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Anti-Schistosoma |gG responses in
Schistosoma haematobium single and
concomitant infection with malaria parasites

Olajumoke A. Morenikeji’, Olumide Adeleye’, Ewean C. Omoruyi?,
Oyetunde T. Oyeyemi3

Departmentof Zoology, University of Ibadan, Ibadan, Nigeria, 2Institute of Child Health, University College
Hospital, University of Ibadan, Ibadan, Nigeria, 3Department of Basic Sciences, Babcock University,
Ilishan-Remo, Nigeria

Areas prone to schistosomiasis are also at risk of malaria transmission. The interaction between the causal agents
of the two diseases could modulate immune responses tailored toward protecting or aggravating morbidity
dynamics and impair Schistosoma diagnostic precision. This study aimed at assessing the effect of Plasmodium
spp. in concomitant infection with Schistosoma haematobium in modulation of anti-Schistosoma IgG antibodies.
The school-based cross-sectional study recruited a total of 322 children screened for S. haematobium and
Plasmodium spp. Levels of IgG against S. haematobium-soluble egg antigen (SEA) in single S. haematobium/
malaria parasites infection and co-infection of the two parasites in schoolchildren were determined. Data were
analyzed using x?, Fisher’s exact test, and Tukey’s multiple comparison test analyses. The prevalence of single
infection by S. haematobium, Plasmodium spp., and concurrent infection due to the two pathogens was 27.7,
41.0, and 9.3%, respectively (p < 0.0001). Anti-Schistosoma IgG production during co-infection of the two
pathogens (1.950 + 0.742 AU) was significantly higher than the value recorded for single malaria parasites’
infection (1.402 + 0.670 AU) (p < 0.01) but not in S. haematobium infection (1.591 + 0.604 AU) (p > 0.05). The
anti-Schistosoma IgG production in co-infection status was however dependent on the intensity of Plasmodium
spp. with individuals having high intensity of malaria parasites recording lower anti-Schistosoma 1gG. This study
has implication for diagnosis of schistosomiasis where anti-Schistosoma IgG is used as an indicator of infection.
Efforts should be made to control the two infections simultaneously in order not to undermine the efforts targeted

toward the control of one.
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Introduction
Schistosomiasis and malaria are two most important par-
asitic diseases in developing countries in terms of their
socioeconomic impact and public health implications.'
Despite efforts put in place to curtail the spread of these
diseases in sub-Saharan Africa, their spread to new foci has
made these efforts not to be well appreciated. Considering
the overlap in the distributions of the two diseases, co-
infection with the causal parasites is common. The coexist-
ence of Schistosoma haematobium and Plasmodium falci-
parum may have a bearing on their epidemiology, on the
development of acquired resistance to infection with one or
other parasite, and may have implications for their control.?
Schistosoma infection, like many helminth infections,
favors Th2-like immune response in human host, with
skewing of host immune response to non-schistosomal
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‘bystander’ antigens from Th1-like to Th2-like in murine
model.® It is likely that immunological interactions
between Schistosoma spp. and malaria parasites have
implications in the modulation of human immunological
responses. These immunological interactions are closely
related in schistosomiasis and malaria morbidities.** More
importantly, the balance of IgG4 and IgE is responsible
for building up protective immunity to schistosomiasis.>®

The co-infection of the two parasites in the local gov-
ernment area in our previous studies’® and given that host
immunological response is specific to a particular parasite,
the idea that concomitant occurrence of S. haematobium
and Plasmodium spp. could modulate host response spe-
cific to schistosomiasis is worth investigating. The quanti-
fication of specific anti-Schistosoma antibodies (IgG) and
other antibodies’ isotypes in infected individuals forms
the basis for indirect immunodiagnosis of schistosomiasis
with these antibodies’ titers either correlating or not with
the intensity of Schistosoma spp.®™!! The anti-Schistosoma

Pathogens and Global Health 2016


mailto:jumoke.morenikeji@mail.ui.edu.ng
mailto:oyeyemio@babcock.edu.ng

Downloaded by [Oyetunde Salawu] at 11:37 20 April 2016

Morenikeji et al. Anti-Schistosoma 1gG responses

IgG response also serves as biomarker for schistosomia-
sis severity of which the presence of Plasmodium spp.
infection in co-infection status'? can modulate its course.
We therefore assessed the specific anti-schistosomiasis
antibody responses (IgG) in single S. haematobium and
concomitant infection with malaria parasites.

Methods

Study Area

The study was carried out in [joun community located
in Yewa North Local Government Area (LGA) of Ogun
State, Nigeria. The community is rural, lacking some basic
amenities. The sociocultural practices of the people are
such that they favor exposure to Schistosoma and malaria
parasite infections. Water from wells is not potable due to
complaints about its hardness, thus leaving the dwellers
with no option than making use of river bodies for their
domestic purposes. The water hardness is a result of the
presence of limestone in the area, which necessitated the
establishment of a cement factory in the area. Two rivers,
Idi and Iju, are present in the area and had been reported
to harbor Schistosoma spp.-infected snails.'*'3

Sample Size Determination

The study which was conducted between March and
August 2014 was cross-sectional and non-randomized.
Informed consent was obtained from parents and guard-
ians of primary school pupils of age range 5-19 years
recruited for the study. Using the co-infection prevalence
of S. haematobium and P. falciparum (28.0%) in our previ-
ous study,? the minimum sample size computed with 0.05
precision was 310. The statistical power used was 90.0%.
Overall, 399 individuals were recruited with 322 subjects
included in the final analysis of the study.

Parasitological Screenings

Pre-labeled, clean, dry, screw-capped universal bottles
were given to volunteered participants to collect freshly
passed mid-day urine samples between 10 and 2 pm. Urine
(10 mL) was measured and subjected to centrifugation
at 4000 rpm for 4 min. The sediment, after discarding
the supernatant, was placed on a clean microscope slide
and viewed under the x 10 magnification. Schistosoma
haematobium-positive urine samples with characteristic
egg shape (elliptical and terminal spine) were recorded.'®
The intensity of S. haematobium infection was categorized
into three according to the World Health Organization
recommendations. These included light infection
(1-9 eggs/10 mL of urine), moderate infection (1049
eggs/10 mL), and heavy infection (>50 eggs/10 mL)."”
Schistosoma haematobium-infected children were treated
with 40 mg/kg single dose of praziquantel.

Thick and thin blood smears prepared on a clean slide,
fixed and stained with 10% Giemsa stain, were observed
under x 100 microscope objective lens in a drop of immer-
sion oil for presence of either ring forms or gametocytes of

Pathogens and Global Health 2016

malaria parasites.'® Intensity of Plasmodium spp. infection
was also classified into light, moderate, or heavy in the
range 1-499 parasites/uL, 500-1999 parasites/puL, and
2000-9999 parasites/uL blood, respectively.'® Individuals
with malaria parasite infection were referred to the health
clinic center for medical attention.

Serological Assays
Intravenous blood (2 mL) from participants was collected
in 5-mL plain bottles and processed as described by Mutapi
et al.'” These individuals included those positive for single
S. haematobium (n = 92) and malaria parasite infections
(n=136) and concurrent infections (n = 31). The clotted
blood was stored at 4 °C overnight and serum was obtained
after centrifugation at 30,000 rpm for 10 min. The serum
was then stored in Nunc cryotubes at —20 °C until needed.
Schistosoma-specific antibody response was assayed
using enzyme-linked immunosorbent assay (ELISA).
The ELISA was carried out using Schistosoma hae-
matobium-soluble egg antigens (SEA) and the serum
was tested for IgG antibody. This assay employed the
qualitative enzymeimmunoassay technique.’ The crude egg-
soluble antigen (50 pL) of 3 pg/mL diluted 1:200 in
carbonate buffer (pH 9.6) was used to coat the microtiter
well plates and then incubated overnight at 4 °C. This was
followed by washing of plates with 0.05% Tween 20 in
PBS-Tween 20, thrice. Blocking buffer (150 pL) contain-
ing 1% Bovine Serum Albumin in Phosphate Buffered
Saline (1% BSA/PBS) was introduced on washed plates,
dried on blotting paper, and incubated for 1 h at 37 °C.
The plates were washed again thrice with PBS-Tween 20.
Serum sample (50 pL) at a dilution of 1:100 in 1% BSA in
PBS was added to the plates in duplicate and incubated for
1 h at 37 °C. Washing with PBS-Tween 20 was repeated
thrice and 100 pL of Horseradish Peroxidase anti-human
immunoglobulin G conjugate (Sigma, St. Louis, MO,
USA) was added per well at a dilution of 1:2000 and then
incubated for 30 min at 37 °C. Washing was repeated and
50 uL of substrate A and B3 solution each was added,
mixed, and reaction was allowed to proceed in the dark for
10 min at 37 °C. A stop solution was added and absorbance
was determined with a microplate reader set at 450 nm.

Ethical Consideration and Informed Consents

The study’s protocol was approved by the University of
Ibadan/University College Hospital joint ethical review
committee. Informed consents were obtained from parents
of participants that volunteered to participate in the study.

Statistical Analyses

Data were carefully entered in Excel spread sheet (version
2007) and transferred to GraphPad Prism 5 (GraphPad
Software, Inc., La Jolla, CA 92037 USA) for analyses. >
analysis was used to determine significant differences in
categorical variables such as proportion of level of inten-
sity of S. haematobium and infection status types. Fisher’s
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Figure 1 Gender- and Age-stratified Schistosoma haematobium intensity patterns.

exact test was used to determine differences in co-infec-
tion dynamic patterns. Tukey’s multiple comparison test
was used to test for differences in mean absorbance of
anti-Schistosoma 1gG between the different infection
statuses. Pearson correlation was used to determine the
relationships between anti-Schistosoma 1gG absorbance
and malaria parasite/Schistosoma haematobium densities.

Results

Gender- and Age-stratified Schistosoma
haematobium intensity patterns

The gender and age distribution patterns of children with
light, moderate, and heavy S. haematobium intensities
showed no significant variations (p > 0.05, Fig. 1).

Prevalence of Single and Concomitant
Infections

The Plasmodium spp. observed were P. falciparum, P.
malariae, and P. ovale. The prevalence of single infection
by Schistosoma haematobium and malaria parasites was
27.7 and 41.0%, respectively (p <0.0001). The prevalence
of concomitant infection of the two parasites was 9.3%
(Table 1).

Anti-Schistosoma-Specific Antibodies in Single
and Concomitant Infections

Anti-Schistosoma 1gG production during co-infection of
the two pathogens (1.950 + 0.742 AU) was significantly
higher than the value recorded for single malaria parasites
infection (1.402 + 0.670 AU) (p < 0.01), but not in S. Aae-
matobium infection (1.591 £ 0.604 AU) (p > 0.05) (Fig. 2).
Anti-Schistosoma 1gG although was higher in single S. hae-
matobium infection, it was not significantly higher compared
with the value recorded in single malaria parasite infection
status (p > 0.05). While there was no significant relationship
between antibody response and malaria parasite parasitemia
(r = 0.024; p = 0.420), a significant positive relationship
existed between intensity of S. haematobium and produc-
tion of anti-Schistosoma antibodies (r = 0.232; p = 0.029).

Table 1 Single and co-infection statuses among children in
ljoun community (n = 332)

Prevalence
Disease No. positive (%) p value
Schistosoma 92 27.7 <0.0001
haematobium
Malaria parasites 136 41.0
Co-infection 31 9.3

‘Note: Malaria parasites included Plasmodium falciparum, P. ma-
lariae, and R, ovale.

Effects of Parasite Intensities on Anti-
Schistosoma IgG Production in Concomitant
Infections

Six co-infection dynamics in terms of parasite burden
measured by intensity of S. haematobium and malaria par-
asites were observed. These included LL, LH, HH, ML,
MH, and MM representing light (L), moderate (M), and
heavy infection (H) in S. haematobium and Plasmodium
spp. infections, respectively. Children co-infected with
light S. haematobium and heavy malaria parasites (LH)
were the most prevalent (32.3%), while those with mod-
erate (MM) and heavy (HH) infections for both parasites
were the least (9.7% each) (Table 2). Anti-Schistosoma
IgG production was highest in moderate infection of
the two pathogens (2.473 + 0.391 AU) but was least in
individuals with heavy infections for the two parasites
(1.690 = 0.720 AU) (Table 2).

Discussion

This study showed the endemicity of the two parasites
in the study area, an observation which is similar to a
previous study in Kenya, reporting high risk of such con-
comitant infection among children.?' Although there had
been no published data on malaria endemicity in the area,
the prevalence of schistosomiasis (27.7%) was lower than
the previously recorded value (57.1%) among children in
Ijoun community.?? This high level of S. haematobium
infection following an organized mass chemotherapy in the
study population about five years ago stresses re-infection
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Note: Tukey’s multiple comparison test used to test for significance between infection statuses; error bars, standard deviation. ** Anti-
Schistosoma |gG antibodies in co-infection group significantly higher than malaria group (p < 0.01) but not in Schistosoma group. No
significant difference in anti-Schistosoma |gG in Schistosoma and malaria groups (p > 0.05).

Table 2 Dynamics of co-infection patterns of Schistosoma
haematobium and malaria parasites among participants

Anti-

Co-infection No. Proportion Schistosoma Je)
patterns examined (%) 1gG (AU) value
LL 7 22.6 1.906+0.757 0.007
LH 10 32.3 1.861+0.855

HH 3 9.7 1.690+0.720

ML 7 22.6 2.044+0.810

MH 1 3.2 1.703+0.000

MM 3 9.7 2.473+0.391

‘Note: L - light, M — moderate, and H — heavy infection for Schis-
tosoma haematobium and malaria parasites; Fisher’'s exact test
was significant.

as cardinal to persistence of S. haematobium transmission
in the area. In the absence of an all-encompassing control
measure, it is certain the occurrence of schistosomiasis
may be brought to the pre-control level (57.1%) in the
carliest future. The prevalence of co-infection of S. hae-
matobium and malaria parasites in the present study is
significantly lower than previous reports in neighboring
villages in the same local government area.®’

Several studies have shown conflicting results regarding
Schistosoma spp./malaria parasite pathological episodes
in concomitant infections. While studies have particularly
focused on effects of Schistosoma infection on protection
against malaria,??* with one stressing the age-depend-
ent manner of schistosomiasis protection against clinical
malaria,? few however have examined anti-Schistosoma
antibody production in co-infection with malaria para-
sites.? One other study has attempted to do this but did not
find any P. falciparum infections.?® More so, Schistosoma
infection was reported to influence the production of pro-
and anti-inflammatory cytokines in children.* Similar to
previous report,? anti-Schistosoma-specific antibodies
produced during co-infection with Plasmodium spp. were
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higher than in single S. haematobium infection. Therefore,
a probable explanation for this finding could be the possi-
bility of malaria parasites influencing the cytokine envi-
ronment to favor the production of anti-Schistosoma 1gG.?
Polyclonal stimulation of B-cells could also be the cause
of the increase in S. haematobium-specific antibodies in
co-infected individuals.

The anti-Schistosoma antibodies recorded among
individuals diagnosed for only Plasmodium spp. infec-
tion could mean the presence of false negative tests for
S. haematobium in some individuals, especially in very
light infection. Another possible reason for this is the
persistence of humoral anti-Schistosoma antibody cir-
culation in individuals treated for Schistosoma infection
that were previously co-infected with malaria parasites.
The inability of IgG enzyme-linked immunosorbent assay
(ELISA) to distinguish active Schistosoma infection from
chronic type is one of the major set-back in its applica-
tion. Cross-reactivity between Schistosoma and malaria
parasite antigens could also be the cause of presence of
anti-Schistosoma antibodies in individuals only infected
with Plasmodium spp.'*

Anti-Schistosoma antibody response was Plasmodium
spp. density dependent. Although co-infection with malaria
parasites seemed to increase anti-Schistosoma IgG, decrease
in malaria parasite parasitemia seemed to increase the anti-
body production. Conversely, increase in intensities of S.
haematobium infection had been reported to cause decrease
in levels of the cytophilic subclass IgG1, IgG2, 1gG3, and
1gG4 directed against Plasmodium falciparum.” The effects
of Schistosoma spp. and malaria parasites’ concomitant infec-
tion could also be influenced by factors such as frequency,
duration, and order of establishment of infection, besides
intensity of the two co-existing parasites and background
immunity to either pathogen earlier reported.”
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The limitations of this study include the use of non-
molecular-based methods in infection detection which
could undermine the true infection status. Also, there is
a need to relate the influence of age, sex, and specific
malaria parasite species to antibody response in single and
co-infection statuses.

The co-infection of Schistosoma haematobium and
Plasmodium spp. is common in the study area. This study
has implication for diagnosis of schistosomiasis where
anti-Schistosoma 1gG is used as an indicator of infection.
Since control efforts targeted at only one of the co-existing
parasites may not solve the problem but may sometimes
even aggravate the morbidity spectra, drug regimens capa-
ble of dual efficacy are highly recommended. Besides,
policy-makers should augment efforts to reduce schisto-
somiasis burden as its neglect could undermine the various
efforts targeted against the spread of malaria.

Disclaimer Statements

Authors’ contribution

OAM designed and supervised the work, OA collected
data and carried out laboratory analyses, ECO participated
in laboratory analyses, and OTO analyzed data and drafted
the first manuscript version. All authors read and approved
the final manuscript version.

Competing interests
None declared.

Acknowledgments

We acknowledge the cooperation of community mem-
bers, the parents of the children who participated in the
study, and the teachers who assisted in the recruitment
procedures.

Funding
This work was supported by the University of Ibadan
Senate Research [grant number SRG/FS/2010/10A].

References

1 Naus CWA, Jones FM, Satti MZ, Joseph S, Riley EM, Kimani G,
et al. Serological responses among individuals in areas where both
schistosomiasis and malaria are endemic: cross-reactivity between
Schistosoma mansoni and Plasmodium falciparum. J Infect Dis.
2003;187:1272-82.

2 Mutapi P, Ndhlovu PD, Hagan P, Woolhouse MEJ. Anti-schistosome
antibody responses in children co-infected with malaria. Parasite
Immunol. 2000;22:207-9.

3 Kullberg MC, Pearce EJ, Hieny SE, Sher A, Berzofsky JA. Infection
with Schistosoma mansoni alters Th1/Th2 cytokine responses to a
nonparasite antigen. J Immunol. 1992;148:3264-70.

4 Diallo TO, Remoue F, Schacht AM, Charrier N, Dompnier JP, Pillet S,
et al. Schistosomiasis co-infection in humans influences inflammatory
markers in uncomplicated Plasmodium falciparum malaria. Parasite
Immunol. 2004;26:365-9.

5 Hagan P, Blumenthal UJ, Dunn D, Simpson AJG, Wilkins HA.
Human IgE, IgG4 and resistance to reinfection with Schistosoma
haematobium. Nature. 1991;349:243-5.

6 Naus CWA, van Dam GJ, Kremsner PG, Krijger FW, Deelder
AM. Human IgE, IgG subclass, and IgM responses to worm and

Morenikeji et al. Anti-Schistosoma IgG responses

egg antigens in Schistosomiasis haematobium: a 12-month study of
reinfection in cameroonian children. Clin Infect Dis. 1998;26:1142-7.

7 Diallo TO, Remoue F, Gaayeb L, Schacht A-M, Charrier N, De Clerck
D, et al. Schistosomiasis co-infection in children influences acquired
immune response against Plasmodium falciparum malaria antigens.
PLoS ONE. 2010;5:¢12764.

8 Morenikeji OA, Atanda OS, Eleng IE, Salawu OT. Schistosoma
haematobium and Plasmodium falciparum single and concomitant
infections; any association with hematologic abnormalities? Pediatr
Infect Dis J. 2014;6:124-9.

9 Morenikeji OA, Eleng IE, Atanda OS, Salawu OT. Renal
related disorders in concomitant Schistosoma haematobium
— Plasmodium falciparum infection among children in a rural
community of Nigeria. J infect Publ Health. 2015;9:136-42. doi:
http://dx.doi.org/10.1016/j.jiph.2015.06.013.

10 Dunne DW, Butterworth AE, Fulford AJC. Immunity after treatment
of human schistosomiasis: association between IgE antibodies to
adult worm antigens and resistance to reinfection. Eur J Immunol.
1992;22:1483-94.

11 Demeure CE, Rihet P, Abel L, Ouattara M, Bourgois A, Dessein AJ.
Resistance to Schistosoma mansoni in humans: influence of the IgE/
IgG4 balance and IgG2 in immunity to reinfection after chemotherapy.
J Infect Dis. 1993;168:1000-8.

12 Negrao-Corre D, Fittipaldi JF, Lambertucci JR, Teixeira MM, Antunes
CMEF, Cameiro M. Association of Schistosoma mansoni-specific IgG
and IgE antibody production and clinical schistosomiasis status in a
rural area of Minas Gerais, Brazil. PLoS ONE. 2014;9:e88042.

13 Salawu OT, Odaibo AB. Preliminary study on ecology of Bulinus
jousseaumei snail in Schistosoma haematobium endemic rural
community of Nigeria. Afr J Ecol. 2012;51:441-6.

14 Salawu OT, Odaibo AB. The bionomics and diversity of freshwater
snail species in Yewa North, Ogun state Southwestern Nigeria.
Helminthol. 2014;51:337-44.

15 Akinwale O, Oso O, Salawu O, Odaibo A, Tang P, Chen T-W, et al.
Molecular characterisation of Bulinus snails — intermediate hosts of
schistosomes in Ogun state, South-western Nigeria. Folia Malacol.
2015;23:137-47.

16 World Health Organisation. Guidelines for the evaluation of soil-
transmitted helminthiasis and schistosomiasis at the community level.
Geneva: World Health Organization; 1998.

17 Matangila JR, Doua JY, Linsuke S, Madinga J, Da Luz RI, Van
Geertruyden J-P, et al. Malaria, schistosomiasis and soil transmitted
helminth burden and their correlation with anemia in children
attending primary schools in Kinshasa, Democratic Republic of
Congo. PLoS ONE. 2014;9:e110789.

18 Cheesbrough M. District laboratory practice in tropical countries. Part
1. London: Cambridge University Press; 1998.

19 Mutapi F, Hagan P, Ndhlovu P, Woolhouse MEJ. Comparison of
humoral responses to Schistosoma haematobium in areas with high
and low levels of infection. Parasite Immunol. 1997;19:255-63.

20 Pardo J, Carranza C, Turrientes MC, Perez Arellano L, Lopez Velez R,
Ramajo V, et al. Utility of Schistosoma bovis adult worm antigens for
diagnosis of human schistosomiasis by enzyme linked immunosorbent
assay and electroimmunotransfer blot techniques. Clin Diag Lab
Immunol. 2004;11:1165-1170.

21 Florey LS, King CH, Van Dyke MK, Muchiri EM, Mungai PL,
et al. Partnering parasites: evidence of synergism between heavy
Schistosoma haematobium and Plasmodium species infections
in Kenyan children. PLoS Negl Trop Dis. 2012;6:e1723. doi:
http://dx.doi.org/10.1371/journal.pntd.0001723.

22 Morenikeji O, Junaid Q, Omoregie C, Hassan A, Nwuba R, Anumudu
C, et al. A cross-sectional study on urogenital schistosomiasis in
children; hematuria and proteinuria as diagnostic indicators in an
endemic rural area of Nigeria. Afr Hlth Sci. 2014;14:390-6.

23 Mutapi F, Roussilhon C, Mduluza T, Druilhe P. Anti-malaria humoral
responses in children exposed to Plasmodium falciparum and
Schistosoma haematobium. Mem Inst Oswaldo Cruz, Rio de Janeiro.
2007;102:405-9.

24 Courtin D, Djlali-Sa-ah A, Milet J, Soulard V, Gaye O, Migot-Nabias
F, et al. Schistosoma haematobium infection affects Plasmodium
falciparum-specific IgG responses associated with protection against
malaria. Parasite Immunol. 2011;33:124-31.

25 Lyke KE, Dicko A, Dabo A, Sangare L, Kone A, Coulibaly D, et al.
Association of Schistosoma haematobium infection with protection
against acute Plasmodium falciparum malaria In Malian children. Am
J Trop Med Hyg. 2005;73:1124-30.

26 Imai N, Rujeni N, Nausch N, Bourke CD, Appleby LJ, Cowan G,
et al. Exposure, infection, systemic cytokine levels and antibody
responses in young children concurrently exposed to schistosomiasis
and malaria. Parasitology. 2011;138:1519-33.

Pathogens and Global Health 2016


http://dx.doi.org/10.1016/j.jiph.2015.06.013
http://dx.doi.org/10.1016/j.jiph.2015.06.013
http://dx.doi.org/10.1371/journal.pntd.0001723
http://dx.doi.org/10.1371/journal.pntd.0001723

	Introduction
	Methods
	Study Area
	Sample Size Determination
	Parasitological Screenings
	Serological Assays
	Ethical Consideration and Informed Consents
	Statistical Analyses

	Results
	Gender- and Age-stratified Schistosoma haematobium intensity patterns
	Prevalence of Single and Concomitant Infections
	Anti-Schistosoma-Specific Antibodies in Single and Concomitant Infections
	Effects of Parasite Intensities on Anti-Schistosoma IgG Production in Concomitant Infections

	Discussion
	Disclaimer Statements
	Authors’ contribution
	Competing interests
	Acknowledgments
	Funding
	References



