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Abstract. 'We have previously examined the antibody isotype responses to schistosome worm and egg antigens
in human populations living in areas of Kenya and the Philippines endemic for Schistosoma mansoni and S. japonicum,
respectively. Here, we have analyzed antibody isotype responses to S. mansoni adult worm (AW) antigen and soluble
egg antigen (SEA) in more than 500 Brazilian individuals, and found similar relationships with age and sex as in the
Kenyan and Filipino populations. Isotype responses to AW antigen broadly increased with age whereas isotype
responses to SEA decreased, and a higher proportion of males than females had detectable IgE against AW antigen.
Most isotype responses to AW antigen and SEA correlated positively with intensity of infection with S. mansoni
except AW antigen-specific IgG,, which correlated negatively. The overall prevalence of infection with S. mansoni
in this area was relatively low at only 39.5%; hookworm prevalence was higher at 57.4%. The majority of those
infected with S. mansoni were also infected with hookworm (76%). Those individuals with high IgE responses to
AW antigen were matched for sex, age, and total IgG to AW antigen as closely as possible with individuals with low
levels of AW antigen-specific IgE. The two groups were compared for factors potentially influential in IgE production.
No difference was found between the high and low IgE responders for 1) intensity or prevalence of infection with
S. mansoni, 2) relative exposure to S. mansoni, 3) number of previous treatments for schistosomiasis, or 4) prevalence
of infection with hookworm, but differences were found in other isotype responses to S. mansoni. The high IgE
responders had higher IgA and IgG, against both AW antigen and SEA but lower IgG; responses to AW antigen than
the low IgE responders. The IgE responses to three S. mansoni antigens (paramyosin, Sm22.6, and a 12-kD AW

antigen band) were detected in individuals with IgE against AW antigen only.

Studies of human immunity to Schistosoma spp. in en-
demic populations have indicated that parasite-specific an-
tibody isotypes vary in their association with either suscep-
tibility or resistance to reinfection. Inmunoglobulin E and
IgA, which can mediate antibody-dependent cellular cyto-
toxicity of schistosomula in vitro,'-* are associated with sub-
sequent resistance to reinfection following treatment,*'!
whereas IgM, IgG,, and IgG, are associated with suscepti-
bility to reinfection.® '>-'¢ In both scenarios the levels of spe-
cific antibodies vary with age. We have previously examined
antibody isotype responses to schistosome adult worm (AW)
antigen and soluble egg antigen (SEA) in sera from human
populations living in areas of Kenya and the Philippines en-
demic for S. mansoni and S. japonicum, respectively.'” De-
spite differences between these two populations in terms of
host genetics, exposure to the parasite, socioeconomics, and
infection with different species of schistosomes, the parasite-
specific immune responses were strikingly similar. For ex-
ample, IgE against AW antigen broadly increased with age
whereas most isotype responses to SEA decreased with
age.'” In addition, levels of IgG,, IgG,, and IgE against AW
antigen were higher in the males compared with the fe-
males.'” The same methods used in the Kenyan and Filipino
studies'’ have been used here to examine the pattern of iso-
type responses to AW antigen and SEA in a population from
a S. mansoni-endemic area of Brazil, comprising more than
500 individuals, with particular reference to the relationships
between isotype responses and age and sex. The association
between S. mansoni-specific IgE levels and resistance to re-
infection has been observed with post-treatment responses
to schistosomal and adult worm stages only,”-® and we have
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found that parasite-specific IgE responses do not correlate
with total serum IgE levels (unpublished data). This indi-
cates that the association between parasite-specific IgE and
resistance to reinfection is not due simply to a general in-
crease in IgE.

Production of IgE follows sequential isotype switching
from IgM to IgE via IgG, and there is increasing evidence
for the regulation of such antibody production by cytokines.
The production of IgE is stimulated by interleukin-13 (IL-
13) and IL-4, and modulated by IL-12 and interferon-gam-
ma.'®-2' The action of IgE may be blocked specifically by
IgG,.%'5-'¢ Production of IgG, is also stimulated by IL-4,"
but it is unclear as to whether these two isotypes are coreg-
ulated or independently regulated. Some studies have found
in vivo that parasite-specific IgG, levels correlate with par-
asite-specific IgE levels,'” 2 suggesting that they may be co-
regulated, whereas other studies found no correlation be-
tween serum levels of these two isotypes, indicating that
they may be independently regulated.?*-?* Interferon-gamma,
IL-8, IL-9, IL-10, IL-13, tumor necrosis factor-alpha, and
prostaglandin E, may also be involved in the regulation of
IgE production.

In light of the variability in isotype levels with age and
sex,'” investigation of the control of parasite-specific IgE
production would need to allow for such variation. In ad-
dition to examining whether or not parasite specific antibody
isotype responses in this Brazilian population conformed to
the age and sex patterns we have observed in Kenya and the
Philippines, we have also initiated studies on the control of
parasite-specific IgE production by identifying individuals
with high and low IgE responses to AW antigen. The indi-
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viduals were matched for age, sex, and total IgG responses
to AW antigen as closely as possible in the absence of any
reference to intensity of infection. The two groups were then
compared for factors that may be influential in IgE produc-
tion.

MATERIALS AND METHODS

The same methods as used previously when studying Ken-
yan and Filipino populations were used to enable compari-
son of the results.® '

Antigen preparation. The life cycle of a Puerto Rican
strain of S. mansoni was maintained in outbred TO mice
(Tuck Ltd., Battlebridge, United Kingdom) and the snail
Biomphalaria glabrata. Adult worms were retrieved by per-
fusion of the hepatic portal system.? Soluble S. mansoni AW
antigen was the supernatant obtained after adult worms were
homogenized in liquid nitrogen,'” and tegument-stripped S.
mansoni adult worm was a phosphate-buffered saline (PBS)
extract of adult worms prepared as described previously.?
Soluble S. mansoni SEA was the supernatant obtained after
eggs were homogenized in PBS.?

Recombinant Sm22.6 (rSm22.6) was prepared by electro-
elution as described previously.® Native paramyosin and a
12-kD adult worm band were also prepared by electro-elu-
tion; paramyosin from sodium dodecyl sulfate—polyacryl-
amide gel electrophoresis (SDS-PAGE) on a 6% gel® of teg-
ument-stripped AW antigen and the 12-kD band from SDS-
PAGE on a 14% gel® of AW antigen. The bands at 97 kD
and 12 kD, respectively, were cut out of the appropriate gels
and electro-eluted at 8-10 mA for 3-5 hr. The purity of
rSm22.6 and the 12-kD adult worm band were checked by
Western blot analysis with monospecific polyclonal rabbit
sera raised against each antigen. Similarly, the purity of
paramyosin was checked by Western blot analysis with an
anti-paramyosin monoclonal antibody (kindly provided by
Dr. Edward Pearce, Cornell University, Ithaca, NY).

Enzyme-linked immunosorbent assay. Anti-human iso-
type antibodies were used to quantify the AW antigen and
SEA-reactive IgA, IgE, IgG, IgG,, IgG,, IgG,, IgG,, and IgM
present in individual human infection sera by ELISA, using
reagents described in detail elsewhere.®%'” The AW antigen
was used at a concentration of 8.4 ng/ml for the detection
of reactive IgE and at 4.2 pg/ml for all other assays. Re-
combinant Sm22.6, paramyosin, and 12-kD band-reactive
IgE and IgG were quantified as described previously for
rSm22.6.° In all assays, sera were used at a dilution of 1:
200 for the detection of IgG, IgG,, IgG,, IgA and IgM, at
1:100 for the detection of IgG, and IgG;, and at 1:20 for the
detection of IgE. Each assay was performed in triplicate and
the results were expressed as absorbance units. The optical
density (OD) values were adjusted for plate-to-plate varia-
tion by means of an internal standard.

Study population. The procedures for serum and stool
collection followed the guidelines laid down by the Helsinki
Convention and were approved by the FIOCRUZ ethics
committee. All information was given to the patients and
their written informed consent was obtained (from parents
on behalf of children where necessary) prior to the study.
Approximately 8 ml of whole blood was collected from 534
randomly selected inhabitants (ranging in age from 5 to 84

years) of Corrego do Bernardo (Governador Valadares
County), an area that is endemic for S. mansoni and which
is situated in Minas Gerais, Brazil. Blood was collected from
as many patients as possible within Corrego do Bernardo,
including two schools. A special effort was made, however,
to recruit males between 25 and 35 years of age. Normal,
uninfected human serum was obtained from residents in the
United Kingdom with no history of schistosomiasis. Corre-
sponding intensities of infection with S. mansoni for each
individual were determined from duplicate slides of a single
stool examination using the Kato-Katz technique. Prevalence
of infection with S. mansoni was defined as a score of = 1
eggs/gram of feces. The same stool samples were also used
to assess qualitatively the presence of infection with hook-
worm (Necator americanus), Ascaris lumbricoides, Trichu-
ris trichiura, and/or Taenia solium. Prevalence of infection
with hookworm was defined as the detection of one or more
eggs in the stool sample. All S. mansoni-infected individuals
were treated with oxamniquine (Pfizer, Guarulhos, Sao Pau-
lo, Brazil) according to the standard Brazilian dose of 15
mg/kg for adults and 20 mg/kg for children. Some individ-
uals had been treated previously for schistosomiasis mansoni
in 1990-1991. All individuals with hookworm, Ascaris, or
Trichuris infections were treated with 600 mg of mebenda-
zole (Central de Medicamentos, Rio de Janeiro, Brazil) (one
week after treatment with oxamniquine where necessary).
Treatment, clinical evaluation, and medical attention was of-
fered to all individuals in the area, regardless of whether or
not they participated in this project. Relative exposure to the
parasite was estimated from the length of residence in Cor-
rego do Bernardo and the frequency of water contact, both
of which were determined during an interview with each
patient.

Selection of the high and low IgE responders. From the
population of 534 individuals, the 48 individuals with IgE
levels against AW antigen of OD,qy ,, Values > 0.035 in the
ELISA (an arbitrary cut-off value; Figure 1) were classified
as high AW antigen-specific IgE responders and used to
form a group of high IgE responders. They were matched
first for sex, and then for age and IgG responses to AW
antigen, as closely as possible, with individuals from the
same population who had low levels of IgE against AW an-
tigen. The pairs were classified as a group of low IgE re-
sponders. Following this selection procedure, two individu-
als left the study area. They were removed from all analysis,
together with their respective pair, leaving 46 patients per
group. All individuals in the high and low IgE responder
groups were clinically examined for hepatosplenomegaly.

Statistical analysis. In analysis of the whole population,
relationships between immune responses to AW antigen or
SEA and age or intensity of infection with S. mansoni were
examined by Spearman’s rank correlation coefficient. Coin-
fection with S. mansoni and hookworm was analyzed by
Pearson’s chi-square test. Significant differences between the
high and low IgE responders in mean intensity of infection
and mean isotype responses to AW antigen and SEA were
determined using the nonparametric Mann-Whitney test for
unpaired data not normally distributed. Differences in prev-
alence of infection with S. mansoni and hookworm between
the high and low IgE responders were analyzed by Pearson’s
chi-square test.
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FIGURE 1.

Individual IgE responses to Schistosoma mansoni adult worm antigen by age (in years). Results are expressed as mean absorbance

values (A,q .») Of triplicate assays. The line at an optical density of 490 nm (OD,q ) 0.035 indicates the arbitrary cut-off value for high IgE

responders.

RESULTS

The overall prevalence of infection was 39.5% with S.
mansoni and 57.4% with N. americanus; A. lumbricoides, T.
trichiura, and Taenia solium were found to be of negligible
prevalence (< 1%). Spearman’s rank correlations suggested
the presence of a negative association between age and in-
tensity of infection with S. mansoni (r = —0.136, n = 415,
P < 0.05). The majority of people infected with S. mansoni
were also infected with hookworm (125 of 164; 76%). Pear-
son’s chi-square test indicated that those infected with hook-
worm had a higher probability of also being infected with
S. mansoni (x* = 39.474, P < 0.001). Of those who were
infected with hookworm, 52.5% (125 of 238) were also in-
fected with S. mansoni, compared with 22% (39 of 177) of
those who were not infected with hookworm.

Antibody isotype responses to S. mansoni. Table 1 shows
the Spearman’s rank correlations between different antibody
isotype responses to S. mansoni AW antigen or SEA and age
or intensity of infection with S. mansoni. With the exception
of IgG,, all isotype responses to AW antigen correlated pos-
itively with intensity of infection and age. Most isotype re-
sponses to SEA correlated positively with intensity of infec-

TABLE 1
Correlations between age or intensity of infection with Schistosoma
mansoni and different antibody isotype responses to S. mansoni
adult worm and soluble egg antigens

Adult worm antigens* Soluble egg antigens*

S. mansoni S. mansoni

tion and negatively with age. Figure 1 shows the individual
IgE responses to AW antigen by age and highlights how
relatively few individuals in this population had high levels
of IgE against AW antigen. A high AW antigen-specific IgE
responder was arbitrarily defined as one with IgE against
AW antigen of greater than OD,g, ,, 0.035 in the ELISA.
The relationship between this arbitrary cut-off value and the
level of individual responses is illustrated in Figure 1. The
response by normal, uninfected human serum approached
zero. Using this definition, only 48 (approximately 9%) of
the 534 individuals tested could be classified as AW antigen-
specific IgE responders, who varied in age from eight to 82
years. Although there were slightly more female than male
AW antigen-specific IgE responders (28 females versus 20
males), there were proportionally more males. Figure 2
shows the proportion of male and female AW antigen-spe-
cific IgE responders in four age groups (i.e., 5-10 years, 11—
14 years, 15-34 years, and 35-84 years) of approximately
equal size. As well as showing that there were proportionally
more male than female AW antigen-specific IgE responders,
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intensityt Aget intensityt Aget g 77
10-
IgA 0.198§ 0.335§ 0.085 0.008
IgE 0.141§ 0.248%§ -0.022 -0.023 5
IgG, 0.417§ 0.097§ 0.257§ -0.186§ 77 1
1gG, -0.151§ -0.073 0.119§ -0.077 77 [—”
1gG, 0.071 0.174§ 0.063 0.170§ 0 ——r T s
IgG, 0.349§ 0.173§ 0.590§ 0.034 510 114 1534 3584
1gG 0.398§ 0.098§ 0.466§ -0.136§ Age Group
IgM 0.067 0.163§ 0.232% —0.041 FIGURE 2. Percentage of individuals in the whole population

* Spearman’s rank correlation coefficient.

+ Minimum number of observations was 415.
1 Minimum number of observations was 523.
§ P < 0.05.

(dark line) who were male (striped bars) and female (dotted bars),
by age group (in years), who were classified as high IgE responders
in the ELISA.
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FIGURE 3. Antibody isotype responses to Schistosoma mansoni adult worm and soluble egg antigen (SEA) detected by ELISA. A, IgG (),
IgA (O). IgM @), and IgE (W). B, IgG, (W), IgG, (O), IgG, @), and IgG, (M). Results are expressed as the overall mean absorbance values
(A4 am) for the high and low IgE responders. A level of significance is shown when a difference between the two groups was observed. OD

= optical density.

Figure 2 illustrates the increase in proportion of AW antigen-
specific IgE responders with age.

Comparison of the high and low IgE responders. The
46 high IgE responders were matched with individuals from
the same study population with low levels of IgE against
AW antigen for sex, age, and IgG responses to AW antigen
as closely as possible. The IgG levels were not matched
exactly but were balanced, and the mean OD,y ., Values
were not significantly different (high IgE responders:
0.3779; low IgE responders: 0.380). The two groups were
compared in terms of 1) other isotype responses to AW an-
tigen and SEA, 2) prevalence and intensity of infection with
S. mansoni, 3) prevalence of infection with hookworm, 4)
relative exposure to S. mansoni, 5) the number of previous
treatments for schistosomiasis, and 6) IgE and IgG reactivity
with a selection of S. mansoni antigens. Figure 3 shows the
mean OD,y, .. values for IgA, IgM, IgG,, IgG,, IgG,, and
IgG, isotype responses to AW antigen and SEA for the high
and low IgE responders, together with the level of signifi-
cance of differences between the two groups.

The high IgE responders had significantly higher IgA and
IgG, against both AW antigen and SEA but lower IgG,
against AW antigen than the low IgE responders. As shown
in Table 2, no significant difference in either prevalence or
intensity of infection with S. mansoni was observed between
the high and low IgE responders. Similarly, no significant
difference was found in prevalence of infection with hook-
worm. No significant difference was observed in either 1)
the length of residence in Corrego do Bernardo, 2) the es-
timated frequency of water contact, 3) the number of pre-
vious treatments for schistosomiasis, or 4) the degree of
morbidity between the two groups. Figure 4 shows the IgE
and total IgG levels against three S. mansoni antigens
(rSm22.6, a 12-kD AW antigen band, and paramyosin) for
the individuals in the high and low IgE responder groups.
The IgG responses were observed to these antigens by some
individuals from both groups, whereas IgE specifically re-
active with rSm22.6, the 12-kD AW antigen band, or para-
myosin was detected in sera from individuals in the high IgE
responder group only.

TABLE 2
Percentage prevalence of infection with Schistosoma mansoni and/or hookworm, and mean intensities of infection with S. mansoni in the high

and low IgE responder groups

High IgE Low IgE
S. mansoni Infected* 18 19
Not infected 22 24 x2 = 0.006
% infected 45 44.2
Intensity of infectiont 133.5 * 63.1 127.3 £ 53.2
Hookworm Infected* 24 24
Not infected 16 20 x2 = 0.255
% infected 60 54.6
* Number individuals infected with either S. mansoni (=eggs per gram [epg] of feces count =1) or hookworm (=egg count =1), and p ge prevall of inf
+ Mean i ity of infection with S. i exp! d as mean * SE epg.
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FIGURE 4. Individual IgE and IgG responses to A, the 12-kD band,
B, recombinant Sm22.6, and C, paramyosin in the high (@) and low
(O) IgE responder groups. Results are expressed as the mean ab-
sorbance values (A,g .m) Of triplicate assays. OD = optical density.

DISCUSSION

The 534 Brazilian individuals who participated in this
work comprised a study population described here for the
first time. This population, which was essentially unselected,
will form the basis of many future investigations, both cel-
lular and humoral, primarily directed towards elucidating the
control of IgE production. In this paper, we have described
pretreatment isotype responses to S. mansoni adult worm and
soluble egg antigens at the population level, which is im-
portant for defining the underlying immune responses in this
new population. As with previous studies on both Kenyan
and Filipino individuals,'” we found that isotype responses
to AW antigen generally increased with age whereas similar
responses to SEA tended to decrease with age. In addition,
with the exception of IgG, against AW antigen, most isotype
responses against AW antigen and SEA correlated positively
with the intensity of infection with S. mansoni. Despite using
the same detection methods, we found fewer high AW an-
tigen-specific IgE responders in the Brazilian population in
comparison with previous population-based studies in both
Kenya and the Philippines.®'” This may be due to differ-
ences in the intensity of transmission of the parasite, host
genetics, or socioeconomic factors, for example. However,
albeit using different techniques, Rihet and others’ and De-
meure and others'® detected numerous high AW antigen-spe-
cific IgE responders in Brazil.

Interleukin-5—-dependent eosinophilia is well documented
as a characteristic of helminth infection,”® which, together
with in vitro evidence for IgE-dependent cell-mediated cy-
totoxicity of schistosomula principally by eosinophils'-* and
negative correlations between IgE responses to AW antigen
and low levels of both pretreatment* and postreatment®* in-
tensities of infection with Schistosoma spp., indicates that
IgE may either be directly involved in mediating resistance
to reinfection or be an indirect marker for a resistant phe-
notype. However, as in previous studies on S. mansoni,® '
we did not find a negative correlation between IgE levels
against AW antigen and pretreatment intensity of infection.
Similarly, we found no significant difference in the preva-
lence or mean intensity of infection with S. mansoni between
the age- and sex-matched high and low IgE responders. An-
tibody-dependent, eosinophil-mediated reactions occur
against other helminths, including Trichinella spiralis,3' On-
chocerca volvulus,® Toxocara canis,’® Brugia malayi,* and
N. americanus®S (but not Fasciola hepatica®), and Pritchard
and others’’ observed negative correlations between IgE or
eosinophil levels and hookworm (N. americanus) weight or
fecundity. Infection with other parasites, therefore, may have
had an influence on the levels of total IgE and/or AW anti-
gen-specific IgE. We tested for the presence of A. lumbri-
coides, T. trichiura, Taenia solium, and hookworm infec-
tions, and found that although the prevalence of infection
with A. lumbricoides, T. trichiura, and Taenia solium was
negligible, the overall prevalence of hookworm (41%) was
higher than that with S. mansoni. Necator americanus is im-
munologically cross-reactive with A. lumbricoides*® and
Toxocara canis,® but the degree of IgE cross-reactivity be-
tween N. americanus and A. lumbricoides is less than with
other antibody isotypes.*® Schistosoma mansoni is known to
be immunologically cross-reactive with F. hepatica*' but the
degree of IgE cross-reactivity between S. mansoni and hook-
worm remains to be elucidated. Although coinfection with
S. mansoni and hookworm was observed in only 30% (125
of 415) of the whole population, the majority of those in-
fected with S. mansoni were also infected with hookworm.
It remains to be determined if this is a reflection of a general
susceptibility of some individuals to infection with parasitic
helminths, and although it is not clear how immunologic
interactions between coinfecting helminths might influence
the distribution of helminth species in human populations,
this may be of significance in terms of an immune response
to one parasite influencing the response to a second parasite.
In an experimental murine model, it has been shown that S.
mansoni infection can induce cytokine mediated changes to
immune responses directed against coinfecting Trichuris
muris.*?

The ability to mount an IgE response against defined an-
tigens may be dependent on the level of total IgE which, in
turn, may be genetically determined. In both Kenya and the
Philippines, we found that only those with relatively high
IgE responses to either S. mansoni or S. japonicum AW an-
tigen had detectable IgE responses against a 22-kD SDS-
PAGE AW antigen band containing the tegumental antigen
Sm22.6."7 This is supported by our results; IgG responses to
three antigens associated with low intensities of reinfection
following treatment (i.e., rfSm22.6,° paramyosin,** and a
12-kD AW antigen band [Dunne DW and others, unpub-
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lished data]) were observed in some individuals from both
groups, whereas specifically reactive IgE was detected in
sera from a few individuals in the high IgE responder group
only. The low number of individuals with high IgE responses
against these antigens may be due to the low number of high
AW antigen-specific IgE responders. We are currently in-
vestigating the possibility that the ability to mount a high
IgE response is genetically determined by screening high
and low IgE responders for genetic mutations that may be
associated with atopy. These include a mutation in the 8-sub-
unit of the high affinity receptor for IgE (FceRI) that has
been linked to atopic responses in some asthmatic families,*
and possible mutations in the area of the genome encoding
the inflammatory cytokines (i.e., IL-3, IL-4, and IL-5).%5-46
It would be interesting to measure total (nonspecific) IgE in
the high and low IgE responders to see if the ability to mount
a high IgE response against specific antigens is dependent
on the level of total IgE and T helper cell 2 (Th2) cell ac-
tivation. Individuals infected with S. mansoni have higher
parasite-specific IgE than those who are uninfected,*’ and
total IgE levels correlate negatively with hookworm weight
and fecundity.’” However, we have examined pretreatment
total IgE levels in a Kenyan community?® and found no re-
lationship between total nonspecific IgE and S. mansoni-spe-
cific IgE (unpublished data). Similarly, Pritchard and others*’
and Hagel and others*® found no correlation between total
and parasite-specific IgE.

The high IgE responders had higher IgG, and IgA to both
AW antigen and SEA but lower IgG; to AW antigen than
the low IgE responders. The difference in IgG, would not
be unexpected if IgE and IgG, are indeed coregulated. Like-
wise, since IgG; production may be regulated by IL-10,-%
and not affected by either IL-4 or IL-8,%' the difference in
IgG; was not surprising. The difference in IgA, however,
was harder to explain. Although very little is currently
known about the regulation of IgA production in humans,
class switching to this isotype may be associated with trans-
forming growth factor-beta.’? Class switching to IgG, may
also be induced by IL-10,%-% but we found no significant
difference in IgG, against either AW antigen or SEA be-
tween the high and low IgE responders. Subsequent cellular
studies on age-matched male and female pairs from the high
and low IgE responder groups described here have suggested
that the high IgE responders were exhibiting a more Th2-
type response than the low IgE responders.

To summarize, we have found that the pattern of antibody
isotype responses to S. mansoni AW antigen and SEA in a
Brazilian population were similar to those observed in pop-
ulations from Kenya and the Philippines; that individuals
infected with S. mansoni had a higher probability of also
being infected with hookworm; and that subjects with high
levels of AW antigen-specific IgE had higher IgA and IgG,
but lower IgG; than those with low levels of AW antigen-
specific IgE. This study population is extremely valuable in
that it gives us the opportunity to investigate immune re-
sponses in a population coinfected with two helminths, as
well as to examine antibody isotype responses to hookworm
antigens, to assess the degree of cross-reactivity between S.
mansoni and hookworm, and to investigate the control of
IgE production further by more direct means.
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