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The potential consequences of parasitic infections on a person’s immune responsiveness 
to unrelated antigens are often conjectured upon in relationship to allergic responses 
and autoimmune diseases. These considerations sometimes extend to whether par-
asitic infection of pregnant women can influence the outcomes of responses by their 
offspring to the immunizations administered during national Expanded Programs of 
Immunization. To provide additional data to these discussions, we have enrolled 99 
close-to-term pregnant women in western Kenya and determined their Schistosoma 
mansoni and Plasmodium falciparum infection status. At 2 years of age, when the initial 
immunization schedule was complete, we determined their children’s IgG antibody levels 
to tetanus toxoid, diphtheria toxoid, and measles nucleoprotein (N-protein) antigens 
using a multiplex assay. We also monitored antibody responses during the children’s 
first 2 years of life to P. falciparum MSP119 (PfMSP119), S. mansoni Soluble Egg Antigen 
(SEA), Ascaris suum hemoglobin (AsHb), and Strongyloides stercoralis (SsNIE). Mothers’ 
infections with either P. falciparum or S. mansoni had no impact on the level of antibody 
responses of their offspring or the proportion of offspring that developed protective levels 
of antibodies to either tetanus or diphtheria antigens at 2 years of age. However, children 
born of S. mansoni-positive mothers and immunized for measles at 9 months of age had 
significantly lower levels of anti-measles N-protein antibodies when they were 2 years old 
(p = 0.007) and a lower proportion of these children (62.5 vs. 90.2%, OR = 0.18, 95% 
CI = 0.04–0.68, p = 0.011) were considered positive for measles N-protein antibodies. 
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Decreased levels of measles antibodies may render these children more susceptible to 
measles infection than children whose mothers did not have schistosomiasis. None of 
the children demonstrated responses to AsHb or SsNIE during the study period. Anti-
SEA and anti-PfMSP119 responses suggested that 6 and 70% of the children acquired 
schistosomes and falciparum malaria, respectively, during the first 2 years of life.

Keywords: schistosomiasis, malaria, antibody responses, tetanus, diphtheria, measles, vaccines

inTrODUcTiOn

There is a concern that children in developing countries do not  
respond appropriately to standard vaccines given through the 
expanded program of immunization (EPI), and this is most 
often discussed in regard to the mother’s parasitic disease 
status during gestation. Emerging evidence suggests that some 
chronic antenatal helminth infections may alter infant immune 
responses to immunization with Bacille Calmette–Guérin (BCG), 
Haemophilus  influenzae, measles, and polio vaccines (1–4). It is 
even possible that this influence may last for decades (5, 6). Since 
vaccine-preventable diseases account for an estimated two to 
three million deaths in African children each year (7), the extent 
to which parasitic diseases during gestation influence EPI vac-
cine effectiveness in neonates could have critical public health 
consequences.

Although treatment of pregnant women for schistosomiasis is 
recommended by the World Health Organization (WHO) (8–10), 
in many countries pregnant women continue to be excluded 
from mass drug administration (MDA) programs because of 
unfounded concerns about potential effects of praziquantel on 
the developing fetus (11). If the helminth infection status of a 
pregnant woman decreases the effectiveness of current and/
or future vaccine responses of her newborn, anti-helminthic 
treatment during pregnancy would take on an additional level of 
public health importance.

This study sought to understand whether being born of a 
schistosome-infected mother altered the antibody response levels 
of her child at 2 years of age to the standard vaccines against teta-
nus, diphtheria, and measles given through the Kenya Expanded 
Program of Immunization (KEPI). We also evaluated the correla-
tion of the IgG antibody levels in mothers and their neonates at 
birth to antigens from the following parasites: Schistosoma mansoni, 
Plasmodium falciparum, Ascaris lumbricoides, and Strongy loides 
stercoralis. In addition, we determined the levels of IgG antibod-
ies to these parasite antigens in these children during their first  
2 years of life.

MaTerials anD MeThODs

study Design and study Participants
This longitudinal serologic study was conducted in western 
Kenya over a 4-year period, between 2013 and 2017. We enrolled 
late-term pregnant women and followed their children for 
2 years for antibody responses to parasite antigens and standard 
immunizations. Pregnant women were diagnosed for malaria, 
soil-transmitted helminths (STH; A. lumbricoides; Trichuris 

trichiura, and hookworm), and schistosomiasis. Blood samples 
were collected from mothers, and from babies at or near birth, 
and subsequently until 2 years of age (see below).

Pregnant women were recruited from the antenatal clinics at 
several county hospitals which were selected based on the aver-
age number of pregnant women visiting the facility, nearness of 
the facility to the Kenya Medical Research Institute (KEMRI) in 
Kisian, Kenya, and to represent multiple categorical levels of the 
hospitals. The six study hospitals used were: Jaramogi Oginga 
Odinga teaching and referral hospital (the largest facility in 
Kisumu offering comprehensive services in the region—level 5), 
Kisumu sub-county hospital (level 4), Port Florence and Ober 
Kamoth health centers (level 3), Usoma and Rota dispensaries 
(level 2). All the facilities used are government funded except 
Port Florence, which is private. Pregnant women who were in 
their third trimester (34–37  weeks gestation) were screened 
for eligibility and asked to participate in the study. Those who 
consented filled out a questionnaire and donated a single blood 
sample and three stool specimens collected on consecutive days. 
The name, detailed address, and phone number of each consented 
participant was recorded at the time of enrollment to facilitate 
home based follow-up of their child until 24 months postpartum. 
Each woman was assigned a unique study number that was then 
consistent with that of her child throughout the study. Pregnant 
women who were smear-positive for malaria were treated accord-
ing to Kenya Ministry of Health guidelines. Mothers infected 
with schistosomes or intestinal helminths were treated soon after 
delivery.

The objective of the study was explained in detail to all enrolled 
pregnant mothers in the local language (Luo) in the presence of 
community midwives who were not part of the study. Witnessed 
written informed consent was obtained from each subject for 
themselves and for their unborn child to participate over the 
entire 2-year follow-up period. A copy of the signed consent form 
was given to each enrollee and another copy was kept in a locked 
cabinet with restricted access in the offices of the KEMRI, Centre 
for Global Research at Kisian, in Kisumu County. Only infants 
born at term, defined as a gestational age of 37–42 weeks, were 
included in this study. When twins were born, both were enrolled 
in the study. Before birth, each mother was confirmed to have 
been provided with a vaccination clinic booklet that was to be 
used to record and track vaccination history of the infant and the 
health status of both the mother and child. In accordance with 
KEPI, infants were vaccinated with BCG vaccine at birth; 3 doses 
of [diphtheria, pertussis, tetanus (DPT)] vaccine, at 6, 10, and 
14 weeks; oral polio vaccine (OPV) at or within 2 weeks of birth 
and 6, 10, 14 weeks; and measles vaccine at 9 months. BCG, DPT, 
OPV, and measles vaccines, all of which were recommended and 
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pre-qualified by WHO, were manufactured by Serum Institute 
of India PVT, Hadapsar, India. Vaccine manufacturers provided 
the study product but had no role in the conduct of the study, 
analysis of the data, or preparation of this report. These vaccines 
were provided free-of-charge by the Ministry of Health officials 
through the Division of Vaccines and Immunization under KEPI. 
All immunizations were recorded on an infant birth vaccination 
clinic booklet brought by the mother and all dates of vaccinations 
were verified for all children by our field study team.

ethical statement
The research protocol was approved by the Scientific Steering 
Committee of the Kenya Medical Research Institute (SSC-
KEMRI), KEMRI/Scientific Ethical Review Unit (Protocol No. 
2303) and the Institutional Review Board at the University 
of Georgia (Protocol No. 00004091). The Centers for Disease 
Control and Prevention (CDC) also reviewed the protocol; CDC 
personnel were considered not to be engaged because they had no 
contact with study participants or access to personal identifiers. 
All subjects provided written informed consent in accordance 
with the Declaration of Helsinki.

Blood collection and Processing
Maternal venous blood was collected at the time of the neonate’s 
first bleed, at or a few days after birth. Subsequent blood collec-
tions from children were at 6 and 20 weeks and 9, 12, 18, and 
24 months of age. At least 400 µL of heel prick or finger blood 
was collected by capillary blood collection using lithium heparin 
anticoagulant (Kabe Labortechnik GMBH, Germany). Blood was 
centrifuged to isolate the plasma fraction from the cell pellet and 
plasma specimens were stored at −20°C. Antibody assays were 
performed at the same time after all plasmas were collected.

Diagnosis of schistosomiasis, sThs,  
and Malaria
Detection and enumeration of S. mansoni eggs were determined 
by Kato Katz fecal examination (12) based on two slides from 
each of the three stool samples collected from women upon 
enrollment. Intensity of infection was obtained for S. mansoni as 
eggs per gram of feces (epg) and the presence or absence of eggs of 
the three STH was recorded. Blood from all pregnant women was 
examined for malaria parasites. Thick and thin blood smears were 
prepared, stained with 10% Giemsa for 15 min, and examined by 
light microscopy for Plasmodium-infected erythrocytes. At least 
200 microscope fields were scanned before a smear was consid-
ered as negative. Children were not assayed for malaria parasites 
in their blood, nor were they evaluated by stool examination for 
schistosome infection.

igg antibody levels Measured by  
luminex Multiplex Bead assay
Fluorescent bead–based multiplex bead immunoassays were per-
formed using Luminex technology (Luminex Corp., Austin, TX, 
USA) to analyze plasma antibody levels to multiple antigens from 
mothers and infants. Expression and purification of S. stercoralis 
NIE (SsNIE) (13) and P. falciparum 19-kDa subunit of Merozoite 

Surface Protein 1 (MSP119) (14) antigens as fusion proteins with 
Schistosoma japonicum glutathione-S-transferase (GST) have 
been described (15, 16). Recombinant GST with no fusion partner 
was also expressed and purified as previously described (17) for 
use as a negative control in the multiplex assays. The conditions 
for coupling these antigens to the beads have been described (16) 
as has coupling of S. mansoni soluble egg antigen (SEA) (18). 
Native hemoglobin Ascaris suum hemoglobin (AsHb) purified 
from A. suum worms was a kind gift of Peter Geldhof (Ghent 
University, Belgium) (19, 20). SEA and AsHb were coupled to 
SeroMap microsphere beads (Luminex Corp., Austin, TX, USA) 
in phosphate-buffered saline (PBS) at pH 7.2 using 120 µg protein 
for 12.5 × 106 beads as previously described (18).

The following antigens were purchased from commercial 
sources: tetanus toxoid (Massachusetts Biological Laboratories, 
Boston, MA, USA), diphtheria toxoid from Corynebacterium 
diphtheriae (List Biological Laboratories, Campbell, CA, USA), 
and recombinant measles nucleoprotein (MV-N, Meridian 
Life Sciences, Memphis, TN, USA) (21). Tetanus toxoid was  
coupled to SeroMap beads as previously described (16). 
Diph theria toxoid was coupled in buffer containing 50  mM 
2-N-morpholinoethanesulfonic acid (MES) at pH 5.0 with 
0.85% NaCl using 60 µg of protein per 12.5 × 106 beads in 1 mL 
final volume. Measles nucleoprotein (N-protein) was partially 
purified by MonoQ column chromatography (GE Healthcare, 
Piscataway, NJ, USA) and coupled to beads in buffer containing 
50 mM MES/NaCl buffer at pH 5.0 using 6 µg of protein per 
12.5 × 106 beads in 1 mL final volume.

Test plasma samples were diluted 1:400 in PBS buffer (pH 7.2) 
containing 0.3% Tween 20, 0.02% sodium azide, 0.5% casein, 
0.5% polyvinyl alcohol, 0.8% polyvinylpyrrolidone, and 3 µg/mL 
Escherichia coli extract (15, 18, 22). Multiplex bead assays for total 
IgG antibodies were performed as previously described (15, 23). 
Each assay plate included a buffer only blank, as well as positive 
and negative controls, and all samples were tested in duplicate. 
Data were collected using a BioPlex 200 instrument with BioPlex 
Manager version 6.1.1 software (BioRad, Hercules, CA, USA). 
Responses are reported as the average of the median fluorescent 
intensity minus background for the duplicate wells (MFI-BKG). 
Samples having a coefficient of variation of >15% between the 
duplicate wells for >3 positive antibody responses were repeated. 
All samples collected from one child were assayed on the same 
plate to minimize potential impacts caused by variability in assay 
performance.

Cutoffs for the responses to the vaccine antigens were deter-
mined using reference standards TE-3 (tetanus) and 10/262 
(diphtheria) purchased from National Institute for Biological 
Standards and Control in the Hertfordshire, UK. Twofold 
serial dilutions were performed, and a log–log plot used to fit 
a line to the data below the response plateau. Correlations 
were all consistently high. Median fluorescence intensity (MFI) 
cutoffs were as follows: diphtheria cutoff for complete protec-
tion = 0.1 IU/mL = 4,103 MFI-BKG (24, 25); tetanus cutoff for 
protection = 10 mIU/mL = 43 MFI-BKG (16, 26). The choice of 
measles N-protein assay cutoff was based on a receiver-operating 
characteristic curve analysis of 140 sera comparing multiplex 
bead assay to the “gold standard” plaque reduction neutralization 
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TaBle 1 | Characteristics of pregnant women (n = 99) from western Kenya enrolled in the cohort study.

characteristic sm egg positive (n = 42) sm egg negative (n = 57) p-Value

Age in years, median (range) 23 (14–36) 22 (16–39) 0.573

Gravidity, n (%) 1 7 (17.5) 12 (22.2) 0.852
2 10 (25.0) 13 (24.1)
3+ 23 (57.5) 29 (53.7)

Anemia, n (%) No anemia 16 (40.0) 12 (22.2) 0.004*
Mild anemia 13 (32.5) 7 (13.0)
Moderate anemia 10 (25.0) 33 (61.1)
Severe anemia 1 (2.5) 2 (3.7)

BMI, median (range) 22.8 (17.9–30.1) 22.6 (17.7–28.7) 0.531

Sm infection intensity, n (%) Negative (0 epg) – 57 (100) N/A
Light (1–100 epg) 27 (64.3) –
Moderate (101–400 epg) 9 (21.4) –
Heavy (>400 epg) 6 (14.3) –

Malaria smear Positive, n (%) 2 (5.0) 5 (9.3) 0.437

STH prevalence, n (%) Ascaris lumbricoides 0 (0) 4 (7.4) 0.079
Hookworm 1 (2.5) 5 (9.3) 0.185
Trichuris trichiura 2 (5.0) 2 (3.7) 0.758

Sm, Schistosoma mansoni, BMI, body mass index, STH, soil-transmitted helminthes.
*Indicates statistical significance.
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assay, a live virus infection assay that measures all classes of virus-
neutralizing immunoglobulin. The 149 MFI-BKG cutoff value 
calculated at the CDC in Atlanta, GA, USA, was translated to the 
data generated at KEMRI using a twofold serial dilution stand-
ard curve that was run at both locations. The resulting measles 
N-protein assay cutoff for the KEMRI BioPlex 200 instrument 
was 67 MFI-BKG units.

The optimal cutoff points for positive antibody levels against 
PfMSP1 were determined by assigning all mothers’ responses in 
this holoendemic area as positive and all children’s responses at 
20 weeks of age as negative and calculating an ROC curve and 
J-Index (GraphPad Prism version 6 for Windows, San Diego, 
CA, USA). The cutoff for anti-SEA antibodies was determined by 
using the mixture model reported in Cutoff Finder using R (27).

Development of the Final Dataset  
for analysis
The final dataset used for analysis was comprised of mother/
neonate pairs for which the mother and her neonate were con-
cordant for either presence or absence of anti-SEA IgG and for 
mother/neonate pairs where the mother’s plasma contained anti-
SEA IgG and her stool specimens were positive for S. mansoni 
eggs. Egg-negative mothers were Kato Katz-negative but could 
be anti-SEA IgG antibody negative or positive with a consistent 
antibody response in the neonate. Mothers in this category were 
assumed either to be: (a) uninfected; (b) previously infected; or 
(c) infected with low eggs per gram feces below the Kato Katz 
limit of detection. Mother/neonate pairs for which the mother 
and her neonate were discordant for the presence of any anti-SEA 
IgG (i.e., one member of the pair had specific antibody and the 
other was completely negative) were deemed to be mistakenly 
matched during data collection or entry and were, therefore, 
excluded from final analyses.

statistical analysis
Data were cleaned and analyzed using IBM SPSS Statistics 
for Windows, Version 24.0 (IBM Corp., Armonk, NY, USA). 
GraphPad Prism version 6 for Windows (La Jolla California) 
was used for statistical analyses as well as for graph preparation. 
Characteristics of the participating mothers were summarized 
using descriptive statistics. Anemia was categorized using 
WHO-recommended cutoffs (28) adjusted by age and altitude 
with the following hemoglobin values: normal (>11.1  g/dL), 
mild (10.2–11.1  g/dL), moderate (7.2–10.1  g/dL), and severe 
(<7.2  g/dL). Correlations between a mother’s and her infant’s 
antibody levels at birth were examined using Spearman’s cor-
relation test and simple linear regression. Antibody levels were 
log-transformed due to skewed distribution. The Mann–Whitney 
U test was used to compare vaccine antibody responses in S. man-
soni egg positive and negative mothers. To determine whether an 
infant reached a protective antibody level, the following cutoffs 
were used: diphtheria: 4,103 MFI (mean fluorescence intensity) 
minus background, tetanus: 43 MFI minus background, and 
Measles: 67 MFI minus background. Chi square analysis was used 
to determine whether the proportion of vaccine-protected infants 
differed between S. mansoni egg positive and negative mothers. 
Tests were considered statistically significant at p < 0.05.

resUlTs

Demographic characteristics of the study 
Participants at enrollment
A total of 99 mother/child pairs comprised the final dataset for 
analyses. The mothers’ ages and other general characteristics 
and the status of their parasitologic infections are shown in 
Table 1.
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FigUre 1 | Anti-tetanus IgG (a), anti-diphtheria IgG (B), and anti-measles IgG (c) levels at 2 years of age of infants born to mothers who were either egg positive 
(Sm+, represented by solid circles) or egg negative (Sm−, represented by solid squares) for Schistosoma mansoni. All IgG responses are shown as median 
fluorescence intensity (MFI) minus background (BKG). Data are presented as dot plots with means at centerline, and whiskers representing the SD. Comparison  
was done by Mann–Whitney U test. NS, not significant.
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impact of Mothers’ Malaria or 
schistosomiasis status on Their  
children’s antibody responses to  
Tetanus, Diphtheria, and Measles  
Vaccines at 2 Years of age
Only seven of the pregnant women were malaria smear-positive 
prior to delivery (Table  1). Analyses indicated that a mother’s 
malaria infection had no impact on the level of antibody response 
levels of her child at 2  years to tetanus, diphtheria, or measles 
antigens (data not shown). However, because of this low number 
of malaria-positive mothers, likely due to relatively standard 
malaria treatment during their antenatal visits, we do not present 
analyses of antibody infants antibody levels based on maternal 
malaria status.

At 2  years of age, whether a child’s mother was or was not 
positive for S. mansoni eggs during the child’s gestation had no 
significant effect on the level of either anti-tetanus IgG or anti-
diphtheria IgG (Figures 1A,B). In addition, the schistosomiasis 
status of mothers during their pregnancy did not impact the 
proportion of their children who had protective levels of anti-
tetanus toxoid or anti-diphtheria toxoid antibodies in their 
plasma (Figure  2). However, children born of mothers with 
schistosomiasis exhibited significantly lower mean levels of 
anti-measles N-protein antibodies at 2  years of age, compared 
to those born of mothers with no detectable S. mansoni eggs in 
their feces during their pregnancy (Figure 1C) (p =  0.023). In 
addition, the lower anti-measles N-protein antibody levels seen 
at 2 years of age in children born of S. mansoni-infected mothers 
translated, based on our estimated cutoff value, to a significantly 
lower proportion (62.5 vs. 90.2%, OR = 0.18, 95% CI = 0.04–0.68, 
p = 0.007) of these children with anticipated protection against 
measles (Figure  2). Analysis of mothers’ intensities of their  
S. mansoni infections in terms of eggs per gram of feces and the 
responses of their children to the vaccine immunizations did 
not show a relationship between these parameters for any of the 
vaccine responses.

Transplacental Transfer of igg to Parasite 
antigens From Mothers to Their neonates
Anti-SEA levels in the plasmas of all mothers and their neonates 
correlated well (Figure  3A). However, it should be noted that 
these pairs were selected based on concordance of the presence 
of anti-SEA IgG. They were not, however, selected based on anti-
SEA IgG levels. As with anti-SEA IgG, throughout the spectrum 
of antibody levels, mothers and their neonates shared similar 
anti-PfMSP119 levels (Figure 3B). Although the antibody levels 
of mothers and their neonates were generally low to both the 
AsHb and SsNIE antigens, they were again correlated between 
pairs across the MFI spectrum (Figures  3C,D). Maternal IgG 
antibodies against the antigens of parasites common in western 
Kenya were transported effectively from mother to fetus across 
the placenta (anti-SEA, r = 0.94; anti-PfMSP119, r = 0.89; anti-
AsHb, r = 0.80; anti-SsNIE, r = 0.65) and all correlations were 
significant (p < 0.0001).

igg antibody responses to Parasite 
antigens During the First 2 Years of life
In the relatively few neonates who demonstrated anti-AsHb or 
anti-SsNIE antibody responses, following decline of maternal 
antibody, none of the children exhibited IgG antibody responses 
to these antigens during their first 2 years of life (Figures 4A,B). 
However, following the waning of maternal antibodies to SEA, 4 
of the 65 children for whom there were specimens at 2 years of age 
(6%) were seen to have a vigorous IgG response to SEA, indicative 
of having acquired S. mansoni infection (Figure 5). At least two 
of these children had strong anti-SEA IgG responses by 1 year of 
age. Once generated, the anti-SEA responses of the four children 
remained stable or increased over time.

The anti-PfMSP119 patterns of responses after the decline 
of maternal antibody are presented in Figure 6. The responses 
of children between 9 months and 2 years of age fall into four 
categories: (A) no positive response (22 children); (B) a single 
positive response episode with negative levels on either side  
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FigUre 3 | Correlation of antibody levels of mothers and their neonates to 
parasite antigens soluble egg antigen (SEA) (a), PfMSP119 (B), Ascaris suum 
hemoglobin (AsHb) (c), and SsNIE (D). The solid line represents the 
regression trend line, flanked by dotted lines representing the 95% 
confidence interval (anti-SEA, r = 0.94; anti-PfMSP119, r = 0.89; anti-AsHb, 
r = 0.80; anti-SsNIE, r = 0.65). All correlations were significant (p < 0.0001).

FigUre 2 | Proportion of infants at 2 years of age, born to mothers who were 
either egg positive (Sm+) or egg negative (Sm−) for Schistosoma mansoni, 
who had protective levels of anti-tetanus toxoid or anti-diphtheria toxoid 
antibodies or who were positive for anti-measles nucleoprotein antibodies in 
their plasma. Cutoffs to determine these levels were as follows: tetanus cutoff 
for protection = 10 mIU/mL = 43 median fluorescence intensity (MFI) minus 
background (MFI-BKG); diphtheria cutoff for complete protection = 0.1 IU/
mL = 4,103 (MFI-BKG); and measles cutoff = 67 MFI-BKG units. 
Comparisons were done by chi square analysis. NS, not significant.
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Therefore, 53 of the 75 (70%) children followed through these 
time points had at least one positive anti-PfMSP119 episode and 
most of these had two or more, with many positive at consecutive 
time points.

DiscUssiOn

The impact of gestational schistosomiasis 
on a child’s Vaccine responses
The question of whether a schistosome infection impacts vaccine 
responses continues to be of potential public health importance. 
One aspect of this question concerns children and adults being 
immunized while infected with schistosomes. This has been 
addressed in multiple studies, with mixed results. In some cases, 
it seems that initial responsiveness to hepatitis B vaccine (a pri-
mary response) and tetanus toxoid (a secondary response) is not 
impacted in young adults, but that the levels of their responses 
tend to wane earlier if they harbored schistosomes when immu-
nized, perhaps indicating that those with schistosomiasis need to 
be boosted more regularly to maintain protective levels against 
these pathogens (29). Other studies in adults and children have 
not observed any significant impact by schistosome infections on 
vaccine responses (30, 31), while some smaller, earlier studies did 
report a negative impact (32).

The current study was designed to ask whether being born 
of a mother who had schistosomiasis during a child’s gestation 
altered their ability to respond to KEPI vaccines against tetanus, 
diphtheria, and measles. One potential confounder that should 
be mentioned is that we determined a mother’s schistosomiasis 
status based on the Kato Katz thick-smear stool assay, which is 
known to lack sensitivity in low intensity infections. We did assay 
three stool samples on three different days, using two slides per 
stool specimen, but we cannot rule out that some of our S. man-
soni egg-negative mothers may have had very light, undetected, 
S. mansoni infections. The question of whether a pregnant woman’s 
schistosomiasis status influences the responsiveness of their child 
to such vaccines has been studied previously (2, 33–36), again with 
mixed results. In some studies a mother’s schistosomiasis had no 
impact on vaccine responses (30, 31, 36–38), while in others it 
did (4, 33, 34). In the current study, we did not see an impact of a 
mother’s schistosomiasis status on anti-tetanus or anti-diphtheria 
responses, but as a group at 2 years of age, children born of moth-
ers with schistosomiasis responded with lower mean antibody 
levels to measles immunizations and proportionally fewer of 
them had levels that were above our assay cutoff. Our cutoff 
is estimated to correlate with protective levels of anti-measles 
antibodies (Figures 1 and 2). This result would seem to conflict 
with that of Webb, et al., 2011 (37), but in that report anti-measles 
responses were evaluated at 1 year of age, only 3  months after 
immunization, while we measured anti-measles antibody at 
2 years of age (15 months after their measles immunization). Also, 
our observation in regard to diphtheria is in contrast to Malhotra 
et al. (34) who observed an impaired ability of children born to 
mothers with various helminth infections or malaria to develop 
protective levels of IgG antibodies to diphtheria antigen. Possible 
explanations for this difference include that their study was on the 

(15 children); (C) a positive response, followed by a negative level, 
followed by a positive response (5 children); and (D) two to four 
positive responses in consecutive bleed periods (33 children). 
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FigUre 6 | Time course of IgG antibody responses to PfMSP119 among 
infants from birth to 2 years. x-Axis shows time of sample collection, 
calculated from birth in weeks. Maternal antibody response is shown at 
−10 weeks. Neonatal first bleed is shown at 1 week and subsequent bleeds 
are at 6 weeks and 5, 9, 12, 18, and 24 months. MFI, median fluorescence 
intensity; BKG, background. Horizontal line shows optimal cutoff (547) for 
positive antibody responses to PfMSP119.

FigUre 5 | Time course of IgG antibody responses to soluble egg antigen 
(SEA) of Schistosoma mansoni among infants from birth to 2 years. x-Axis 
shows time of sample collection, calculated from birth in weeks. Maternal 
antibody response is shown at −10 weeks. Neonatal first bleed is shown  
at 1 week and subsequent bleeds are at 6 weeks and 5, 9, 12, 18, and 
24 months. MFI, median fluorescence intensity; BKG, background. 
Horizontal line shows optimal cutoff (267) for positive antibody responses 
to S. mansoni SEA.

FigUre 4 | Time course of IgG antibody responses to Ascaris suum hemoglobin (AsHb) (a) and SsNIE (B) among infants from birth to 2 years. x-Axis shows time 
of sample collection, calculated from birth in weeks. Maternal antibody response is shown at −10 weeks. Neonatal first bleed is shown at 1 week and subsequent 
bleeds are at 6 weeks and 5, 9, 12, 18, and 24 months. MFI, median fluorescence intensity; BKG, background.
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impact of S. haematobium, rather than S. mansoni, the children 
were followed every 6 months until 36 months of age, and the 
infection status of the mothers was based on both parasitologic 
and antibody data (i.e., anti-schistosome worm IgG4 levels).

antibody responses of children Born in 
Western Kenya to Parasite antigens
The study design also allowed us to evaluate the maternal to 
child placental transfer of antiparasite antibodies to S. mansoni, 
P. falciparum, A. lumbricoides, and S. stercoralis, all pathogens that 
could be encountered by children in our study area. Analyses of 
the antibody levels in the paired plasmas of the mothers and their 

newborns confirmed the strong correlation anticipated between 
these levels, which is based on the active transport of IgG across 
the placental by FcRn (39) and results in neonate antibody con-
centrations that equal or even exceed maternal levels at delivery 
(40). Western Kenya is an area known to have relatively high levels 
of placental malaria, which could make this observation worthy 
of note. However, because only 7 of the 99 mothers studied had 
smear-positive malaria, the interpretation of whether placental 
malaria, which is best diagnosed by biopsy, interferes with IgG 
antibody placental transfer is not possible. However, several stud-
ies have associated placental malaria with decreased transfer of 
antibodies to measles, pneumococcus, and tetanus (41–43).

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


8

Ondigo et al. Maternal Schistosomiasis and Neonatal Antibody Responses

Frontiers in Immunology | www.frontiersin.org June 2018 | Volume 9 | Article 1402

In addition, by following plasma levels of antiparasite antibod-
ies of the newborns through to the age of 2 years, we were able to 
assess first the decrease of maternal antiparasite antibodies and 
then any rise in antiparasite antibodies that might likely reflect 
exposure to and/or acquisition of infection by those parasites. 
In this regard, it was clear that whatever antibodies the neonates 
received from their mothers against A. lumbricoides and against 
S. stercoralis were lost over the postnatal period and none devel-
oped in any of the 99 children over the first 2 years of their life 
(Figures 4A,B). This observation likely indicates a very low level 
of early life incidence of these two helminths in this area of Kenya. 
This is consistent with our previously reported very low levels of 
ascariasis in schoolchildren in the area (44) and in surrounding 
regions (45).

Children’s responses to SEA, indicative of infection by schisto-
somes, demonstrate that some children had acquired schistoso-
miasis as early as 1 and 2 years of age (Figure 5). This observation 
is in complete agreement with what is now widely accepted, 
i.e., that the incidence of schistosomiasis in preschool children 
is higher than previously thought (46, 47), and that preschool 
aged children (PSAC) are at risk of schistosomiasis-associated 
morbidity (48–50). Our observation of anti-SEA responses early 
in life in this area is also consistent with that of Won et al. (18). 
Although the need to treat PSAC is now clear, PZQ tablets are 
large and bitter tasting, making it a challenge to conduct MDA 
in this group. Therefore, it is worth noting that there is an active 
international public–private consortium working to develop a 
pediatric formulation of PZQ and it is now undergoing clinical 
trials (51–53).

Following the decline of maternal anti-PfMSP119 antibodies, 
between 9 months and 2 years 53 of 75 children presented at on 
time or another with positive anti-PFMSP119 responses. 15 chil-
dren had a single episode of positive levels of anti-PfMSP119 IgG, 
5 had multiple episodes separated by periods of negative levels, 
and 33 were anti-PfMSP119-positive at 2, 3, or 4 consecutive time 
points (Figure 6). There is evidence of in utero sensitization of 
both T and B lymphocytes to PfMSP-1 (54). However, based 
on the low level of malarial smear positivity of the mothers in 
our study and the decline in most children to baseline of the 
anti-PfMSP119 responses by 20  weeks, we conjecture that the 
anti-PfMSP119 IgG episodes we detected between 9 months and 
2 years are indicative of recently acquired P. falciparum infections 
(55, 56). Thus, based on antibody responses, only 22 out of 75 
(29%) children never experienced a P. falciparum infection by the 
age of 2 years. While this might be expected in this area, which is 
holoendemic for P. falciparum, this documentation is of interest 
in the face of multiple malaria control programs in the area (57).

In conclusion, our data indicate that the presence or absence 
of S. mansoni in a pregnant woman does not significantly impact 
her neonate’s ability to respond to immunizations against tetanus 
or diphtheria. In addition, the data suggest that while many neo-
nates born of mothers with S. mansoni respond reasonably well to 
their 9-month measles immunization, some do not. The antibody 
levels against measles N-protein and the proportion of children 
who were IgG positive are statistically lower for children born to 
S. mansoni-infected mothers compared to children whose mother 
was S. mansoni-negative. This may mean that to get optimum 

effectiveness of measles immunization, treating pregnant women 
for their schistosomiasis should be emphasized, which would be 
beneficial for both the mother and child. Additional studies of 
measles vaccine efficacy need to be done to determine whether 
children in schistosomiasis endemic areas may benefit from 
receiving an extra measles vaccine booster dose.

DaTa aVailaBiliTY

All relevant data are presented within the article.

eThics sTaTeMenT

The research protocol was approved by the Scientific Steering 
Committee of the Kenya Medical Research Institute (SSC-
KEMRI), KEMRI/Scientific Ethical Review Unit (Protocol No. 
2303) and the Institutional Review Board at the University of 
Georgia (Protocol No. 00004091). The Centers for Disease Control 
and Prevention (CDC) also reviewed the protocol; CDC personnel 
were considered not to be engaged because they had no contact 
with study participants or access to personal identifiers. All sub-
jects provided written informed consent in accordance with the 
Declaration of Helsinki.

aUThOr cOnTriBUTiOns

DC, WS, EM, and DK participated in the study design. EM, 
JO, and BO led the enrollment of subjects and the collection of 
specimens, and HK, EM, SN, EN, and BO performed the labora-
tory assays of the specimens. NK and JP analyzed the data, and 
DC, WS, NK, JP, and BO wrote the manuscript. All authors par-
ticipated in reviewing and editing the manuscript and concurred 
with the final manuscript.

acKnOWleDgMenTs

The authors thank the infants and their parents for participation 
in this study and appreciate the support of many staff members 
at Kenya Medical Research Institute, Kisian, Kisumu, including 
Keziah Odhiambo, Mildred Masanya, Churchil Orao, Mohammed 
Simiyu, Nobert Hayo, and Brian Omondi. The authors also thank 
Ryan Weigand for his assistance with cutoff optimization for the 
parasite antigen responses and helpful comments. The authors 
are grateful to Peter Geldhof of Ghent University for the kind 
provision of native hemoglobin (AsHb) purified from A. suum 
worms. The authors wish to thank members of the Vaccine 
Preventable Disease Branch (CDC), including Sun Bae Sowers, 
for sharing measles PRNT data. This work is published with the 
permission of the Office of the Director of the Kenya Medical 
Research Institute. The findings and conclusions in this report 
are those of the authors and do not necessarily represent the 
views of the funding agency or CDC. Use of trade names is for 
identification only and does not imply endorsement by the Public 
Health Service or by the U.S. Department of Health and Human 
Services. This study was supported by a grant from the National 
Institutes of Allergy and Infectious Diseases (R01 AI053695) 
awarded to DC.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


9

Ondigo et al. Maternal Schistosomiasis and Neonatal Antibody Responses

Frontiers in Immunology | www.frontiersin.org June 2018 | Volume 9 | Article 1402

reFerences

1. Colditz GA, Brewer TF, Berkey CS, Wilson ME, Burdick E, Fineberg HV, 
et al. Efficacy of BCG vaccine in the prevention of tuberculosis: meta-analysis 
of the published literature. JAMA (1994) 271:698–702. doi:10.1001/jama. 
1994.03510330076038 

2. Malhotra I, Mungai P, Wamachi A, Kioko J, Ouma JH, Kazura JW, et  al. 
Helminth- and bacillus Calmette-Guérin-induced immunity in children sen-
sitized in utero to filariasis and schistosomiasis. J Immunol (1999) 162:6843–8. 

3. Elias D, Akuffo H, Pawlowski A, Haile M, Schön T, Britton S. Schistosoma 
mansoni infection reduces the protective efficacy of BCG vaccination against 
virulent Mycobacterium tuberculosis. Vaccine (2005) 23:1326–34. doi:10.1016/ 
j.vaccine.2004.09.038 

4. LaBeaud AD, Malhotra I, King MJ, King CL, King CH. Do antenatal parasite 
infections devalue childhood vaccination? PLoS Negl Trop Dis (2009) 3:e442. 
doi:10.1371/journal.pntd.0000442 

5. Steel C, McCarthy JS, Ottesen E, Guinea A. Long-term effect of prenatal 
exposure to maternal microfilaraemia on immune responsiveness to filarial 
parasite antigens. Lancet (1994) 343:890–3. doi:10.1016/S0140-6736(94) 
90009-4 

6. Djuardi Y, Wammes LJ, Supali T, Sartono E, Yazdanbakhsh M. Immunological 
footprint: the development of a child’s immune system in environments rich in 
microorganisms and parasites. Parasitology (2011) 138:1508–18. doi:10.1017/
S0031182011000588 

7. WHO. Immunization Coverage Fact Sheet 2018. (2018). Available from: www.
who.int/mediacentre/factsheets/fs378/en/ (Accessed: April 4, 2018).

8. WHO. Report of the WHO Informal Consultation on Monitoring Drug 
Efficacy in the Control of Schistosomiasis and Intestinal Nematodes. Geneva, 
Switzerland (1998).

9. Allen H, Crompton DWT, De Silva N, LoVerde PT, Olds GR. New policies 
for using anthelmintics in high risk groups. Trends Parasitol (2002) 18:381–2. 
doi:10.1016/S1471-4922(02)02386-3 

10. WHO. Report of the WHO Informal Consultation on the Use of Praziquantel 
during Pregnancy/Lactation and Albendazole/Mebendazole in Children Under 
24 Months; 8–9 April 2002. Geneva, Switzerland (2003).

11. Friedman JF, Mital P, Kanzaria HK, Olds GR, Kurtis JD. Schistosomiasis and 
pregnancy. Trends Parasitol (2007) 23:159–64. doi:10.1016/j.pt.2007.02.006 

12. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-
smear technique in Schistosomiasis mansoni. Rev Inst Med Trop Sao Paulo 
(1972) 14:397–400. 

13. Rascoe LN, Price C, Shin SH, McAuliffe I, Priest JW, Handali S. Development 
of Ss-NIE-1 recombinant antigen based assays for immunodiagnosis of 
Strongyloidiasis. PLoS Negl Trop Dis (2015) 9:e0003694. doi:10.1371/journal.
pntd.0003694 

14. Rogier E, Wiegand R, Moss D, Priest J, Angov E, Dutta S, et  al. Multiple 
comparisons analysis of serological data from an area of low Plasmodium 
falciparum transmission. Malar J (2015) 14:436. doi:10.1186/s12936-015- 
0955-1 

15. Moss DM, Priest JW, Boyd A, Weinkopff T, Kucerova Z, Beach MJ, et  al. 
Multiplex bead assay for serum samples from children in Haiti enrolled in a 
drug study for the treatment of lymphatic filariasis. Am J Trop Med Hyg (2011) 
85:229–37. doi:10.4269/ajtmh.2011.11-0029 

16. Scobie HM, Mao B, Buth S, Wannemuehler KA, Sørensen C, Kannarath C, 
et  al. Tetanus immunity among women aged 15 to 39 years in Cambodia: 
a national population-based serosurvey, 2012. Clin Vaccine Immunol (2016) 
23:546–54. doi:10.1128/CVI.00052-16 

17. Moss DM, Montgomery JM, Newland SV, Priest JW, Lammie PJ. Detection of 
cryptosporidium antibodies in sera and oral fluids using multiplex bead assay. 
J Parasitol (2004) 90:397–404. doi:10.1645/GE-3267 

18. Won KY, Kanyi HM, Mwende FM, Wiegand RE, Goodhew EB, Priest JW, et al. 
Multiplex serologic assessment of schistosomiasis in Western Kenya: antibody 
responses in preschool aged children as a measure of reduced transmission. 
Am J Trop Med Hyg (2017) 96:1460–7. doi:10.4269/ajtmh.16-0665 

19. Vlaminck J, Nejsum P, Vangroenweghe F, Thamsborg SM, Vercruysse J, 
Geldhof P. Evaluation of a serodiagnostic test using Ascaris suum haemoglobin 
for the detection of roundworm infections in pig populations. Vet Parasitol 
(2012) 189:267–73. doi:10.1016/j.vetpar.2012.04.024 

20. Vlaminck J, Supali T, Geldhof P, Hokke CH, Fischer PU, Weil GJ. Community 
rates of IgG4 antibodies to Ascaris haemoglobin reflect changes in community 

egg loads following mass drug administration. PLoS Negl Trop Dis (2016) 
10:e0004532. doi:10.1371/journal.pntd.0004532 

21. Hummel KB, Erdman DD, Heath J, Bellini WJ. Baculovirus expression of the 
nucleoprotein gene of measles virus and utility of the recombinant protein in 
diagnostic enzyme immunoassays. J Clin Microbiol (1992) 30:2874–80. 

22. Waterboer T, Sehr P, Pawlita M. Suppression of non-specific binding in sero-
logical Luminex assays. J Immunol Methods (2006) 309:200–4. doi:10.1016/j.
jim.2005.11.008 

23. Hamlin KL, Moss DM, Priest JW, Roberts J, Kubofcik J, Gass K, et  al. 
Longitudinal monitoring of the development of antifilarial antibodies and 
acquisition of Wuchereria bancrofti in a highly endemic area of Haiti. PLoS 
Negl Trop Dis (2012) 6:e1941. doi:10.1371/journal.pntd.0001941 

24. Scheifele DW, Ochnio J. The Immunological Basis for Immunizations Series, 
Module 2: Diphtheria Update. Immunization, Vaccines and Biologicals. Geneva, 
Switzerland: World Health Organization (2009).

25. Di Giovine P, Pinto A, Ölander RM, Sesardic D, Stickings P, Berbers G, et al. 
External quality assessment for the determination of diphtheria antitoxin in 
human serum. Clin Vaccine Immunol (2010) 17:1282–90. doi:10.1128/CVI. 
00096-10 

26. Borrow R, Balmer P, Roper MH. The Immunological Basis for Immunization 
Series Module 3: Tetanus Update 2006 Immunization, Vaccines and Biologicals. 
Geneva, Switzerland: World Health Organization (2009).

27. Budczies J, Klauschen F, Sinn BV, Gyorffy B, Schmitt WD, Darb-Esfahani S, 
et  al. Cutoff finder: a comprehensive and straightforward web application 
enabling rapid biomarker cutoff optimization. PLoS One (2012) 7:e51862. 
doi:10.1371/journal.pone.0051862 

28. WHO. Report of a Meeting to Review the Results of Studies on the Treatment of 
Schistosomiasis in Preschool-Age Children. Geneva, Switzerland (2011).

29. Riner DK, Ndombi EM, Carter JM, Omondi A, Kittur N, Kavere E, et  al. 
Schistosoma mansoni infection can jeopardize the duration of protective 
levels of antibody responses to immunizations against hepatitis B and tetanus 
toxoid. PLoS Negl Trop Dis (2016) 10:e0005180. doi:10.1371/journal.pntd. 
0005180 

30. Nash S, Mentzer AJ, Lule SA, Kizito D, Smits G, van der Klis FRM, et al. The 
impact of prenatal exposure to parasitic infections and to anthelminthic 
treatment on antibody responses to routine immunisations given in infancy: 
secondary analysis of a randomised controlled trial. PLoS Negl Trop Dis (2017) 
11:e0005213. doi:10.1371/journal.pntd.0005213 

31. Elliott AM, Mawa PA, Webb EL, Nampijja M, Lyadda N, Bukusuba J, et al. 
Effects of maternal and infant co-infections, and of maternal immunisation, 
on the infant response to BCG and tetanus immunisation. Vaccine (2010) 
29:247–55. doi:10.1016/j.vaccine.2010.10.047 

32. Sabin EA, Araujo MI, Carvalho EM, Pearce EJ. Impairment of tetanus toxoid- 
specific Th1-like immune responses in humans infected with Schistosoma 
mansoni. J Infect Dis (1996) 173:269–72. doi:10.1093/infdis/173.1.269 

33. Malhotra I, LaBeaud AD, Morris N, McKibben M, Mungai P, Muchiri E, et al. 
Cord blood antiparasite interleukin 10 as a risk marker for compromised 
vaccine immunogenicity in early childhood. J Infect Dis (2018) 217:1426–34. 
doi:10.1093/infdis/jiy047 

34. Malhotra I, McKibben M, Mungai P, McKibben E, Wang X, Sutherland LJ, 
et  al. Effect of antenatal parasitic infections on anti-vaccine IgG levels in 
children: a prospective birth cohort study in Kenya. PLoS Negl Trop Dis (2015) 
9:e0003466. doi:10.1371/journal.pntd.0003466 

35. Ghaffar YA, Kamel M, El-Sobky M, Bahnasy R, Strickland GT. Response to 
hepatitis B vaccine in infants born to mothers with schistosomiasis. Lancet 
(1989) 2:272. doi:10.1016/S0140-6736(89)90453-4 

36. Bassily S, Kotkat A, Hyams KC, Youssef FG, El-Masry NA, Arthur R, et al. 
Immunogenicity of recombinant hepatitis B vaccine among infants of mothers 
with active schistosomiasis. Am J Trop Med Hyg (1997) 57:197–9. doi:10.4269/
ajtmh.1997.57.197 

37. Webb EL, Mawa PA, Ndibazza J, Kizito D, Namatovu A, Kyosiimire-Lugemwa J,  
et  al. Effect of single-dose anthelmintic treatment during pregnancy on an 
infant’s response to immunisation and on susceptibility to infectious diseases 
in infancy: a randomised, double-blind, placebo-controlled trial. Lancet 
(2011) 377:52–62. doi:10.1016/S0140-6736(10)61457-2 

38. Kizito D, Tweyongyere R, Namatovu A, Webb EL, Muhangi L, Lule SA, et al. 
Factors affecting the infant antibody response to measles immunisation in 
Entebbe-Uganda. BMC Public Health (2013) 13:619. doi:10.1186/1471-2458- 
13-619 

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1001/jama.
1994.03510330076038
https://doi.org/10.1001/jama.
1994.03510330076038
https://doi.org/10.1016/
j.vaccine.2004.09.038
https://doi.org/10.1016/
j.vaccine.2004.09.038
https://doi.org/10.1371/journal.pntd.0000442
https://doi.org/10.1016/S0140-6736(94)
90009-4
https://doi.org/10.1016/S0140-6736(94)
90009-4
https://doi.org/10.1017/S0031182011000588
https://doi.org/10.1017/S0031182011000588
http://www.who.int/mediacentre/factsheets/fs378/en/
http://www.who.int/mediacentre/factsheets/fs378/en/
https://doi.org/10.1016/S1471-4922(02)02386-3
https://doi.org/10.1016/j.pt.2007.02.006
https://doi.org/10.1371/journal.pntd.0003694
https://doi.org/10.1371/journal.pntd.0003694
https://doi.org/10.1186/s12936-015-
0955-1
https://doi.org/10.1186/s12936-015-
0955-1
https://doi.org/10.4269/ajtmh.2011.11-0029
https://doi.org/10.1128/CVI.00052-16
https://doi.org/10.1645/GE-3267
https://doi.org/10.4269/ajtmh.16-0665
https://doi.org/10.1016/j.vetpar.2012.04.024
https://doi.org/10.1371/journal.pntd.0004532
https://doi.org/10.1016/j.jim.2005.11.008
https://doi.org/10.1016/j.jim.2005.11.008
https://doi.org/10.1371/journal.pntd.0001941
https://doi.org/10.1128/CVI.
00096-10
https://doi.org/10.1128/CVI.
00096-10
https://doi.org/10.1371/journal.pone.0051862
https://doi.org/10.1371/journal.pntd.
0005180
https://doi.org/10.1371/journal.pntd.
0005180
https://doi.org/10.1371/journal.pntd.0005213
https://doi.org/10.1016/j.vaccine.2010.10.047
https://doi.org/10.1093/infdis/173.1.269
https://doi.org/10.1093/infdis/jiy047
https://doi.org/10.1371/journal.pntd.0003466
https://doi.org/10.1016/S0140-6736(89)90453-4
https://doi.org/10.4269/ajtmh.1997.57.197
https://doi.org/10.4269/ajtmh.1997.57.197
https://doi.org/10.1016/S0140-6736(10)61457-2
https://doi.org/10.1186/1471-2458-
13-619
https://doi.org/10.1186/1471-2458-
13-619


10

Ondigo et al. Maternal Schistosomiasis and Neonatal Antibody Responses

Frontiers in Immunology | www.frontiersin.org June 2018 | Volume 9 | Article 1402

39. Simister NE. Placental transport of immunoglobulin G. Vaccine (2003) 
21:3365–9. doi:10.1016/S0264-410X(03)00334-7 

40. de Voer RM, van der Klis FRM, Nooitgedagt JE, Versteegh FGA, van 
Huisseling JCM, van Rooijen DM, et al. Seroprevalence and placental trans-
portation of maternal antibodies specific for Neisseria meningitidis serogroup 
C, Haemophilus influenzae type B, diphtheria, tetanus, and pertussis. Clin 
Infect Dis (2009) 49:58–64. doi:10.1086/599347 

41. Okoko BJ, Wesuperuma LH, Ota MO, Banya WA, Pinder M, Gomez FS, et al. 
Influence of placental malaria infection and maternal hypergammaglobuli-
naemia on materno-foetal transfer of measles and tetanus antibodies in a rural 
west African population. J Health Popul Nutr (2001) 19:59–65. 

42. Brair ME, Brabin B, Milligan P, Maxwell S, Hart CA. Reduced transfer of teta-
nus antibodies with placental malaria. Lancet (1994) 343:208–9. doi:10.1016/
S0140-6736(94)90991-1 

43. Cumberland P, Shulman CE, Maple PAC, Bulmer JN, Dorman EK, Kawuondo K,  
et  al. Maternal HIV infection and placental malaria reduce transplacental 
antibody transfer and tetanus antibody levels in newborns in Kenya. J Infect 
Dis (2007) 196:550–7. doi:10.1086/519845 

44. Karanja DMS, Riner DK, Carter JM, Kittur N, Guya B, Abudho BO, et  al. 
Impact of four years of annual mass drug administration on prevalence and 
intensity of schistosomiasis among primary and high school children in 
Western Kenya: a repeated cross-sectional study. Am J Trop Med Hyg (2018) 
98(5):1397–402. doi:10.4269/ajtmh.17-0908 

45. Obala AA, Simiyu CJ, Odhiambo DO, Nanyu V, Chege P, Downing R, et al. 
Webuye health and demographic surveillance systems baseline survey of 
soil-transmitted helminths and intestinal protozoa among children up to five 
years. J Trop Med (2013) 2013:734562. doi:10.1155/2013/734562 

46. Stothard JR, Sousa-Figueiredo JC, Betson M, Bustinduy A, Reinhard-Rupp J.  
Schistosomiasis in African infants and preschool children: let them now be 
treated! Trends Parasitol (2013) 29:197–205. doi:10.1016/j.pt.2013.02.001 

47. King CH, Galvani AP. Underestimation of the global burden of schistosomia-
sis. Lancet (2018) 391:307–8. doi:10.1016/S0140-6736(18)30098-9 

48. Osakunor DNM, Mduluza T, Midzi N, Chase-Topping M, Mutsaka- 
Makuvaza MJ, Chimponda T, et al. Dynamics of paediatric urogenital schisto-
some infection, morbidity and treatment: a longitudinal study among pre-
school children in Zimbabwe. BMJ Glob Health (2018) 3:e000661. doi:10.1136/ 
bmjgh-2017-000661 

49. Poole H, Terlouw DJ, Naunje A, Mzembe K, Stanton M, Betson M, et  al. 
Schistosomiasis in pre-school-age children and their mothers in Chikhwawa 
district, Malawi with notes on characterization of schistosomes and snails. 
Parasit Vectors (2014) 7:153. doi:10.1186/1756-3305-7-153 

50. Magalhães RJS, Clements ACA. Mapping the risk of anaemia in preschool-age 
children: the contribution of malnutrition, malaria, and helminth infections in 
West Africa. PLoS Med (2011) 8:e1000438. doi:10.1371/journal.pmed.1000438 

51. WHO. Report of a Meeting to Review the Results of Studies on the Treatment of 
Schistosomiasis in Preschool-Age Children. Geneva, Switzerland (2010).

52. Mduluza T, Mutapi F. Putting the treatment of paediatric schistosomiasis into 
context. Infect Dis Poverty (2017) 6:85. doi:10.1186/s40249-017-0300-8 

53. Reinhard-Rupp J, Klohe K. Developing a comprehensive response for 
treatment of children under 6 years of age with schistosomiasis: research and 
development of a pediatric formulation of praziquantel. Infect Dis Poverty 
(2017) 6:122. doi:10.1186/s40249-017-0336-9 

54. King CL, Malhotra I, Wamachi A, Kioko J, Mungai P, Wahab SA, et al. Acquired 
immune responses to Plasmodium falciparum merozoite surface protein-1 in 
the human fetus. J Immunol (2002) 168:356–64. doi:10.4049/jimmunol.168. 
1.356 

55. Fowkes FJI, Richards JS, Simpson JA, Beeson JG. The relationship between 
anti-merozoite antibodies and incidence of Plasmodium falciparum malaria: a 
systematic review and meta-analysis. PLoS Med (2010) 7:e1000218. doi:10.1371/ 
journal.pmed.1000218 

56. Stanisie DI, Richards JS, McCallum FJ, Michon P, King CL, Schoepflin S, 
et  al. Immunoglobulin G subclass-specific responses against Plasmodium 
falciparum merozoite antigens are associated with control of parasitemia 
and protection from symptomatic illness. Infect Immun (2009) 77:1165–74. 
doi:10.1128/IAI.01129-08 

57. Gama E, Were V, Ouma P, Desai M, Niessen L, Buff AM, et al. Large-scale 
implementation of disease control programmes: a cost-effectiveness anal-
ysis of long-lasting insecticide-treated bed net distribution channels in a 
malaria-endemic area of western Kenya—a study protocol. BMJ Open (2016) 
6:e012776. doi:10.1136/bmjopen-2016-012776 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2018 Ondigo, Muok, Oguso, Njenga, Kanyi, Ndombi, Priest, Kittur, 
Secor, Karanja and Colley. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) and the 
copyright owner are credited and that the original publication in this journal is cited, 
in accordance with accepted academic practice. No use, distribution or reproduction 
is permitted which does not comply with these terms.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1016/S0264-410X(03)00334-7
https://doi.org/10.1086/599347
https://doi.org/10.1016/S0140-6736(94)90991-1
https://doi.org/10.1016/S0140-6736(94)90991-1
https://doi.org/10.1086/519845
https://doi.org/10.4269/ajtmh.17-0908
https://doi.org/10.1155/2013/734562
https://doi.org/10.1016/j.pt.2013.02.001
https://doi.org/10.1016/S0140-6736(18)30098-9
https://doi.org/10.1136/
bmjgh-2017-000661
https://doi.org/10.1136/
bmjgh-2017-000661
https://doi.org/10.1186/1756-3305-7-153
https://doi.org/10.1371/journal.pmed.1000438
https://doi.org/10.1186/s40249-017-0300-8
https://doi.org/10.1186/s40249-017-0336-9
https://doi.org/10.4049/jimmunol.168.
1.356
https://doi.org/10.4049/jimmunol.168.
1.356
https://doi.org/10.1371/journal.pmed.1000218
https://doi.org/10.1371/journal.pmed.1000218
https://doi.org/10.1128/IAI.01129-08
https://doi.org/10.1136/bmjopen-2016-012776
https://creativecommons.org/licenses/by/4.0/

	Impact of Mothers’ Schistosomiasis Status During Gestation on Children’s IgG Antibody Responses to Routine Vaccines 2 Years Later and Anti-Schistosome and Anti-Malarial Responses by Neonates in Western Kenya
	Introduction
	Materials and Methods
	Study Design and Study Participants
	Ethical Statement
	Blood Collection and Processing
	Diagnosis of Schistosomiasis, STHs, 
and Malaria
	IgG Antibody Levels Measured by 
Luminex Multiplex Bead Assay
	Development of the Final Dataset 
for Analysis
	Statistical Analysis

	Results
	Demographic Characteristics of the Study Participants at Enrollment
	Impact of Mothers’ Malaria or Schistosomiasis Status on Their 
Children’s Antibody Responses to 
Tetanus, Diphtheria, and Measles 
Vaccines at 2 Years of Age
	Transplacental Transfer of IgG to Parasite Antigens From Mothers to Their Neonates
	IgG Antibody Responses to Parasite Antigens During the First 2 Years of Life

	Discussion
	The Impact of Gestational Schistosomiasis on a Child’s Vaccine Responses
	Antibody Responses of Children Born in Western Kenya to Parasite Antigens

	Data Availability
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


