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Anti-malaria humoral responses in children exposed to
Plasmodium falciparum and Schistosoma haematobium
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Antibody responses directed against the Plasmodium falciparum antigens, total extract, anti-merozoite sur-
face protein-3 (MSP3b) and glutamate-rich protein (Glurp-R0) were studied in 42 children exposed to both
Schistosoma haematobium and P. falciparum infections. The association between levels of the anti-malaria 1gG
subclasses and IgM with host age, sex, schistosome infection intensity and schistosome specific antibodies was
studied before chemotherapeutic treatment of schistosome infections. This showed a significant negative asso-
ciation between schistosome infection intensity and levels of 1gG1, 1gG3, and IgG4 directed against malaria
total extract antigen, and a positive association between levels of anti-schistosome soluble egg antigen 1gG2,
1gG3, and 1gG4 and levels of the same subclasses directed against malaria total extract antigens. The effect of
treating schistosome infections with praziquantel on malaria specific responses was also studied. This treat-
ment resulted in increases in significant 1gG4 levels against MSP3b and IgM against Glurp RO. Treatment also
resulted in a significant decrease in 1gG4 levels against Glurp RO. Host age, sex or pre-treatment infection
intensity was not associated with the magnitude of change in the two 1gG4 responses while males showed a
significantly higher increase in levels of IgM. The results suggest cross reactivity between schistosome and
malaria antigens in this population.
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The geographical and socio-economic distribution of
malaria infection overlaps with that of many helminth
infections. This gives potential for interaction in the
overall susceptibility, pathology or clinical manifesta-
tions of the infections. Experimental work has shown
that schistosome and malaria infections profoundly af-
fect each other, both at an immunological level and de-
gree of pathology. For example, Plasmodium chabaudi
parasitemia was significantly higher in Schistosoma
mansoni infected mice, and T-cell responses are sig-
nificantly reduced in affected mice (Helmby & Troye-
Blomberg 1998). There are numerous experiments show-
ing a strong influence on parasite loads, course of in-
fection, and outcome in animals concomitantly infected
by two different protozoa species (Cox 2001). Threein-
dependent field studies in humans have shown that chil-
dren carrying either intestinal helminth infections or S,
haematobium are more susceptible to acute malaria at-
tacks (Jambou et al. 1998, Spiegel et al. 2003, Sokhna
et al. 2004). Interactions between different pathogen
species have aso been demonstrated by work on myco-
bacterial infection and helminths showing that BCG vac-
cinated people are less susceptible to intestinal nema-
todes, while pre-natal sensitisation to schistosome and/
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or filarial antigens in Kenyan children reduced the effi-
cacy of the BCG vaccine perhaps by biasing the immune
responseto producelL-4 and IL-5 (Malhotraet al. 1999).
A study previously conducted on this Zimbabwean popu-
lation demonstrated that children coinfected with S.
haematobium and P. falciparum produced significantly
larger amounts of anti-schistosome egg IgE and 1gG3
when compared to children coinfected with schisto-
somes alone (Mutapi et al. 2000). Recently work con-
ducted on the effects of intestinal helminth infections
on falciparum malariain Thailand has produced conflict-
ing results, suggesting that while Ascaris lumbricoides
infection may protect against cerebral malaria (Nacher
et al. 2002), intestinal helminths including A. lum-
bricoides increase the incidence of malaria attacks
(Nacher et al. 2002). The authors suggest that a helminth-
mediated Th2 shift may decrease antisporozoite immunity,
but protect against severe maaria (Nacher et a. 2002) as
has also been more recently suggested for S haematobium
infection (Lyke et al. 2005). This study investigates the ef-
fect of schistosome infection intensity and schistosome-
specific isotype levels on the level of humoral responses
to specific malariaantigens. In addition, the effect of treat-
ing the schistosome infection with an antihelminth drug
on the malaria responses is investigated. We focus on
children aged between 6 and 14 yearsold asthisiswhere
the most dramatic changes in schistosome infection lev-
els occur in this population (Mutapi et a. 1997).

MATERIALS AND METHODS

Sudy population - The children who took part in this
study were part of alarger study investigating the effect
of schistosome infection history on the development of
antischistosome immune responses as previously de-
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scribed (Hagan et al. 1994, Mutapi et a. 1997). The chil-
dren came from compliant participants (or permission
granted by parents) whose familieswere permanent resi-
dents of the study area. The selection of the study area,
and study population are described in detail elsewhere
(Mutapi et al. 1997). Briefly, the Burma Valley (eastern
highlands of Zimbabwe), where there are a number of
large farms with communities of farm workers was se-
lected for the study after an initial survey of several S.
haematobium endemic areas. P. falciparum, the pre-
dominant species of malariain Zimbabwe occursin this
region. Malaria transmission here is seasonal occurring
during October to March (Taylor Mutambu 1986). The
study sampleswere collected before the start of thetrans-
mission period in August (pre-treatment of schistosome
infection samples) and at the end of transmission in
March (6 months after schistosome treatment samples)
to encompass a single malaria transmission period.

Sample collection - At the start of the study, at least
two urine samples and a single stool sample were col-
lected from each child for S. haematobium and intesti-
nal helminth detection. Stool samples were processed
following the Kato Katz procedure (Katz et al. 1972) to
detect S. mansoni eggs and other intestinal helminths
while the urine filtration method (Mott 1983) was used
to detect S. haematobium eggs in urine samples. 10 ml
of venous blood were collected from each participant
for serological assays and a thin smear slide prepared
for microscopic detection of P. falciparum, in August
before the peak malaria transmission period. All chil-
dren were exposed to P. falciparum infection, as they
were permanent residents of the area, which is endemic
for malaria. Following this, all participants were treated
for schistosome infections with 40 mg of praziquantel
per kg/body weight and the efficacy of the treatment
checked six weeks later in September. All children were
re-examined six months later in March for malaria and
helminth infection (S. haematobium and intestinal para-
sites) and a blood sample a'so collected as before. To be
included in the study cohort, participants had to meet all
of the following criteria (1) provided at least two urine
and two stool samples on consecutive days at al time
points for schistosome and intestinal helminth parasite
diagnosis; (2) been negative for intestinal helminths in-
cluding S. mansoni at al time points; (3) been confirmed
egg negative for S. haematobium infection at the sec-
ond time point if they had been treated, and (4) given a
blood sample at both time points (for malaria diagnosis
and serological assays) A total of 42 children (16 fe-
male and 26 male) aged between 6 and 14 years, met
these criteria and therefore formed the study cohort.

Immunological assays - Serological assayswere car-
ried out to determinethelevel of IgM, 1gG1, 1gG2, 1gG3,
and 1gG4 antibodies against schistosome soluble egg
antigen (SEA) and three distinct malaria antigens (a to-
tal schizont extract, the MSP3b peptide and the Glurp
RO polypeptide). Indirect enzyme linked immunosorbent
assays (ELISA) already published for S. haematobium
(Mutapi et al. 1997) and for the malarial antigens
(Oeuvray et al. 1994, Aribot et al. 1996, Theisen et al.
1998) were used for the assays.

Satistical analysis- For all statistical analyses, chil-
dren were divided into two age groups, 6-10 years old
and 11-14 years old. The effects of the categorical vari-
ables, age group and sex, and the continuous variables
schistosome infection intensity [log (x+1) transformed]
and schistosome antibody level (square root transformed)
on the level of malaria antibody responses were tested
using analysis of variance. To determineif levels of ma-
lariaantibody responses changed significantly after treat-
ment of schistosome infections, a repeated measures
general linear model analysis was performed. This pro-
cedure aso tested for the effects of sex, age group and
pre-treatment schistosome infection intensity on the
magnitude of change in antibody levels (transformed as
before). The effect of the malaria status was also tested
in thetwo analyses and found to be not significant. How-
ever, the variable was excluded from the analyses pre-
sented in the results section due to the small number of
children positive for malaria (n = 11) and those positive
for both infections (n = 3). All statistical analyses were
performed using the statistical software SPSS, and type
Il sums of sguares were used to calculate the F-value
and the p value was set at 0.05 (see Mutapi & Roddam
2002). Factors whose p-values were greater or equa to
thisvalue following table-wide Bonferoni correctionswere
accepted asrepresenting asignificant effect (Rice 1989).

Ethics - Permission to conduct the study in the re-
gion was obtained from the Provincial Medical Direc-
tor, while the study underwent ethical review by the Min-
istry of Health and Child Welfare in Zimbabwe and the
internationally recognized Medical Research Council of
Zimbabwe. Only compliant participants were recruited
into the study and were free to drop out at any point dur-
ing the study. At the beginning of the study, participants
and their parents/guardians had the aims of the project
explained fully and consent was sought from parents/
guardian before children are bled. Anti-helminth treat-
ment was administered to al compliant people after the
first survey aswell as at the end of the study. In addition
people presenting with malaria were treated according
to the treatment regime prescribed by the Ministry of
Health in Zimbabwe.

RESULTS

Before treatment of schistosome infections - The
prevalence of S. haematobium was 42.8% while mean
infection intensity was 13.9 eggs/10 ml of urine (range
0-220). Malaria infection prevalence was 26%. Levels
of malarial 1gG1, 1gG3, and 1gG4 directed against total
extract antigen were significantly associated with schis-
tosome infection intensity when allowing for confound-
ing variables. For al threeisotypes, there was anegative
association between schistosome infection intensity and
the level of the isotype produced as shown in figure 1
for 1IgG1 and 1gG3. Levels of 1gG2, 1gG3, and 1gG4 di-
rected against P. falciparum total extract antigen were
significantly associated with levels of similar isotypes
directed against S. haematobium soluble egg antigen
after allowing for other confounding variables (Table).
Thisassociation was positive. Sex significantly affected
only levels of anti-MSP3b IgM (females producing less
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Fig. 1: negative correlation between anti-mal ariaantibody level and schistosomeinfectionintensity. a anti-malariatotal extract IgG1; b: anti-malaria

total extract 1gG3.

TABLE

Statistical output for analysis of variance determining factorsaffecting thelevel of anti-malariaantibody responsesbefore anti-
helminth treatment. The table gives F-valuesfor each factors tested

Dependent variable Total extract MSP3B GlurpRO
1gG1 Agegroup 0.6 0.8 05
Sex 7.7+ 0.01 0.04
Pre-treatment schistosomeinfectionintensity 7.2%* 0.2 0.3
Pre-treatment schistosome IgG1 14 1 0.3
1gG2 Agegroup 0.5 0.01 11
Sex 04 19 0.001
Pre-treatment schistosomeinfectionintensity 0.5 04 0.7
Pre-treatment schistosomelgG2 8.0** 0.1 4.6*
1gG3 Agegroup 23 14 0.1
Sex 14 29 33
Pre-treatment schistosomeinfectionintensity 8.7%* 18 17
Pre-treatment schistosome 1gG3 11.3+* 34 11
1gG4 Agegroup 0.0 11 0.7
Sex 1.0 22 12
Pre-treatment schistosomeinfectionintensity 4.4* 22 41
Pre-treatment schistosome lgG4 5.8* 0.5 18
IgM Agegroup 05 0.5 0.7
Sex 0.2 15.8*** 4
Pre-treatment schistosomeinfectionintensity 0.2 0.2 0.6
Pre-treatment schistosome IgM 0.1 15 0.2

Degreesof freedom =1, for all variablesand total degreesof freedom =41, * =P<=0.05, *** P<=0.01following Bonferoni correction.

than males), while age group did not have a significant
effect on the levels of antibodies produced against any
of the malaria antigens.

Six months after anti-helminth treatment - Three
children were re-infected with schistosomiasis whereas
there was no change in the prevalence of malaria with
the same children who were positive for malaria infec-
tion before anti-helminth treatment still being positive
for P. falciparum infection. There were also no changes
in the levels of anti- total extract antigen but there were
changesin responses directed against M SP3b and Glurp-

RO antigens as shown in Fig. 2. There were significant
increases in levels of 1gG4 (F = 12.9, df = 27,1, p =
0.002) directed against MSP3b (Fig. 2a) and IgM (F =
25.8, DF = 27,1, P < 0.001) directed against Glurp RO
(Fig. 2b). The magnitude of these changes was not re-
lated to host age, or pre-treatment infection intensity.
However, the increase in IgM levels was significantly
higher in males than females (F = 4.8, df = 1,27, p =
0.037). Levels of 1gG4 directed against Glurp RO de-
creased significantly (F = 21, DF = 27, 1, P < 0.001)
following schistosome treatment (Fig. 2b).



408  Anti-malaria humoral response ¢ F Mutapi et al.

0.08

0.06

0.04

0.02

absorbance @ 492nm

IgG1 19G2 19G3 1gG4 IgM

0.3 7

*k

0.2 A

0.1

absorbance @ 492nm

dkk

IgG1 gG2  1gG3 9G4 IgM

Fig. 2: antibody levels directed against malaria antigens before and 6 months after treatment of Schistosoma haematobium with praziquantel. Dark
shaded bars represent pre-treatment antibody levels, light bars represent antibody levels 6 months post anti-helminth treatment; **represents a
difference between pre and post treatment levels which is significant at p < 0.01, and ***at p < 0.001. a: antibody responses against M SP3b;

b: antibody responses against GlurbRO.

DISCUSSION

The results from this study show two important as-
pects of the interaction between S. haematobium and P.
falciparum infections. First, at low schistosome infec-
tion intensities, levels of the cytophilic isotypes 1gG1,
1gG3, and 1gG4 directed against malariatotal extract are
high and they decline significantly with increasing schis-
tosome infection intensity. In addition levels of 1gG2,
1gG3, and IgG4 directed against the same antigen were
positively correlated with levels of the same isotypes
directed against schistosome soluble egg antigen. This
suggests that there may be cross-reactivity between the
antigens from the two parasites, especially since the
correlations are observed between responses to two
crude antigens with the potential of having more cross
reactive epitopes. Recently, work by Naus et al showed
cross reactivity between 1gG3 directed against P.
falciparum MSP1 and S mansoni adult worm antigens
in people exposed to both parasites (Naus et al. 2003).
They suggested that rather than having cross-reactive
epitopes the two antigens might have molecules such as
lecithins that are cross-reactive. In our study there was
no association between schistosome infection intensity/
specific antibodies with responses directed against
MSP3b. The only association with responses to Glurp
RO was a significant negative correlation between 1gG2
directed against schistosome-SEA and Glurp RO. It re-
mainsto be established if the cross-reactivity with schis-
tosome antigens does indeed offer some protection
against malariainfections. Both IgG1 and |gG3 have been
associated with acquired resistance to malariainfections
(Bouharoun-Tayoun & Druihle 1992, Aribot et al. 1996).
An understanding of theimmunological, pathological and
epidemiological interaction of the two infections is im-
portant as indicated by field observations showing that
people carrying helminth infections have increased fre-
quency of acute malaria attacks (Jambou et al. 1998,
Nacher et al. 2002, Spiegel et a. 2003, Sokhna et al.
2004, Lyke et al. 2006). Indeed, field studies in Mada-
gascar and Senegal showed an increased number of ma-
larial infections in people carrying high worm loads at-

tacks (Jambou et al. 1998, Spiegel et a. 2003, Sokhna
et al. 2004).

The conflicting reports of the effects of intestinal
helminths on susceptibility to malariainfection (Nacher
et al. 2000, 2002) suggest that the effect of helminth
infections on susceptibility/resistance to malariais are-
sult of several as yet undefined factors. These will in-
clude the history of infection for infections (frequency,
duration and order of establishment), helminth infection
intensity (asindicated by our results), malariaparasitemia
levels and background immunity to either pathogen. The
effect of helminth infections on the susceptibility to
mal aria seems to depend on the malaria clinical state of
the patient (Jambou et al. 1998, Nacher et al. 2000, 2002,
Spiegel et a. 2003, Sokhna et al. 2004).

The second result in this study shows that 6 months
after schistosome treatment, there were significant in-
creases of 1gG4 levels against MSP3b and IgM against
Glurp RO aswell asasignificant decreasein 1gG4 levels
against Glurp RO, but not the crude antigen, total extract.
Host age, sex or pre-treatment infection intensity was
not associated with the magnitude of change in the two
|gG4 responseswhile mal es showed asignificantly higher
increase in levels of IgM.

While these changes might be related to cross-reac-
tive schistosome antigens released from dying worms
(it is already know that treatment of schistosome infec-
tions results in exposure of schistosome antigens nor-
mally unavailable to the immune system (Mutapi et a.
2005), it is not clear that these changes are attributable
to the effects of praziquantel treatment on schistosome
worms. The changes may be reflecting the normal dy-
namics of anti-malariaresponses over time, in this popu-
lation. To explicitly test the effects of anti-helminth
treatment on the malaria responses requires the use of
untreated age, sex and malaria-exposure matched con-
trols which were not included in this study for ethical
reasons. There is also potential for influence of co-in-
fections on the cytokine milieu for parasite specific re-
sponses, this too remains to be investigated. |mmuno-
logical and pathological effects of treating human hel-
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minth infections on malariaremain unclear. Resultsfrom
studies addressing this aspect could have profound impli-
cations for both malariaand helminth control programmes.
Therefore detailed studies using larger sample sizes,
across a wider age range and different epidemiological
settings of the two infections are needed to further cur-
rent understanding of the interaction of the two parasites.
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