-KSHV antibody levels disap
peared by the time the infants were 6 months of age. We found 
no difference in the age of KSHV seroconversion for infants 
born to women with and without HIV infection, but did find 
that a larger proportion of children born to women without 

HIV infection were KSHV seropositive by 24 months in crude 
analysis. However, the relationship between HIV exposure and 
KSHV seropositivity was attenuated after adjusting for child
hood P. falciparum infection, suggesting a confounding effect 
of malaria on HIV and KSHV seroconversion in this cohort.

We found that WHA had reduced transfer of anti-KSHV an
tibodies to their infants, potentially reducing an infant’s first 
line of defense against early infection. HIV infection during 
pregnancy has been associated with reduced transplacental 
transfer of antibodies for several other antigens including 
Streptococcus pneumoniae, Haemophilus influenzae type b, 
group B Streptococcus, tetanus toxoid, pertussis, measles, polio, 
varicella zoster virus, malaria, and others [16–25]. The mecha
nism behind this is unknown but may result from an increased 
likelihood of hypergammaglobulinemia in WHA, leading to 
saturation of placental neonatal Fc receptors (FcRn). 
Receptor saturation reduces the ability of further binding of an
tibodies to FcRn, which could prevent transport of anti-KSHV– 
specific IgG across the placental barrier [19, 36]. The mecha
nisms leading to reduced transplacental KSHV antibody trans
fer in WHA require further study.

Although HEU neonates began life with lower anti-KSHV 
antibody levels than HUU neonates, we did not observe 

Figure 2. Comparison of transplacental transfer of anti-KSHV antibodies, measured by log-transformed CMR in mother-child pairs of women with HIV compared to women 
without HIV. All P values are multiple comparison adjusted using false discovery rate. Adjusted models include maternal age, any worm infection during pregnancy, and any 
Plasmodium falciparum infection (by qPCR or blood smear) during pregnancy. *P < .05 considered statistically significant. Abbreviations: CMR, cord-to-maternal ratio; HIV, 
human immunodeficiency virus; KSHV, Kaposi sarcoma-associated herpesvirus; qPCR, quantitative polymerase chain reaction.
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differences in overall anti-KSHV antibody levels by 6 months of 
age, and there was no difference in the time to KSHV serocon
version. Our results contrast a Ugandan study, which reported 
moderate increases in children being KSHV seropositive at 4–5 
years of age, if their mothers were with versus without HIV [5]. 
However, our finding is in agreement with 2 studies of children 
in Zambia that found no association between maternal HIV 
and KSHV seroconversion in children up to 4 years old [1, 
26]. Two additional studies of Zambian children also reported 
no association between maternal HIV infection and KSHV se
ropositivity in 12-month-old infants [4, 37]. Finally, a South 
African study of children ranging from 1.6 to 16 years old re
ported that maternal HIV infection was not associated with 
KSHV seropositivity after adjustment for maternal age and 
child HIV status [38]. All but one of these studies were con
ducted prior to ART rollout in the relevant country and that 
study had not collected data on maternal ART use. We were 
able to collect ART status on a subset of WHA. We did not 
find associations between maternal or infant anti-KSHV anti
body levels nor time to a child’s KSHV seroconversion based 
on maternal ART use, except higher levels of ORF50 were 
found in the cord blood of HEU born to ART-naive women, 
but this may be due to small sample size. However, our results 
are consistent with a Zambian study of children followed 
through age 12 months that reported no association between 
the maternal ART status and time to the child’s KSHV serocon
version [27].

All WHA were provided with ART and regular care. 
Maternal health and access to care have been posited as poten
tial factors associated with poorer health outcomes reported in 
HEU children. However, in our cohort, WHA were less likely to 
have a worm or P. falciparum infection identified during preg
nancy. In addition, HEU children were less likely to have a sick 
visit for any reason, have a P. falciparum infection, or have a fe
ver reported, suggesting they were healthier than their HUU 
counterparts. This may have been due to the regular care re
ceived by WHA and their children through HIV clinics at no 
or minimal cost in Kenya. Increased access to care may be lead
ing to improved health in HEU and delayed KSHV seroconver
sion. HEU children also received co-trimoxazole prophylaxis, 
according to Kenyan Ministry of Health guidelines, which is ef
fective as a malaria prophylaxis [39] and may account for the 
reduced number of sick visits, specifically those due to malaria, 
seen in this group. In crude analyses we identified an increased 
probability of being KSHV seropositive by 2 years of age in 
HUU compared to HEU children but the association disap
peared after adjusting for childhood P. falciparum infection. 
It is possible that acute malaria infection leads to an artefactual 
KSHV serological response due to transient nonspecific in
creases in antibody levels, as it has been shown to do with other 
assays/antigens. However, if the detection of anti-KSHV anti
bodies is due to reactivation of class-switched B cells stimulated 
by copathogens or other conditions that are not KSHV, this 
means that KSHV infection may be occurring earlier than we 

Figure 3. Comparison of anti-KSHV antibody levels in cord blood and in child venous blood at 6 months of age for HEU compared to HUU children with paired samples 
(n = 138). All P values are multiple comparison adjusted using false discovery rate. *P < .05 considered statistically significant. Abbreviations: HEU, HIV exposed uninfected; 
HIV, human immunodeficiency virus; HUU, HIV unexposed uninfected; KSHV, Kaposi sarcoma-associated herpesvirus; MFI, median fluorescent intensity.
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are detecting by seroconversion. Our group has previously re
ported an association between malaria and KSHV seroconver
sion in a different cohort of Kenyan infants [2], which will 
require further exploration.

Regardless of maternal HIV status, HEU and HUU children 
may have had similar probabilities of KSHV seroconversion be
cause they have similar likelihoods of exposure to KSHV. 
Maternal KSHV serostatus has been found to be predictive of 
child’s seropositivity, suggesting mothers are an important 
source of household KSHV transmission [5, 6, 40, 41]. We 
found no difference in maternal KSHV seropositivity, and 
among KSHV-seropositive mothers, no difference in KSHV 
oral shedding by maternal HIV status. This contrasts with pre
vious studies that reported that KSHV DNA was more com
monly found in the oral fluid of individuals with HIV 
[42, 43] but is consistent with others reporting no relationship 
between HIV status and KSHV shedding [44–46]. KSHV shed
ding results from viral reactivation and, although the exact 
mechanisms are unknown, overall immune competency and 
health are believed to be predictive factors. Therefore, im
proved access to care and access to ART leads to better overall 
health in WHA, thus reducing the likelihood of KSHV oral 

shedding and so creating a similar likelihood of KSHV expo
sure in children of women with and without HIV infection. 
It is also possible that the effects of reduced KSHV antibody 
transfer due to maternal HIV infection has no residual effects 
on a child’s immune response to KSHV.

We were able to leverage the longitudinal design of this 
mother-child cohort to identify the effects of maternal HIV in
fection on early susceptibility to KSHV infection. However, de
tection of KSHV DNA in PBMCs was not performed and so we 
were unable to compare viral detection directly to serological 
responses. We did not collect information on maternal CD4 
counts, HIV viral loads, or factors relating to breastfeeding, al
though mothers are encouraged to exclusively breastfeed for 
the first 6 months, according to Kenyan Ministry of Health pol
icy. Breast milk is an unlikely source of KSHV transmission [40, 
44] but may confer protection against KSHV seroconversion 
that should be examined in future studies.

In rural Kenya, KSHV seroconversion is occurring early in 
childhood. In a region with high KSHV seroprevalence and 
HIV incidence it is paramount that we identify the factors pro
moting early KSHV infection. Although maternal HIV appears 
to affect passive humoral immunity against KSHV, it would 

Figure 4. Comparison of changes in anti-KSHV antibodies from birth to 6 months of age, measured by child 6-month venous-to-cord blood antibody ratio for HEU compared 
to HUU children with paired samples (n = 138). All P values are multiple comparison adjusted using false discovery rate. Adjusted models include bed net use during preg
nancy, any worm infection during pregnancy, any Plasmodium falciparum infection during pregnancy (by qPCR or blood smear), if infant ever had a fever (self-reported or 
measured), proportion of visits with blood samples tested for P. falciparum by qPCR that were P. falciparum positive, and proportion of total visits where child was sick. 
*P < .05 considered statistically significant. Abbreviations: HEU, HIV exposed uninfected; HIV, human immunodeficiency virus; HUU, HIV unexposed uninfected; KSHV, 
Kaposi sarcoma-associated herpesvirus; qPCR, quantitative polymerase chain reaction.
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seem that HIV prevention and care programs are working in 
Kenya and as a result are potentially providing secondary pro
tection against KSHV infection. Future work should confirm 
whether our findings hold true in other sub-Saharan African 
countries. In addition, the biological and environmental factors 
associated with KSHV infection need to be identified in more 
detail for the development of preventive measures.
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Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy
edited and are the sole responsibility of the authors, so ques
tions or comments should be addressed to the corresponding 
author.

Notes

Acknowledgments. We acknowledge our field staff, as well as 
all the study participants, without whom this work would not 
have been possible. This work was published with the permis
sion of the Kenya Medical Research Institute (KEMRI) 
Director.

Data availability. The data from the parent study is still un
der analysis and will be released publicly when analyses have 
been completed.

Disclaimer. The funders had no role in study design, data 
collection, or interpretation of the data. The content of this 
manuscript is solely the responsibility of the authors and 
does not necessarily represent the official views of NCI or NIH.

Financial support. This work was supported by the National 
Cancer Institute (NCI) at the National Institutes of Health 
(NIH) (grant numbers RO1CA102667 and R01CA239588 to 
R. R.); the Thrasher Research Fund (to K. R. S.); and with 
federal funds from the NCI, NIH (contract numbers 
HHSN261201500003I and 75N91019D00024 to D. W.).

Potential conflicts of interest. All authors: No reported con
flicts. All authors have submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest. Conflicts that the 
editors consider relevant to the content of the manuscript 
have been disclosed.

References

1. Minhas V, Crabtree KL, Chao A, et al. Early childhood in
fection by human herpesvirus 8 in Zambia and the role of 
human immunodeficiency virus type 1 coinfection in a 
highly endemic area. Am J Epidemiol 2008; 168:311–20.

2. Sabourin KR, Daud I, Ogolla S, et al. Malaria is associated 
with Kaposi sarcoma-associated herpesvirus (KSHV) sero
conversion in a cohort of western Kenyan children. J Infect 
Dis 2021; 224:303–11.

3. Newton R, Labo N, Wakeham K, et al. Kaposi 
sarcoma-associated herpesvirus in a rural Ugandan cohort, 
1992–2008. J Infect Dis 2018; 217:263–9.

4. Minhas V, Brayfield BP, Crabtree KL, Kankasa C, Mitchell 
CD, Wood C. Primary gamma-herpesviral infection in 
Zambian children. BMC Infect Dis 2010; 10:115.

5. Wakeham K, Webb EL, Sebina I, et al. Risk factors for se
ropositivity to Kaposi sarcoma-associated herpesvirus 

Figure 5. A, Child KSHV seropositivity from 12 to 24 months of age by whether the child was HEU vs HUU. B, Months to child KSHV seroconversion (in months from birth) for 
HEU compared to HUU children measured as the probability that a child would not KSHV seroconvert (n = 170). *P < .05 considered statistically significant. Abbreviations: 
HEU, HIV-exposed uninfected; HIV, human immunodeficiency virus; HUU, HIV-unexposed uninfected; KSHV, Kaposi sarcoma-associated herpesvirus.

1364 • JID 2023:228 (15 November) • Sabourin et al

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad310#supplementary-data


among children in Uganda. J Acquir Immune Defic Syndr 
2013; 63:228–33.

6. Malope BI, Pfeiffer RM, Mbisa G, et al. Transmission of 
Kaposi sarcoma-associated herpesvirus between mothers 
and children in a South African population. J Acquir 
Immune Defic Syndr 2007; 44:351–5.

7. National AIDS Control Council. Kenya HIV estimates re
port 2018. Nairobi, Kenya: Kenya Ministry of Health, 2018.

8. Floridia M, Orlando S, Andreotti M, et al. A 12-month pro
spective study of HIV-infected and HIV-uninfected wom
en and their infants in Malawi: comparative analysis of 
clinical events and infant growth. Am J Trop Med Hyg 
2023; 108:394–402.

9. Nicholson L, Chisenga M, Siame J, Kasonka L, Filteau S. 
Growth and health outcomes at school age in 
HIV-exposed, uninfected Zambian children: follow-up of 
two cohorts studied in infancy. BMC Pediatr 2015; 15:66.

10. Pillay L, Moodley D, Emel LM, Nkwanyana NM, Naidoo K. 
Growth patterns and clinical outcomes in association with 
breastfeeding duration in HIV exposed and unexposed in
fants: a cohort study in KwaZulu Natal, South Africa. BMC 
Pediatr 2021; 21:183.

11. Cohen C, Moyes J, Tempia S, et al. Epidemiology of acute 
lower respiratory tract infection in HIV-exposed uninfect
ed infants. Pediatrics 2016; 137:e20153272.

12. le Roux SM, Abrams EJ, Donald KA, et al. Infectious mor
bidity of breastfed, HIV-exposed uninfected infants under 
conditions of universal antiretroviral therapy in South 
Africa: a prospective cohort study. Lancet Child Adolesc 
Health 2020; 4:220–31.

13. Pierre RB, Fulford TA, Lewis K, Palmer P, Walters C, 
Christie CDC. Infectious disease morbidity and growth 
among young HIV-exposed uninfected children in 
Jamaica. Rev Panam Salud Publica 2016; 40:401–9.

14. Arikawa S, Rollins N, Newell ML, Becquet R. Mortality risk 
and associated factors in HIV-exposed, uninfected chil
dren. Trop Med Int Health 2016; 21:720–34.

15. Evans C, Chasekwa B, Ntozini R, et al. Mortality, human 
immunodeficiency virus (HIV) transmission, and growth 
in children exposed to HIV in rural Zimbabwe. Clin 
Infect Dis 2021; 72:586–94.

16. Alonso S, Vidal M, Ruiz-Olalla G, et al. Reduced placental 
transfer of antibodies against a wide range of microbial and 
vaccine antigens in HIV-infected women in Mozambique. 
Front Immunol 2021; 12:614246.

17. Jallow S, Cutland CL, Masbou AK, Adrian P, Madhi SA. 
Maternal HIV infection associated with reduced transpla
cental transfer of measles antibodies and increased suscept
ibility to disease. J Clin Virol 2017; 94:50–6.

18. Dzanibe S, Adrian PV, Kimaro Mlacha SZ, Dangor Z, 
Kwatra G, Madhi SA. Reduced transplacental transfer of 
group B Streptococcus surface protein antibodies in 

HIV-infected mother-newborn dyads. J Infect Dis 2017; 
215:415–9.

19. Abu-Raya B, Smolen KK, Willems F, Kollmann TR, 
Marchant A. Transfer of maternal antimicrobial immunity 
to HIV-exposed uninfected newborns. Front Immunol 
2016; 7:338.

20. Moro L, Bardají A, Nhampossa T, et al. Malaria and HIV 
infection in Mozambican pregnant women are associated 
with reduced transfer of antimalarial antibodies to their 
newborns. J Infect Dis 2015; 211:1004–14.

21. Gaensbauer JT, Rakhola JT, Onyango-Makumbi C, et al. 
Impaired Haemophilus influenzae type B transplacental an
tibody transmission and declining antibody avidity 
through the first year of life represent potential vulnerabil
ities for HIV-exposed but -uninfected infants. Clin Vaccine 
Immunol 2014; 21:1661–7.

22. de Moraes-Pinto MI, Almeida AC, Kenj G, et al. Placental 
transfer and maternally acquired neonatal IgG immunity 
in human immunodeficiency virus infection. J Infect Dis 
1996; 173:1077–84.

23. de Moraes-Pinto MI, Farhat CK, Carbonare SB, et al. 
Maternally acquired immunity in newborns from women 
infected by the human immunodeficiency virus. Acta 
Paediatr 1993; 82:1034–8.

24. Jones CE, Naidoo S, De Beer C, Esser M, Kampmann B, 
Hesseling AC. Maternal HIV infection and antibody re
sponses against vaccine-preventable diseases in uninfected 
infants. JAMA 2011; 305:576–84.

25. Le Doare K, Allen L, Kampmann B, et al. Anti-group B 
Streptococcus antibody in infants born to mothers with hu
man immunodeficiency virus (HIV) infection. Vaccine 
2015; 33:621–7.

26. Crabtree KL, Wojcicki JM, Minhas V, Kankasa C, Mitchell 
C, Wood C. Association of household food- and drink- 
sharing practices with human herpesvirus 8 seroconver
sion in a cohort of Zambian children. J Infect Dis 2017; 
216:842–9.

27. Olp LN, Minhas V, Gondwe C, et al. Effects of antiretrovi
ral therapy on Kaposi’s sarcoma-associated herpesvirus 
(KSHV) transmission among HIV-infected Zambian chil
dren. J Natl Cancer Inst 2015; 107:djv189.

28. Sabourin K, Ogolla S, Daud I, et al. Malaria during preg
nancy and transplacental transfer of Kaposi 
sarcoma-associated herpesvirus (KSHV) antibodies: a co
hort study of Kenyan mother and child pairs. Infect 
Agent Cancer 2020; 15:71.

29. Daud II, Ogolla S, Amolo AS, et al. Plasmodium falciparum 
infection is associated with Epstein-Barr virus reactivation 
in pregnant women living in malaria holoendemic area of 
western Kenya. Matern Child Health J 2015; 19:606–14.

30. Reynaldi A, Schlub TE, Chelimo K, et al. Impact of 
Plasmodium falciparum coinfection on longitudinal 

Maternal HIV and Child KSHV • JID 2023:228 (15 November) • 1365



Epstein-Barr virus kinetics in Kenyan children. J Infect Dis 
2016; 213:985–91.

31. Ogolla S, Daud II, Asito AS, et al. Reduced transplacental 
transfer of a subset of Epstein-Barr virus-specific antibod
ies to neonates of mothers infected with Plasmodium fal
ciparum malaria during pregnancy. Clin Vaccine 
Immunol 2015; 22:1197–205.

32. Labo N, Marshall V, Miley W, et al. Mutual detection of 
Kaposi’s sarcoma-associated herpesvirus and Epstein-Barr 
virus in blood and saliva of Cameroonians with and without 
Kaposi’s sarcoma. Int J Cancer 2019; 145:2468–77.

33. Labo N, Miley W, Marshall V, et al. Heterogeneity and 
breadth of host antibody response to KSHV infection dem
onstrated by systematic analysis of the KSHV proteome. 
PLoS Pathog 2014; 10:e1004046.

34. Whitby D, Marshall VA, Bagni RK, et al. Reactivation of 
Kaposi’s sarcoma-associated herpesvirus by natural prod
ucts from Kaposi’s sarcoma endemic regions. Int J 
Cancer 2007; 120:321–8.

35. World Health Organization. Child growth standards soft
ware. https://www.who.int/tools/child-growth-standards/ 
software. Accessed 1 August 2022.

36. Wilcox CR, Holder B, Jones CE. Factors affecting the 
FcRn-mediated transplacental transfer of antibodies and 
implications for vaccination in pregnancy. Front 
Immunol 2017; 8:1294.

37. Brayfield BP, Phiri S, Kankasa C, et al. Postnatal human 
herpesvirus 8 and human immunodeficiency virus type 1 
infection in mothers and infants from Zambia. J Infect 
Dis 2003; 187:559–68.

38. Malope BI, MacPhail P, Mbisa G, et al. No evidence of sexual 
transmission of Kaposi’s sarcoma herpes virus in a hetero
sexual South African population. AIDS 2008; 22:519–26.

39. Sandison TG, Homsy J, Arinaitwe E, et al. Protective effica
cy of co-trimoxazole prophylaxis against malaria in HIV 
exposed children in rural Uganda: a randomised clinical 
trial. BMJ 2011; 342:d1617.

40. Crabtree KL, Wojcicki JM, Minhas V, et al. Risk factors for 
early childhood infection of human herpesvirus-8 in 
Zambian children: the role of early childhood feeding prac
tices. Cancer Epidemiol Biomarkers Prev 2014; 23:300–8.

41. Butler LM, Were WA, Balinandi S, et al. Human herpesvi
rus 8 infection in children and adults in a population-based 
study in rural Uganda. J Infect Dis 2011; 203:625–34.

42. Taylor MM, Chohan B, Lavreys L, et al. Shedding of human 
herpesvirus 8 in oral and genital secretions from 
HIV-1-seropositive and -seronegative Kenyan women. J 
Infect Dis 2017; 190:484–8.

43. de Franca TRT, de Araujo RA, Ribeiro CM, Leao JC. 
Salivary shedding of HHV-8 in people infected or not by 
human immunodeficiency virus 1. J Oral Pathol Med 
2011; 40:97–102.

44. Brayfield BP, Kankasa C, West JT, et al. Distribution of 
Kaposi sarcoma-associated herpesvirus/human herpesvi
rus 8 in maternal saliva and breast milk in Zambia: impli
cations for transmission. J Infect Dis 2004; 189:2260–70.

45. Phipps W, Saracino M, Selke S, et al. Oral HHV-8 replica
tion among women in Mombasa, Kenya. J Med Virol 2014; 
86:1759–65.

46. Braz-Silva PH, Tozetto-Mendoza TR, Sumita LM, et al. 
Prospective study of human herpesvirus 8 oral shedding, 
viremia, and serological status among human immunode
ficiency virus seropositive and seronegative individuals in 
Sao Paulo, Brazil. J Oral Microbiol 2017; 9:1384287.

1366 • JID 2023:228 (15 November) • Sabourin et al

https://www.who.int/tools/child-growth-standards/software
https://www.who.int/tools/child-growth-standards/software

	Effects of Maternal HIV Infection on Early Kaposi

Sarcoma-Associated Herpesvirus Seroconversion

in a Kenyan Mother-Infant Cohort
	METHODS
	Study Population
	Maternal and Child HIV Status
	Sample Collection
	KSHV Antibody Testing
	Measurement of KSHV DNA and Viral Load Testing in Oral Fluid
	Statistical Analysis

	RESULTS
	Participant Characteristics
	Maternal HIV Infection and Transplacental Transfer of Anti-KSHV Antibodies
	Maternal HIV Infection and Loss of Maternally Acquired Antibodies From Birth to Age 6 Months
	Maternal HIV Infection and Age of KSHV Seroconversion
	Maternal HIV Infection and Maternal KSHV Shedding in Oral Fluids

	DISCUSSION
	Supplementary Data
	Notes
	References




