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While mother-to-child transmission is believed to play in important role in early childhood infection with Kaposi sarcoma-associated 
herpesvirus (KSHV), the maternal immune response remains largely uncharacterized. This study aimed to characterize the longitu-
dinal humoral response to KSHV in a cohort of HIV-infected Zambian mothers without KS and identify potential factors that may 
influence transmission. In total, 86/124 (69.4%) mothers were found to be KSHV seropositive. Longitudinal KSHV titers were fairly 
stable over time, although seroreversion was still common. Of the total 124 mothers, 81 had at least 1 child KSHV seroconvert during 
the 2 years analyzed, while the remaining 43 mothers had KSHV-seronegative children. Mothers of KSHV-negative children had 
higher geometric mean titers than mothers of KSHV-positive children; however, there was no difference in the presence of neutral-
izing antibodies. This suggests that a strong anti-KSHV immune response, and potentially nonneutralizing antibodies, may reduce 
transmission.
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The causative agent of Kaposi sarcoma (KS) primary effusion 
lymphoma, and some forms of multicentric Castleman disease, 
Kaposi sarcoma-associated herpesvirus (KSHV), was first identi-
fied 25 years ago [1, 2]. In contrast to other herpesviruses, KSHV 
seroprevalence varies globally. Certain high-risk groups, such 
as men who have sex with men, southern Mediterranean males, 
Amazonian tribes, and Uyghurs, are known to have higher preva-
lence of KS and KSHV. Outside of these populations, KSHV sero-
prevalence in the general population is very low (<10%) in Europe, 
Asia, and the Americas, but is high in sub-Saharan African coun-
tries where it is frequently over 50% [3, 4]. In these endemic re-
gions, primary KSHV infection is acquired early in childhood, and 
KS is an important cause of morbidity and mortality, particularly 
in those living with human immunodeficiency virus (HIV) [4–7].

Previous studies conducted by our laboratory and others 
identified several risk factors for primary KSHV infection in 
young children. HIV infection was found to be a major risk 
factor; however, the implementation of antiretroviral therapy 
(ART) in the region has largely mitigated this effect [6–9]. 

ART-treated HIV-infected children acquire KSHV infection at 
the same rate and mount similar serological responses as their 
HIV-uninfected peers [9, 10]. Regardless of ART status, higher 
CD4+ T-cell counts associate with decreased risk of KSHV in-
fection among children younger than 4 years [9].

Acquisition of KSHV, particularly in young children, has 
been tied to several factors outside of HIV status. Other infec-
tious agents like malaria and the helminth Schistosoma mansoni 
have been associated with an increased risk of KSHV seropos-
itivity [8, 11, 12]. Higher numbers of KSHV-seropositive indi-
viduals in the household, as well as a KSHV-seropositive mother 
or primary caregiver, were associated with increased risk of in-
fection in children [8, 13, 14]. However, previous studies have 
not investigated any maternal characteristics, outside of KSHV 
serostatus, that may provide protection against transmission or 
early childhood infection with KSHV. Despite an appreciation of 
the significance of horizontal mother-to-child transmission [5, 
15], and that breastfeeding decreased odds of KSHV serocon-
version in infants [13], the impact of the maternal anti-KSHV 
immune response, specifically around the time of a child’s se-
roconversion, remains largely uncharacterized. Here we longi-
tudinally evaluated humoral anti-KSHV responses in a cohort 
of HIV-positive mothers whose children acquired KSHV infec-
tion compared to those whose children remained seronegative.

METHODS

Study Design and Cohort

A subset of mothers from a previously established Zambian 
maternal-child cohort focused on quantifying KSHV 
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infection and risk factors in infants [9, 10, 16] was used for 
this study. Mother-child pairs were followed for up to 5 years 
postenrollment, with a sampling interval of 3 months. Informed 
consent was obtained and the study was approved by the 
Institutional Review Board of the University of Nebraska and the 
University of Zambia Biomedical Research Ethics Committee. 
All mothers in the initial study were HIV-infected without KS. 
KSHV serostatus of the mothers was unknown prior to the cur-
rent study. For inclusion in the current study, mothers needed 
at least 2 years of follow-up after study enrollment. To clearly 
differentiate between mothers of KSHV-positive and -neg-
ative children, the children of these mothers needed at least 
2  years of seronegative results, determined by monoclonal 
antibody-enhanced immunofluorescence assay (mIFA), or at 
least 2 years of follow-up post-KSHV seroconversion. From this 
group, 7 additional mothers were excluded as their 2 children 
were determined to have differing KSHV serostatus. However, 
mothers with multiple children with the same KSHV serostatus 
were included, leaving a final number of 124 mothers with 130 
children. Six mothers had 2 children each, while the remaining 
118 mothers had only a single child enrolled. Of the 6 sets of 
siblings, 2 pairs were KSHV negative and 4 were KSHV positive.

KSHV Seroprevalence and Antibody Titer

KSHV binding antibodies were detected using an mIFA pre-
viously standardized in our laboratory [13]. Briefly, plasma 
samples were diluted 1:40 in phosphate-buffered saline and 
incubated with permeabilized and fixed tetradecanoyl phorbal 
ester acetate-stimulated BC3 cells to induce lytic gene expres-
sion, allowing for detection of both latent and lytic KSHV 
proteins. Mouse monoclonal anti-human IgG (CRL-1786; 
American Type Culture Collection) was used as a secondary an-
tibody, with Cy-2 conjugated donkey anti-mouse IgG (Jackson 
ImmunoResearch) serving as the tertiary antibody. Samples 
were considered positive for KSHV binding antibodies if the 
sample was deemed positive on 2 independent mIFAs. Samples 
positive at the 1:40 dilution were then titrated by 2-fold dilu-
tions to 1:5120 and tested using the mIFA. The inverse of the 
most dilute positive sample is reported as the antibody titer. 
Mothers are deemed KSHV seropositive if at least 1 sample was 
ruled positive at the 1:40 dilution over the 2 years studied. The 
overall seroprevalence is reported as the number of seropositive 
mothers out of the total number of mothers. Seroprevalence at 
each timepoint was calculated as the number of seropositive 
samples out of the total number of samples at that time.

KSHV Neutralizing Antibody Assay

KSHV-seropositive samples, as determined by mIFA, were 
tested for the presence of KSHV neutralizing antibodies (nAb) 
using our previously standardized assay [17]. Briefly, a 1:50 di-
lution of heat-inactivated plasma (56°C 1 hour) was incubated 
for 1 hour with rKSHV.219 virus at 37°C. The virus-plasma 

mixture was then used to infect 293T cells via spinoculation 
(400g, 20 minutes). After a 72-hour incubation, the level of in-
fection was determined as the percentage of green fluorescent 
protein-expressing cells quantified by flow cytometry (Accuri 
C6 Plus; BD Biosciences). Samples were analyzed in triplicate 
and were defined as nAb positive if the average inhibition of 
infection for 3 independent experiments was greater than 50% 
when compared to the inhibition of infection mediated by 
KSHV-seronegative control plasma.

Statistical Analyses

Student t test was used for all analyses, unless stated otherwise. 
Differences between geometric mean titers were calculated by 
first transforming each titer (log2) and then determining the 
arithmetic mean of the transformed values. A t test was used to 
assess statistical differences between the groups and the means 
were reported in nonlogarithmic form. Child HIV-1 status and 
maternal titer group were analyzed for differences in distri-
bution with a Χ2 test, while sex of the children, maternal ART 
status, maternal KSHV serostatus, and nAb prevalence were 
assessed via Fisher exact test. All statistical analysis was con-
ducted in GraphPad Prism 8.3.0.

RESULTS

Cohort Characteristics

Table  1 describes the 85 KSHV-seropositive and 45 KSHV-
seronegative children of the mothers followed for this study. 
There were no significant differences in sex or HIV status be-
tween KSHV-positive and KSHV-negative children. However, 
there was a significant difference in age, with KSHV-negative 
children being an average of 2  months older at enrollment. 
Importantly, all but 5 of the HIV-positive children were taking 
ART upon enrollment and they were all on ART by the third 
follow-up time point.

Demographic information for all 124 mothers is shown 
in Table 2. All mothers were HIV positive, although the du-
ration of HIV infection was unknown. There were no dif-
ferences in age, CD4+ T-cell count, ART status, or duration 

Table 1. Demographics of Children

Characteristic KSHV Positive (n = 85) KSHV Negative (n = 45)

Age at enrollment, moa 6.6 8.5

Sex, No. (%)

 Male 45 (52.9) 20 (44.4)

 Female 40 (47.1) 25 (55.6)

HIV status, No. (%)

 Positive 41 (48.2) 18 (40.0)

 Negative 27 (31.8) 20 (44.4)

 Unknown 17 (20.0) 7 (15.6)

Abbreviations: HIV, human immunodeficiency virus; KSHV, Kaposi sarcoma-associated 
herpesvirus.
aP = .0072.
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of ART between mothers of KSHV-positive and -negative 
children. Additionally, no significant difference was found in 
CD4+ T-cell count between women who reported ever taking 
ART compared to those who reported never taking ART 
(Supplementary Figure 1).

Maternal Immune Response

In total, 86 of the 124 mothers (69.4%) were KSHV sero-
positive for at least 1 time point over the 2 years examined. 
KSHV antibody titer was not found to correlate with CD4+ 
T-cell count (Supplementary Figure 2). There was a small 
but significant difference in KSHV antibody titer by ART 
status, with mothers who reported ever taking ART at en-
rollment showing slightly higher titers (Supplementary 
Figure 3).

Overall, the maternal humoral response against KSHV was 
much more consistent than the variation observed in children 
by Olp et  al following primary seroconversion [10]. Mothers 
demonstrated stable antibody titers that could be stratified into 
3 groups. Mothers had a geometric mean titer (GMT) less than 
or equal to 100 were classified as low titer, and over half of the 
seropositive women were in this category (52 of 86). Mothers 
with a GMT between 100 and 320 were classified as interme-
diate, and those with titers greater than or equal to 320 were 
classified as high titer. Representative longitudinal KSHV titer 
graphs for each group are shown in Figure 1.

Despite the stability of the KSHV antibody response, 
seroreversion, or undetectable KSHV antibodies at a time point 
after KSHV antibodies were previously detected, was common 
(Figure  2). As seen in Figure  2A, seroreversion altered the 

Table 2. Demographics of Mothers

Characteristic Whole Cohort (n = 124) Mothers of KSHV + Children (n = 81) Mothers of KHSV− Children (n = 43)

Mother’s age, y (range) 30.0 (18–45) 29.7 30.6

KSHV seropositive, No. (%) 86 (69.4) 54 (66.7) 32 (74.4)

CD4 T-cell count (range) 475.07 (43.75–978.33) 492.78 (43.75–795.75) 441.70 (122.13–978.33)

ART status at enrollment, No. (%)

 Ever 68 (54.8) 41 (50.6) 27 (62.8)

 Never 56 (45.2) 40 (49.4) 16 (37.2)

Years on ART at enrollment (range) 1.92 (1 mo–14 y) 1.92 (2 mo–6 y) 1.69 (1 mo–14 y)
Abbreviations: ART, antiretroviral therapy; KSHV, Kaposi sarcoma-associated herpesvirus.
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Figure 1. Representative longitudinal titers for each of the 3 titer strata: low (A), intermediate (B), and high (C). Titer was determined by monoclonal antibody-enhanced 
immunofluorescence assay. Bars with a height lower than 40 indicate samples negative at the 1:40 dilution. The numbers of mothers belonging to each stratum are listed in 
each graph. Abbreviation: GMT, geometric mean titer.
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seroprevalence estimates at each time point. For the cohort 
as a whole, maternal KSHV seroprevalence at any single time 
point was 15.7%–28.3% lower than the overall seroprevalence 
(Figure 2A, top graph). Over half of the mothers designated as 
KSHV seropositive underwent seroreversion at least once during 
follow-up, and 12 mothers (14.0%) tested positive by mIFA only 
once over the 2-year study duration (Figure  2B, black bars). 
Mothers of both KSHV-positive and -negative children showed 
temporal variations in seroprevalence; however, the magnitude 
of the difference between the overall seroprevalence and the 
seroprevalence at any given time point was more pronounced 
among mothers of KSHV-positive children (Figure 2A, middle 
and bottom graphs). Mothers of KSHV-positive children were 
more likely to have undergone seroreversion or to have tested se-
ropositive only at a single time point (Figure 2B). Seroreversion 

occurred exclusively among individuals in the low-titer strata, 
where approximately 85% seroreverted and 23% were positive 
at only 1 time point (Figure  2C). Notably, the prevalences of 
both seroreversion and mothers positive at single time point 
were similar between mothers of KSHV-positive and -negative 
children when restricted to the low-titer strata (Figure 2C).

As outlined in Table 3, the KSHV seroprevalence was slightly 
elevated among mothers of KSHV-negative children; how-
ever, this difference was not statistically significant (P = .42). 
Mothers of KSHV-negative children did show a significantly 
higher anti-KSHV GMT (22.1 vs 8.87, P < .0001). The differ-
ence in GMT was not due to the higher seroprevalence among 
mothers of KSHV-negative children as it remained significant 
when only seropositive women were included in the analysis 
(68.5 vs 26.7, P < .0001). While a larger proportion of mothers 
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Figure 2. Change in seroprevalence over time (A) and the frequency of seroreversion among seropositive mothers (B) and low-titer mothers (C). A, Overall seroprevalence 
was determined as the number of seropositive mothers over the total number of mothers, while seroprevalence at each timepoint was defined as the number of seropositive 
samples out of the total number of samples available at that time. B and C, Solid bars indicate the percentage of mothers who seroreverted at least once during follow-up, 
while striped bars indicate mothers who tested positive for KSHV antibodies at only a single time point. Abbreviations: Mo+, mothers of KSHV positive children; Mo−, mothers 
of KSHV negative children; KSHV, Kaposi sarcoma-associated herpesvirus. 
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of KSHV-negative children fell into the high-titer strata, this 
difference failed to reach significance (P = .078). Together, these 
data suggest mothers of KSHV-negative children were more 
likely to mount a stronger anti-KSHV antibody response than 
mothers of KSHV-positive children.

Interestingly, despite the higher seroprevalence and overall 
antibody response, there was no difference in the prevalence 
of nAb between the 2 groups. Initial screening revealed a sig-
nificant positive correlation between neutralizing activity and 
GMT (Pearson r = 0.52, P < .0001; Figure 3). Due to this cor-
relation, only high-titer mothers (GMT ≥ 320) were tested for 
nAb at all time points by 3 independent experiments. In total, 5 
mothers (3 mothers of KSHV-positive and 2 mothers of KSHV-
negative children) showed nAb at least once. One additional 
mother, whose child was KSHV negative, approached but did 
not traverse the 50% threshold required to be deemed neutral-
izing after the completion of 3 replicates. Figure 4 shows KSHV 

binding antibody titer (Figure  4A) and neutralizing activity 
(Figure 4B) longitudinally for the 5 mothers with nAb. Binding 
titer for all 5 mothers showed little variation over time. Despite 
this consistency and the correlation between neutralizing ac-
tivity and GMT, neutralization was not stable longitudinally. 
Only 2 of the 5 mothers (594M and 649M) showed neutraliza-
tion greater than 50% at all time points, and among all mothers 
neutralizing activity tended to decay over time. Mothers 159M, 
465M, and 470M did show spikes in neutralizing activity, al-
though the response began to fade at the next time point. 
Mothers 470M, 594M, and 649M had children who serocon-
verted at time points 15, 12, and 3, respectively. No change in 
neutralizing activity prior to the child’s seroconversion was seen 
in any case. This demonstrates that while there was clearly lon-
gitudinal consistency in overall KSHV antibody titers as deter-
mined by mIFA, neutralization, when present, was variable.

DISCUSSION

We observed an overall KSHV seroprevalence of 69.4% 
(86/124) among HIV-infected Zambian mothers, consistent 
with other reports from the region. A cross-sectional analysis 

Table 3. Difference in Serology Between Mothers of Seropositive and 
Seronegative Children

Characteristic

Mothers of  
KSHV + Children  
(n = 81)

Mothers of  
KSHV− Children  
(n = 43)

KSHV seroprevalence,  
No. (%)

54 (66.7) 32 (74.4)

GMTa

 All 8.87 22.1

 Seropositive 26.7 68.5

Titer group as % of KSHV+,  
No. (%)

 Low 37 (68.5) 15 (46.9)

 Intermediate 11 (20.4) 8 (25.0)

 High 6 (11.1) 9 (28.1)

 Neutralizing antibodies 3 (3.7) 2 (4.7)

Abbreviations: GMT, geometric mean titer; KSHV, Kaposi sarcoma-associated herpesvirus.
aP < .0001.
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for the 5 mothers with neutralizing antibodies. Mothers are listed by identifica-
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observed a KSHV seroprevalence over 50% for HIV-1–pos-
itive women in Zambia, while estimates in Ugandan mothers 
range from 61% to 69% [8, 11, 18]. In Ethiopia, HIV-infected 
pregnant women were found to have a KSHV seroprevalence of 
69% [19]. Longitudinal antibody titers among the 86-seropos-
itive mothers analyzed in this study showed much greater con-
sistency than titers reported by Olp et al in KSHV-seropositive 
children [10]. Almost half of the children were shown to have 
variance in titers, either increasing, decreasing, or inconsistent. 
In contrast, maternal titers seldom showed a variance greater 
than 2 log2. While the stability of the maternal humoral re-
sponse could be due to a more mature, fully developed im-
mune system in adults, it is more likely KSHV titers stabilize 
with a longer duration of infection and cycles of viral produc-
tion through sporadic lytic induction. Although it is not clear 
when the mothers were infected with KSHV, it is logical to as-
sume that the mothers were also infected in childhood and ulti-
mately stabilized the humoral immune response against KSHV 
after exhibiting similar variance to that previously observed in 
children over the first 2 years following seroconversion.

Previous studies examining risk factors for childhood ac-
quisition of KSHV found children are at an increased risk of 
acquiring KSHV if the primary caregiver is seropositive, es-
pecially if the primary caregiver is the mother [13, 14]. Given 
the increased risk of KSHV infection in children of KSHV-
seropositive women, a higher KSHV seroprevalence was ex-
pected in mothers of KSHV-positive children. However, we 
observed no difference in KSHV seroprevalence between 
mothers of KSHV-positive and -negative children, and se-
roprevalence was actually slightly higher among mothers of 
KSHV-negative children. This discrepancy is likely due to dif-
ferences in study design, as the current study was implemented 
to compare maternal immune responses in relation to infection 
in their children, not to detect risk factors in children. It is also 
important to note that all mothers in this study were HIV-
infected and, as such, are not representative of the maternal 
population as a whole.

While the seroprevalence was comparable between mothers 
of KSHV-positive and -negative children, there was a signifi-
cant difference in KSHV antibody titer between the 2 groups. 
Mothers of KSHV-negative children had an average titer ap-
proximately 2.5 times higher than mothers of KSHV-positive 
children. This difference was not an effect of the slight variation 
in seroprevalence as the average titer remained significantly 
higher among mothers of KSHV-negative children whether se-
ronegative women were included or excluded. Correspondingly, 
more mothers of KSHV-negative children fell into the high-
titer strata than mothers of KSHV-positive children (28.1% vs 
11.1%, respectively).

Similar to the 6.5% nAb prevalence seen in asymptomatic 
KSHV-seropositive individuals reported by Kumar et  al [17], 
only 5 of the 86 (5.8%) seropositive mothers had nAb responses. 

A significant correlation (P < .0001) between Ab titer and neu-
tralizing activity was detected, and all 5 individuals with nAb 
had a high KSHV GMT. However, despite the higher KSHV an-
tibody titer found among mothers of KSHV-negative children 
and the correlation between nAb and titer, there was no differ-
ence in the prevalence of nAb between the mothers of KSHV-
positive and -negative children. Additionally, the 3 mothers of 
KSHV-positive children with nAb did not show any change in 
activity prior to the seroconversion of their children. This could 
suggest the involvement of nonneutralizing antibodies in con-
trolling KSHV infection or in reducing transmission, or that the 
specific antigen targeted by the neutralizing response is more 
important than the presence or absence of nAb in general. The 
rarity of nAb among asymptomatic populations has led some 
to posit that high KSHV titers, and the presence of KSHV nAb, 
may serve as a risk indicator of KS development [20]. For this 
reason, we intend to follow-up those subjects with nAb to mon-
itor for signs of KS.

Roughly 60% (52/86) of all seropositive mothers showed a 
low KSHV titer, and seroreversion was almost ubiquitous in this 
group (84.6%, 44/52). Furthermore, 12 women had detectable 
KSHV antibodies at only a single time point over the 2 years 
examined. These findings demonstrate the need for longitudinal 
follow-up in order to accurately determine KSHV seropreva-
lence. Additionally, KSHV seroprevalence at any given time 
point underestimated the overall seroprevalence by approxi-
mately 20%. This suggests that in addition to incorrectly clas-
sifying an individual’s KSHV serostatus, cross-sectional studies 
likely underestimate KSHV seroprevalence at the population 
level. Other studies utilizing immunofluorescence and enzyme-
linked immunosorbent assay (ELISA) methods to detect KSHV 
infection have also reported seroreversion [21–24]. Two studies 
observed a higher frequency of seroreversion using IFA com-
pared to ELISA; however, in both studies IFAs only assessed 
latent proteins, while the ELISA was against a lytic protein, ei-
ther K8.1 or ORF65.2 [21, 23]. In contrast, our mIFA detects 
responses against both latent and lytic proteins, therefore it is 
difficult to evaluate the sensitivity of our assay compared to the 
others without direct comparisons. Unfortunately, we were un-
able to assess samples using an additional method at this time. 
It is again worth noting that all mothers in this study were HIV-
infected, and low KSHV titers and seroreversion may be a more 
common event among HIV-infected persons. The finding that 
mothers who reported ART experience showed a slight, but sig-
nificant, increase in KSHV antibody titer compared to mothers 
who reported never taking ART reinforces the idea that control 
of HIV infection may lead to stronger anti-KSHV responses. 
However, there was no correlation between CD4+ T-cell count 
and KSHV antibody titer, suggesting that the impact of ART 
may be due to reduction of systemic inflammation or a more 
balanced Th1/Th2 adaptive response rather than an increase in 
CD4+ T cells.
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The commonality of seroreversion as well as changes in neu-
tralizing activity over time suggest the lack of a dominant an-
tibody response to KSHV. Indeed, when Labo et  al analyzed 
seroreactivity of individuals with KSHV-associated malignan-
cies, most of whom were HIV infected, they observed a diverse 
range of antibody responses against the KSHV proteome [25]. 
Individualized, suboptimal responses against KSHV could be 
due to a changing repertoire, low antigenicity of KSHV, a lack 
of essential B-cell maintenance signals, or a lack of circulating 
viral particles for antigenic stimulation. While the antibody re-
sponse was able to be quantified, more research into how the 
quality of KSHV antibodies changes or stabilizes longitudinally 
is needed. The data show the overall strength of the KSHV re-
sponse is fairly stable over time; however, the changes in neu-
tralization despite consistent titers suggest antibody responses 
may show much greater qualitative changes.

One limitation to this study was the inability to assess KSHV 
or HIV viral load or oral shedding of KSHV as such samples were 
not available. Unfortunately, this prevents the determination of 
any relationships between these variables and the immune re-
sponses in the mothers, as well as how oral KSHV shedding in 
the mothers may relate to the KSHV status of the child in this 
cohort. A 2018 study by Newton et al did not find a higher risk 
of KSHV in Ugandan children whose mothers shed detectable 
KSHV, although the children in that study were already 6 years 
old. However, they did find a positive correlation between K8.1 
antibody titer and the frequency of KSHV shedding [26]. These 
data imply that mothers of KSHV-negative children would be 
expected to have higher levels of KSHV shedding in the oral 
cavity, as they had higher average antibody titers. In contrast, 
other groups have reported a decrease in the frequency of oral 
KSHV shedding among individuals with higher titers, in studies 
conducted among HIV-positive men in the United States [27–
29]. More studies examining the frequency of KSHV shedding 
in relation to antibody levels and other immune responses, es-
pecially among mothers and primary caregivers, are needed to 
clarify these differences and expand our understanding of viral 
transmission and early childhood infections.

It should also be noted that while mother-to-child trans-
mission is believed to play an important role in childhood ac-
quisition of KSHV, approximately one-third of the mothers 
of KSHV-positive children were seronegative over the 2 years 
surrounding the child’s seroconversion. Thus, nonmaternal 
sources are also a prominent factor for early KSHV infection [5, 
30]. Interestingly, a few of these seronegative mothers did test 
positive for KSHV antibodies at later time points not included 
in this study (data not shown). In these cases, it is possible the 
mothers’ antibody levels were undetectable during the 2 years 
examined despite preexisting KSHV infection, or the mothers 
may have acquired KSHV after, or even from, their children.

In conclusion, we observed stable longitudinal KSHV anti-
body titers among a cohort of HIV-positive mothers in Zambia, 

although low titers and seroreversion were still common. 
Mothers of KSHV-negative children showed significantly higher 
antibody titers, but no difference in the prevalence of neutral-
izing antibodies. This suggests a strong immune response, and 
potentially nonneutralizing antibodies, may play a role in con-
trolling KSHV infection and preventing transmission.
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