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Background. Evidence of genetic control for total serum IgE (tIgE) level has been reported in multiple popula-
tions, although populations with substantial exposure to helminths have yielded lower estimates of heritability,
despite evidence suggesting that genes also control a significant portion of the variation in the number of Schistosoma
mansoni eggs per gram of fecal matter.

Methods. By use of a whole-population ascertainment scheme, 822 individuals were enrolled from a
schistosomiasis-endemic area in Conde, Bahia, in Brazil. Heritability was estimated by using an additive polygenic
model, and segregation analysis was performed for 2 quantitative traits, tIgE level and egg count.

Results. After adjusting for nongenetic covariates, the heritability of log-transformed tIgE level and log-
transformed egg count was estimated at 60% and 31%, respectively. No evidence for a single major gene controlling
tIgE level or egg count was observed in segregation analysis for 781 individuals and 403 individuals, respectively, in 318
families, however, which suggests complex biological control.

Conclusions. The high heritability of tIgE level indicates that genetic factors are likely to control tIgE level even in
the presence of helminthic infection. Substantial heritability for the burden of S. mansoni infection was confirmed in
these Brazilian families. Further genetic studies will be needed to dissect the specific genetic factors that underlie these
traits.

The worldwide prevalence of schistosomiasis is high—

200 million infected individuals—and it occurs where

humans come into contact with water that harbors the

intermediate snail host for Schistosoma species: S. man-

soni in parts of South America, Africa, and the Middle

East; S. haematobium in Africa and the Middle East; and

S. japonicum in China, Southeast Asia, and the Philip-

pines [1]. Although the disease has been successfully

eradicated from some regions where it was endemic,

control of schistosomiasis is cumbersome, and reinfec-

tion after treatment is common [1]. These difficulties

have prompted efforts to identify the most susceptible

individuals— either those susceptible to greater inten-

sity of infection or more severe disease—to better target

treatment and prevention [2].

In atopic individuals (including asthmatics), both

helminthic infection and exposure to certain allergens

elicit a TH2-mediated immune response and stimulate

IgE production [3]. The higher polyclonal total serum

IgE (tIgE) level observed in response to helminths in-

clude both specific and nonspecific IgE [4, 5]. Similarly,
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an allergic response is accompanied by an elevated level of IgE

specific to environmental allergens, as well as tIgE level [6].

Some evidence, including particularly convincing findings from

mouse models [7], suggests allergic reactions are less pro-

nounced in individuals infected with helminths, although both

tIgE level and the level of IgE specific to allergens remain high, so

areas where helminthic infection is endemic typically have lower

levels of allergic disease, compared with areas free of helminths

[8 –10]. General suppression of allergic responses (including

asthma) is partly mediated by regulatory T cells and cytokines

such as interleukin (IL)–10 [11–13]. Given these differences in

TH2 pathway regulation in the presence of helminthic infection,

genetic and environmental components controlling tIgE level in

helminthic infection– endemic populations clearly merit further

study.

Studies of twin or family-based samples ascertained through

atopic disease have confirmed that tIgE level is likely under ge-

netic control, with heritability estimates ranging from 45% to

78% (reviewed in Duffy et al. [14]). In populations exposed to

helminths (regardless of helminth infection status), estimates

have been considerably lower [15]. Evidence for a genetic basis

for the intensity of S. mansoni infection in Brazilian populations

of African descent have yielded estimates of heritability between

27% and 66% [16 –18]. Using families from 5 neighboring vil-

lages in the Conde District of Bahia in Brazil (where S. mansoni

infection is endemic), we investigated the genetic basis for tIgE

level as well as intensity of S. mansoni infection. We estimated

heritability and searched for the best-fitting model of inheri-

tance for 2 related phenotypic traits: tIgE level and intensity of S.

mansoni infection as measured by fecal egg count.

METHODS

Location. The study was conducted in the rural district of

Conde, Bahia—located 200 km north of the city of Salvador—in

5 communities where schistosomiasis is endemic (Buri, Ca-

marao, Genipapo, Sempre Viva, and Cobo). Previous investiga-

tions in this region verified the endemicity of schistosomiasis

[8 –10]. Located on the Atlantic coast, 44 km from the adminis-

trative center of Conde, the primary occupation in this area is

fishing. Regular, publicly administered mass-treatment cam-

paigns against helminthic infection last occurred during 2001.

The population of Brazil represents a mixture of West African,

European, and Amerindian ancestral populations, with substan-

tial African admixture in Bahia [19].

Study population. A whole-population ascertainment

scheme was implemented and between July and September

2004, we enrolled 822 subjects from an estimated total popula-

tion of 1700. Local health liaisons informed volunteers about the

study, in a concerted effort to reach all households, and volun-

teers attended the regional public health clinic or a makeshift

clinic set up in a school in the 2 larger villages (Cobo and Sempre

Viva) or in Buri, which is accessible from the 2 other smaller

villages (Genipapo and Camarao). Children under 6 years old

were excluded. Blood was collected through venipuncture and

serum was separated for measuring tIgE level. Two fecal samples

were collected from subjects at an interval of 2– 40 days.

All adults provided written consent (or verbal consent re-

corded by a witness); children gave verbal assent, and written

consent for children’s participation was obtained from a parent

or guardian. The research protocol was approved by institu-

tional review boards at Johns Hopkins University School of

Medicine and the Federal University of Bahia and was endorsed

by the National Commission for Ethics in Human Research in

Brazil.

Pedigree data collection. Key respondents (i.e., mothers of

children) were asked to provide name, age, and sex for all of

their and their spouse’s first-degree relatives living in the

schistosomiasis-endemic area. These nuclear families were con-

nected together when individuals from distinct families were

found to overlap, and family members were retained if they were

either enrolled or were needed to connect branches of the pedi-

gree. The final set of families included 2 large pedigrees with 535

and 310 individuals each, 38 families with 3–36 members and 44

singletons. Counts of relative pairs for first-degree to sixth-

degree relationships are presented in table 1. The final set of

families was collapsed into 318 nuclear families for certain anal-

yses (described below). A total of 223 individuals appeared more

than once in the nuclear family file (e.g., as a parent and as a child

in different nuclear families), and sibships ranged in size from 1

to 9.

Biological samples. Stool samples from a total of 631 sub-

jects were tested by using the Kato-Katz method [20, 21] to es-

timate the number of S. mansoni eggs per gram of fecal matter

from 3 subsamples taken from 2 independent samples per indi-

vidual, and the arithmetic mean was calculated for each subject.

This test has been shown to give reproducible results when 3–5

exams are performed [21]. A total of 620 individuals had com-

plete data on both samples for S. mansoni egg count. The pres-

ence or absence of Ascaris lumbricoides, Trichuris trichiura, and

Table 1. Relationships for pairs
of related individuals in the Bra-
zilian study population.

Relationship, by degree Count

First 2447
Second 3138
Third 2409
Fourth 805
Fifth 265
Sixth 33
Other 78

Total 9175
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hookworm eggs was also determined. A total of 605 individuals

had complete data from tests for all helminths. Total serum IgE

level was measured using chemiluminescence (Advia Centaur;

Bayer) in Salvador, Brazil.

Assessment of water contact. A previously developed envi-

ronmental exposures questionnaire [22] was administered to

quantitate the intensity of exposure to S. mansoni. For each of 7

activities (farming, bathing, washing clothes, washing hair,

washing dishes, fishing, and playing), each subject was asked to

provide a local name for the water source along with the fre-

quency and duration of each activity. Water source names were

compiled from all questionnaires and reduced to a nonredun-

dant list, and snails sampled at these sites were tested for cercar-

iae. For water sources positive for cercariae, subjects were clas-

sified across all activities into 4 categories to reflect the level of

exposure: no exposure, low exposure (� 1 h/week), medium

exposure (1–3 h/week), or high exposure (1–3 h/day). Catego-

ries were imputed for any individual with missing information

about frequency, duration, or water source by using data from

those with no missing data (�3% subjects had missing informa-

tion for frequency and/or duration of �1 activities). Smoking

status (no smoking exposure, current smoker, or secondary

smoke exposure in the household) was also covered by this ques-

tionnaire.

Statistical analysis. Analyses of egg count were limited to

those with positive egg counts (n � 273) or egg counts of 0 but

with documented exposure to infested water (n � 130). Sub-

jects who were recorded as having no exposure to infested water

and who had a negative Kato-Katz result for S. mansoni were

excluded (n � 217). To bring the observed distributions closer

to normality, tIgE level and S. mansoni egg count � 1 were

log-10 transformed. Multiple linear regression models were used

to test for association between log-transformed phenotype val-

ues and covariates (including sex and age, as well as age squared

and age cubed). For tIgE level, we tested other covariates, includ-

ing smoking status, secondary household smoking exposure,

and helminthic infection status. For egg count, association with

categorical values was also tested for intensity of contact with

infested water, village membership, and type of water-related

activity. Residuals from the final models were used to estimate

familial correlations, and covariates retained from these analyses

were also used to define fixed effects in the variance components

models later used to estimate heritability in the segregation anal-

yses.

The mean level of adjusted log(tIgE level) and log(egg

count�1) were calculated by age category (6 –9 years, 10 –14

years, 15–19 years, 20 –29 years, 30 –39 years, 40 – 49 years,

50 –59 years, 60 – 69 years, and 70 – 85 years). For egg count, only

6 individuals fell into the “60 – 69 years” age group, and these

were combined with the “70 – 85 years” category. The level was

also adjusted for covariates other than age. Plots were drawn by

using Stata (version 8.2; StataCorp), displaying both means and

standard errors.

Familial correlations for relative pairs (marital, parent-

offspring, sibling, half-sibling, grandparental, avuncular, and

cousin) were calculated by using the family correlations pro-

gram in S.A.G.E. (2006) Statistical Analysis for Genetic Epide-

miology, Release 5.1 (Case Western Reserve University). Her-

itability analyses were conducted by using the Sequential

Oligogenic Linkage Analysis Routines package ([SOLAR] ver-

sion 2.1.4; Southwest Foundation for Biomedical Research), us-

ing variance components models [23]. SOLAR accepts complex

pedigree structures including marriage loops and multiple

mates. Log-transformed trait values were the dependent vari-

able, and covariates were included as fixed effects. Likelihood

ratio tests (LRTs) that compared a model that included an addi-

tive genetic variance component and a residual environmental

component were compared to a reduced model in which the

genetic component was set to 0 provided a formal test for the

significance of estimated heritability.

The S.A.G.E. segregation analysis program SEGREG was used

to estimate parameters of a general model of inheritance by us-

ing class D regressive models for continuous traits for 781 sub-

jects for tIgE level and 403 subjects for S. mansoni egg count. The

individuals included were those who had complete phenotypic

and covariate data, such that each individual was in a nuclear

family unit with �1 other individual who also had complete data

[24]. A series of models of inheritance were tested including

sporadic, environmental, and Mendelian models (dominant

and codominant) by setting transmission parameters (�) that

represented the probability of a parent’s transmitting an A allele

to an offspring for each parental genotype (AA, AB, or BB).

Hardy-Weinberg equilibrium was assumed to underlie the dis-

tributions of these three putative genotypes in the population

when estimating the frequency of the A allele (qA). The LRT was

used to assess the fit of each reduced model against a general

unrestricted model. Akaike’s information criterion (AIC), de-

fined as �2lnL � 2(number of estimated parameters), was used

to identify the most parsimonious model.

RESULTS

Preliminary data analysis. On the basis of data from 620 sub-

jects with data on S. mansoni egg count and 605 subjects tested

for all helminths in this schistosomiasis-endemic area, the prev-

alence of schistosomiasis was estimated at 44%, and the overall

prevalence of helminthic infection was 83.5%. Infection status,

as well as the demographic and clinical characteristics of 822

enrolled subjects are presented in table 2. The mean (�SD) egg

count was 120.54 (� 212.2) eggs/g of fecal matter (moderate

intensity of infection, according to the World Health Organiza-

tion scale [25]) for 273 individuals with a positive infection test

result, and the mean (�SD) tIgE level was 3858.57 (�2944) ng/

Heritability of Total IgE Level and Intensity of S. mansoni Infection ● JID 2008:198 (15 October) ● 3



mL. When grouped by level of exposure to infested water, 135

subjects had low exposure, 120 had medium exposure, and 144

had high exposure; 325 reported no contact with infested water.

Age, sex, smoking, helminthic infection status, and S. mansoni

egg count were identified as important covariates for log(tIgE

level). For log(egg count�1), age, sex, and categorical exposure

variables were retained as predictors, and despite the nonlinear

effect of age (figure 1A), addition of age-squared or age-cubed

terms did not substantially improve the fit of the model. Village

of residence and fishing activity were also statistically significant,

but other exposure variables absorbed their effect so these were

not retained in subsequent analysis.

The profiles of the adjusted log(tIgE level) and log(egg

count�1) distributions according to age category are presented

in figure 1. For log(tIgE level), there was an overall decline with

increasing age, with a dramatic drop from age 6 –9 years to

10 –14 years. For log(egg count�1), the age profile peaked in the

second decade of life, followed by a slow decline through adoles-

cence and beyond.

Familial correlation coefficients. Consistent with genetic

control, spousal pairs showed no significant correlation for log-

(tIgE level) and log(egg count�1) (table 3). A low parent-

offspring correlation, compared with sibling correlation, for

log(egg count�1)— 0.09 versus 0.17—might result from the

nonlinear relationship between log(egg count�1) and age

shown in figure 1A. Offspring were largely children, who had

higher egg counts overall (mean [�SD], 84.3 [� 190] eggs/g),

siblings were closer in age, and parents (always adults) had much

lower mean counts ( mean [�SD], 57.4 [� 109] eggs/g). More

distant relative pairs showed weak or negative correlations for

egg counts. The parent-offspring correlation (SE) was high

(0.278 [0.057]) and sibling correlation was lower (0.176 [0.067])

for log(tIgE level). Grandparental correlations were particularly

high (0.249) for log(tIgE level).

Heritability. Variance components analysis gave high heri-

tability estimates that were also highly significant (h2 � 0.574–

0.727; P � .014 to P � .001) (table 4) for both traits using all

available data (table 4). Estimated heritability for log(tIgE level)

and log(egg count � 1) were 0.59 and 0.31, respectively. The

proportion of phenotypic variance attributed to covariates was

substantial (e.g., 0.23 for log(egg count � 1)). For log(tIgE level),

a high kurtosis prevented accurate estimation of the proportion

of variance due to these covariates.

Segregation analysis. For log(tIgE level), a comparison be-

tween 2 sporadic models (models 1 and 2 in table 5) confirmed

there was no significant difference in residual correlations �PO

and �SS (P � .466). A single residual correlation coefficient for

first-degree relatives was estimated at 0.267 (�0.04), and all sub-

sequent models kept �PO � �SS. The codominant Mendelian

model showed a better fit to these data than the dominant

model, the sporadic model, or the environmental-mixed model.

A semigeneral dominant model in which �AB was estimated

showed a further improvement, and the estimated transmission

from putative heterozygotes was not significantly different from

the Mendelian expectation of 50%. The 12-unit difference in

log-likelihoods between a Mendelian codominant model and

the general model seems to arise from �100% transmission

from “AA” parents (under the general model 8, it was 81.6%)

and �50% transmission from “AB” parents (under the model 8,

it was 36.8%). When the most general model (8 in table 5) was

Table 2. Demographic and clinical characteristics of the study population from the
schistosomiasis-endemic region in the Conde district of Bahia, Brazil.

Characteristic Value

Male sex 360/822 (43.8)
Age, mean � SD, years (N � 822) 26.87 � 18.7
Infected with helminths 505/605 (83.5)
Infected with Schistosoma mansoni 273/620 (44.0)
S. mansoni egg count, mean � SD

All, eggs/g fecal matter (N � 620) 53.08 � 152.9
If count �0, eggs/g fecal matter (N � 273) 120.54 � 212.2
For subjects with water exposure data, eggs/g fecal matter (N � 403) 81.65 � 183.5

Total serum IgE level, mean � SD, ng/mL (N � 783) 3859 � 2944
log-transformed total serum IgE level, mean � SD (N � 783) 3.40 � 0.51
Level of exposure to infested water

Low 135/724 (18.7)
Medium 120/724 (16.6)
High 144/724 (19.9)

Smoking status
Current smoker 177/806 (22.0)
Household exposure 78/806 (9.7)

NOTE. Data are proportion (%) of subjects, unless otherwise indicated.
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used as the reference model, however, all reduced models (1–7)

were rejected. Examining the AIC showed that no reduced

model could explain these data better than the general model in

which the transmission from putative homozygous and hetero-

zygous parents was distinctly lower than expected.

Similarly, for log(egg count�1) (table 6), the LRT comparing

single distribution models with one or two correlation coeffi-

cients was not statistically significant (P � .205). The combined

residual correlation coefficient was 0.153 (�0.054). The most

general model fit significantly better than any reduced model,

and among other models, the environmental model fit best,

lending little support for a major gene controlling egg count in

these families.

DISCUSSION

Findings from analysis of this Brazilian study population of 822

individuals—with an estimated prevalence of Schistosoma man-

soni infection of 44%— contribute to previous evidence that

host genetic factors control variation in burden of infection as

measured by fecal egg count. Although there is a large body of

evidence indicating that genetic factors influence tIgE level,

these data have come largely from family samples ascertained

through atopic disease in industrialized regions. Here, we dem-

onstrate that variation in tIgE level in a population where the

main TH2 immune pathway stimulus is helminthic infection

also reflects a substantial additive genetic component.

We found a high heritability estimate (59%) for tIgE level

under a variance components model after adjusting for nonge-

netic factors such as age, sex, smoking status, helminth infection

status, and S. mansoni egg count, which took advantage of most

relative pairs in this sample with a complex family structure.

This estimate falls in the range of previously reported estimates

of 45%–78% in populations in which schistosomiasis is not en-

Figure 1. Age profiles for Schistosoma mansoni egg count and total
serum IgE (tIgE) level, showing mean log-transformed adjusted level by
age category; mean levels are displayed at median age. For details about
age categories, see Methods. Bars, mean � SE. A, Log(S. mansoni egg
count) adjusted for sex and low, medium, and high exposure to infested
water, recentered around the mean level for 20-year-old males without
exposure to infested water. B, Log(tIgE level) adjusted for sex, smoking,
helminthic infection status, and log-transformed S. mansoni egg count,
recentered around the mean level for uninfected, nonsmoking males at
age 20.

Table 3. Familial correlation coefficients between relative pairs for
log-transformed total serum IgE (tIgE) level and log-transformed Schis-
tosoma mansoni egg count.

Relative
pair

tIgE levela S. mansoni egg countb

No. of
pairs

Correlation
(SE)

No. of
pairs

Correlation
(SE)

Spousal 48 0.050 (0.145) 24 �0.170 (0.209)
Parent-offspring 402 0.278 (0.057) 217 0.093 (0.074)
Sibling 401 0.176 (0.067) 262 0.170 (0.079)
Half sibling 42 0.248 (0.169) 33 �0.075 (0.214)
Grandparent 180 0.249 ( 0.093) 67 �0.059 (0.126)
Avuncular 625 0.076 (0.070) 408 0.057 (0.061)
Cousin 651 0.139 (0.071) 451 0.013 (0.061)

a Adjusted for age, sex, smoking status, helminth infection status, and log-
transformed S. mansoni egg count.

b Adjusted for age, sex, and low, medium, and high exposure to infested water
sources.
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demic [14]. In other studies involving populations with similar

racial characteristics, heritability for tIgE level was 35%

(African-Caribbean population [26]) and 60% (African Ameri-

can population [27]). One previous study examining tIgE level

in a helminth infection– endemic population revealed familial

aggregation of high tIgE levels [28]. In an Indian population, low

heritability for tIgE level was attributed to possible helminthic

infection that was not tested for in this study population [15].

Our study identified a mean tIgE value of 3859 ng/mL (over 19

times the clinically relevant threshold of 200 ng/mL for atopy),

which strongly suggests that variation in tIgE level in this Brazil-

ian population (after adjusting for relevant covariates, including

helminthic infection) has a substantial genetic component.

However, segregation analyses of log(tIgE level) failed to iden-

tify any distinct single-locus model of inheritance. The most par-

simonious model (other than the general) was a Mendelian co-

dominant model, but this did not fit these family data as well as

the general model. Although these results do not support a single

major model, the strong heritability for log(tIgE level) suggests

that multiple genes acting together could explain our results.

Given the numerous covariates influencing tIgE level, it is not

surprising no single gene could be identified through segrega-

tion analysis. Prior investigations have supported a range of ge-

netic models of inheritance for tIgE level, including the follow-

ing: single Mendelian genes with recessive inheritance [29 –31]

or codominant inheritance [32], a 2-distribution Mendelian

model [33], as well as a more general polygenic model [34]; one

study suggested extensive genetic heterogeneity [35]. The lack of

consistency in the literature with respect to genetic models raises

the possibility of heterogeneity across populations. In this ad-

mixed Brazilian population, it is also possible that greater heter-

ogeneity in the population has reduced power to detect a single

major gene with clear Mendelian inheritance.

Our evaluation of the intensity of S. mansoni infection yielded

a substantial heritability estimate (31% for fecal egg count, ad-

justed for nongenetic covariates), although, again, no single ma-

jor gene could adequately explain this quantitative phenotype.

Although we did not have direct observation of individuals’

amount of contact with infested water, our questionnaire did

cover a wide variety of common activities that entail possible

exposure to the parasite, and the breadth of information allowed

us to construct 4 broad but valid intensity categories suitable for

statistical analysis. A previous study in a Brazilian population

found evidence for a codominant major gene that could explain

66% of variation in egg count (also adjusted for age, sex, and

water exposure) [16]. In another Brazilian study, after account-

ing for shared household effects and other covariates, Bethony et

al. found 27%–29% of variance in egg count could be explained

genetic effects [17, 18]. A Senegalese study, however, used seg-

regation analysis and found no evidence for a major gene effect

[36].

The profile for S. mansoni egg count (figure 1A) features a

peak in infection intensity in the second decade of life, which

represents acquisition of natural immunity to infection in ado-

lescence, and this appears to be minimally related to differences

in exposure to the parasite in a variety of settings according to

age [37, 38]. This natural immunity has been found to track with

increased levels of IgE for schistosome-specific antigens within

the same age groups and with a shift in the balance between

production of schistosome antigen-specific IgG4 and IgE in fa-

vor of IgE [39 – 41]. It does not track with tIgE level, as shown in

this study, in which mean level was highest among young chil-

dren age 6 –9 years old and then declined with increasing age. A

greater nonspecific component in IgE production, at the expense

of schistosome-specific IgE, may result in a less protective hu-

moral immune response in young children, compared with ad-

olescents and adults.

The high heritability estimate obtained for log(tIgE level) in

our Brazilian study implies that there are genes controlling tIgE

level regardless of the relative proportion of schistosome

antigen-specific IgE. Measuring schistosome antigen-specific

IgE and IgG4 in the Conde population could allow us to deter-

mine the relationship between specific immunoglobulin levels

and development of a protective immune response in individu-

als with schistosomiasis, as well estimating heritabilities for both

specific and nonspecific IgE; this work is in progress. Another set

of Brazilian families showed a positive sibling correlation for IgE

and IgG4 levels specific for egg antigens (but not for crude anti-

gen preparations of eggs or adult worms) [42].

While tIgE level does not appear to directly reflect natural

immunity in helminth infection– endemic populations, linkage

studies have implicated a locus in chromosome 5q31– q33 in

controlling asthma, including 3 studies of tIgE level as a

quantitative trait [43– 46], and intensity of schistosomiasis in-

fection in Brazilian and Senegalese populations [36, 47, 48]. Be-

cause this same chromosomal region was identified for helmin-

thic infection and for atopic phenotypes in a number of

independent studies, there may be a common genetic basis for

Table 4. Heritability estimates for log-transformed total serum
IgE (tIgE) level and log-transformed Schistosoma mansoni egg
count, as determined by variance components analysis.

Trait
Covariate

(% variance) h2 (SE) P

tIgE levela (N � 575) NCc 0.598 (0.090) �.0001
S. mansoni egg count b

(N � 403) 0.229 0.311 (0.120) .0012

NOTE. NC, not calculated.
a Adjusted for age, sex, smoking status, helminth infection status, and

log-transformed S. mansoni egg count.
b Adjusted for age, sex, and low, medium, and high exposure to infested

water sources.
c Because of the high kurtosis of the total IgE level distribution, it was not

possible to estimate the proportion of phenotypic variance attributable to
covariates.

6 ● JID 2008:198 (15 October) ● Grant et al.
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host susceptibility to helminthic infection and atopic disease.

Variants in IL13 located in this region have been associated with

intensity of S. haematobium infection [49]. Ongoing genotyping

studies include variants in the 5q31– q33 region, to determine

whether certain variants influence tIgE level, egg count, or both.

Genetic dissection of these 2 traits in tandem will allow localiza-

tion of particular genetic effects that influence aspects of host

immunity, or further downstream, influence the outcome of

schistosomiasis.
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