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Schistosoma manson: infected Kenyan patients were lreated and the intensities of their
reinfections were followed over the next two years. In addition, their pre- and six month post-
freatment serum levels of IgG1-4, IgM, and IgE, specific for schistosomula, egg and adult worm,
were measured in ELISA. No reinfection took place before six months post-treatment. Reinfection
intensities varied with age,; the younger children becoming reinfected at significantly higher
intensities than older individuals. When antibody and reinfection levels were compared, only the
six month post-treatment IgE reponse against adult worm correlated negatively with intensities
of reinfection and, therefore, was predictive of resistance or immunity to reinfection. IgE and
IgG specific Western Blots were carried out. The adult worm antigens recognized by IgE were
restricted compared with the IgG responses of the same patients, although no individual antigen
- was uniquely recognized by the IgE isotype. A dominant 22 kDa antigen was recognized by most
but not all high IgE responders. Patients with IgE responses againsi this antigen suffered
significantly lower subsequent levels of reinfection, compared with non-responders. A monospe-
cific rabbit antiserum against the 22 kDa adult worm antigen showed that this antigen is
specifically located in the tegument of the adult worm and of 'lung' and 'liver’ stage schistosomula,
" but is absent from the early 'skin’ schistosomula. It is possible that this antigen is a target for
human Igk mediated immune effector mechanisms active against the post skin stage schistosomula
and that this is boosted by the death of adult worms.
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RESISTANCE TO REINFECTION WITH SCHISTO-  related differences in exposure to infection

SOMES IN ENDEMIC POPULATIONS

It has been repeatedly reported that, 1n areas
which are endemic for human schistosomiasts,
children have higher intensities and prevalences
of infection than adults; for example, the ob-
servations of Kloetzel & Da Silva (1967). Simi-
larly, after chemotherapeutic cure of existing
infections of either Schistosoma mansoni or S.
haematobium, younger individuals in an en-
demic population become remfected at much
higher intensities (as judged by the numbers of
parasite eggs excreted) than adults. For many
years it was not clear whether these differ-
ences in reinfection rates were caused by age
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(Warren, 1973) or by the development of a
protective immunity. More recently, careful
field studies have measured individual intensi-
ties of reinfection after treatment of S. mansoni
(Butterworth et al., 1985; 1988b) and §.
haematobium (Wilkins et al., 1987), whilst also
monttoring the amount of contact the same
individuals had with infective water. These
studies have shown that, although intensities
of reinfection are related to exposure to infec-
tion, the differences In intensities between
children and older groups are too great to be
accounted for merely by differences in expo-
sure. This age related resistance to reinfection
1s also dependent on previous exposure to In-
fection, since the incidence of infection in
individuals within an endemic population, who
have no evidence of previous infection, shows
no decline with age; whereas the incidence of
reinfection in previously infected and treated
individuals, within the same population with
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comparable patterns of contact with infectious
water, shows a dramatic decline with age
(Sturrock et al., 1987; Butterworth et al., un-
published results), Peak levels of prevalence
occur at an earlier age in endemic populations
which have higher mean intensities of infec-
tion with S. haematobium (Woolhouse et al.,
1991). Based on the predictions of mathemati-
cal models of immunity, these observations
have been interpreted as proving the existence
of protective immunity in human schistosome
infections (Woolhouse et al., 1991; discussed
by Hagan elsewhere 1in this volume). Similar
age shifts in peak intensities of infection have
been observed in S§. mansoni nfections by
Fulford et al. (submitted for publication), al-
though these authors question the ability of
such models to predict the existence of immu-

nity.

Thus, it seems likely that age-related dif-
ferences in susceptibility to reinfection are due,
at least 1n part, to the development of a pro-
tective immunity rather than to non-specific,
age-related changes in human behaviour or
physiology. If this 1s true then, i1n contrast to
immunity to many virus and bacterial infec-
tions, protective immunity to schistosomes
takes many years to manifest itself after initial
infection. One of the main goals 1n studies of
schistosomiasis 1n human populations is to
identify the mechanisms involved in this re-
markably slow development of immunity.

HUMAN ANTIBODY RESPONSES AGAINST SCHIS-
TOSOMES

Despite the continuing susceptibility to
reinfection of young children, a wide range of
anti-schistosome immunological responses can
be demonstrated throughout the whole infected
population, irrespective of age. However, there
are age-related qualitative and quantitative dif-
ferences, both 1n the isotype composition of
human antibody responses and the epitopes to
which these antibodies are directed (Jassim et
al., 1987; Iskander et al., 1981; Dunne et al.,
1988; Hagan et al., 1991). We have previously
demonstrated that, in a population of 129 §.
mansoni-infected Kenyan schoolchildren be-
tween the ages of 6 and 16 years, the youngest
(most susceptible) children tend to respond par-
ticularly strongly against carbohydrate epitopes
present both on polysaccharide antigens in the
parasite egg and on glycoproteins and other
glycoconjugates associated with the outer tegu-
ment of the early ‘skin-stage’ schistosomulum
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(Dunne & Bickle, 1987; Dunne et al., 1987).
The composition of the antibody responses
against these epitopes is relatively rich in IgG2
and IgM. The levels of anti-carbohydrate re-
sponses generally, and of 1gG2 and IgM re-
sponses in particular, decline with age (Dunne
et al.,, 1988). When the levels of individual
antibody responses were compared with the
intensities of reinfection found in these chil-
dren after chemotherapeutic cure, 1t was found
that high levels of anti-egg and anti-carbohy-
drate antibodies and high levels of IgG2 and
[gM at the time of treatment, correlated posi-
tively with high intensities of reinfections in
the same 1ndividuals over the subsequent 18
months period (Butterworth et al., 1987;
1988a). These findings suggested that anti-
carbohydrate IgGG2 and IgM antibody responses,
rather than being host protective in nature, were
at best unhelpful to the patient or at worst
actually acting as ‘blocking’ responses. Thus,
it 1s possible to postulate that all individuals 1n
the population have potentially protective im-
munological responses directed against the
surface of the ‘skin-stage’ schistosomula, but
younger children also produce large amounts
of ineffective anti-carbohydrate epitope Ig(G2
and IgM. These i1sotypes are selectively in-
duced by the T independent type II nature of
the polysaccharide egg antigens which share
epitopes with various glycoconjugates associ-
ated with the schistosomula tegument (Mazza
et al., 1990). IgM antibodies directed against
the schistosomulum surface have been shown
to be ineffective in mediating antibody-depen-
dent eosmnophil killing of schistosomula in vifro
(Khalife et al.,, 1986), and IgG2 mediated
schistosomula killing 1s more dependent on the
activation state of the cosinophil effector cell
than 1s the killing mediated by IgGl (Khalife
et al., 1989).

CORRELATIONS BETWEEN IgE RESPONSES AND
REINFECTION

In the course of these studies on the inter-
action between IgG subclasses responses and
reinfection with S. mansoni, no response was
identified which negatively correlated with
intensities of reinfection after treatment (that
is, no antibody response was predictive of
subsequent low intensities of reinfection) and,
therefore, had the characteristics of a poten-
tially host protective response. However, in a
recent study of a cohort of individuals of wider
age range with S. haematobium infections,
Hagan and his colleagues have demonstrated a
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significant relationship between IgE antibod-
ies against adult worm or egg antigens and
resistance to remfection (Hagan et al., 1991).
After allowing, in logistic regression analysis,
for age, sex and exposure, Hagan and his col-
leagues found that those individuals in the
highest quintile of IgE responses were tenfold
less likely to become reinfected than those in
the lowest quintile, thus suggesting the involve-
ment of IgE in protective immunity. The in-
volvement of IgE in immunity to infection with
schistosomes had previously been demonstrated
i the S. mansoni-rat model (Capron et al.,
1981), and 1n in vitro studies of various anti-
body-mediated anti-schistosome effector
mechanisms (Capron et al.,, 1984). Here we
report some of our recent work which concen-
trated on the relationship between reinfection
with S. mansoni and human IgE responses 1in
a group of 151 Kenyan patients, between 6
and 66 years of age.

These patients were all examined to assess
the number of eggs they were excreting before
freatment and bled to assess their pretreatment
serum antibody levels. They were then treated
with praziquantel. A subsequent reinfection
score¢ for each patient was caleulated from the
resuits of six stool surveys between 12 and 36
months post-treatment, each survey consisting
of duplicate Kato thick smear preparations from
three separate stool samples. Little or no
reinfection took place in the first 12 months
post-infection. When IgE levels, before and 6
months after treatment, were measured against
ege, schistosomulum and adult stages of the
parasite life-cycle in ELISA, and then com-
pared statistically with levels of pretreatment
infection and levels of remfection, it was found
that the 6 month post-treatment anti-adult worm
response correlated negatively with the ob-
served levels of reinfection (Pearson's correla-
tion coefficient: -0.307; p < 0.01). The pre-
treatment anti-adult worm responses did not
correlate with either prefreatment intensities
of infection or post-treatment reinfection. No
negative correlation was found between
reinfection and IgE anti-egg or schistosomular
antigens: instead, the anti-egg IgE responses
“correlated positively with intensities of
reinfection (+ 0.261; p < 0.01). Thus, the nega-
tive relationship with subsequent reinfection
was peculiar to IgE responses to the adult
worm, and then only when measured after
chemotherapeutic cure (but before exposure to
-greinfection). The restriction of this association
between IgE and lack of reinfection to the

adult stage of the parasie life-cycle, suggests
that it is not merely due to a generalized in-
crease 1n the level of IgE with age. This, to
some extent, i1s in contrast to the situation
described for human S. haematobium infec-
tions, where negative correlations with
reinfection were found with IgE responses
against both egg and adult worm developmen-
tal stages (Hagan et al., 1991).

In order to ascertain if the association be-
tween anti-worm responses and lack of
reinfection reflected a general increase in anti-
adult worm antibodies or was restricted to the
IgE 1sotype, individual IgG subclass responses,
and IgA, IgM and total IgG responses to adult
worm were also compared with intensities of
reinfection 1n these patients. No other isotype
response correlated negatively and significantly
with intensities of reinfection. However, IgE
responses against a number of different adult
worm antigen preparations, including a puri-
fied outer tegument preparation and a sodium
periodate-treated (to oxidize carbohydrate
epitopes) adult worm preparation, also nega-
tively correlated with reinfection. Again these
negative relationships were only found if anti-
body levels were measured after treatment of
the primary infection, suggesting the possibil-
ity that production of these particular IgE an-
tibodies 1s enhanced by the death of the adult
worms.

A consistent confounding factor in attempts
to correlate particular antibody responses with
resistance to reinfection with S. mansoni in-
fections in man is the strong association be-
tween intensities of reinfection and age. As
anti-worm IgE and reinfection are both strongly
correlated to age, 1t 1s possible that the asso-
ciation of high IgE anti-adult worm antibodies
with lack of reinfection after treatment was
fortuitous rather than causal. Initial attempts
to control for the effects of age in multiple
regression or logistic regression analysis were
unsuccessful, since the age effects were too
strong for residual effects to be detected (the
Pearson correlation coefficient between age and
‘reinfection’ was -0.718; the correlation for
IgE with age was +0.261). However, when the
correlations between intensities of reinfection
and the IgE responses against these worm
antigen preparations were re-analysed sepa-
rately for the 6 to 16 year old group and for
the greater than 16 year olds, it was found that
the IgE responses of the younger group were
negatively correlated with reinfection, but no
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significant correlation was found in the older
group. In fact, the negative correlations be-
tween IgE anti-worm and anti-periodate treated
worm and reinfection were stronger in the under
16 year old group than the population as a
whole. Furthermore, the correlation between
anti-worm IgE responses and age 1s lost if the
individuals under the age of 16 years are con-
sidered separately. Thus, it appears that the
older members of the population are contrib-
uting more strongly to the associations with
age than to the associations with reinfection
and IgE. This is probably because older indi-
viduals in the population form a more hetero-
geneous group than do the school-age children
in terms of their water contact behaviour, with
some of the adults being unexposed and nei-
ther showing strong IgE responses nor becom-
ing reinfected. The under 16 year old children
were reanalysed by multiple regression analy-
s1s and this showed a significant effect of anti-
worm IgE (F = 4,96 with 1, 56 df; p < 0.05)
or anti-periodate treated worm IgE (F = 15.01
with 1,56 df; p < 0.001) even after allowing
for the effects of age. Therefore, in the younger
age groups, the development of post-treatment
IgE antibodies against worm antigens is asso-
ciated with the development of an age-related
resistance to reinfection, and the development
of these antibodies can be dissociated from the
effect of age itself,

ADULT WORM ANTIGENS RECOGNIZED BY HU-
MAN IgE

The association between the IgE response
against adult worm and resistance to reinfection
suggests that the antigens recognized by IgE
may be target antigens for protective immunity.
In order to 1dentify these antigens, we subjected
the S. mansoni adult worm preparation which
was used inthe ELIS A assays to SDS polyacryl-
amide electrophoresis followed by Western blot
and then compared the individual adult worm
antigens which were recognized by human IgG
or IgE. None of the antigens were recognized
exclusively by IgE. However, the pattern of
antigens recognized by human IgE in this sys-
tem was very restricted compared with that
recognized by IgG. In particular, a 22 kDa
antigen was strongly recognized by many, but
not all, of the patients who were high IgE anti-
worm responders in ELISA. When the whole
study population was scored, as being either
positive or negative for IgE recognition of the
22 kDa worm antigen in Western blots, it was
found that intensities of reinfection were sig-
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nificantly lower among those who had detect-
able IgE antibodies against the 22 kDa antigen
than among those who did not. A monospecific
serum was raised by immunizing a rabbit with
22 kDa antigen which had been electro-eluted
from SDS-polyacrylamide gels. When this se-
rum was used to immunoprecipitate the 22 kDa
antigen from homogenates of metabolically la-
belled, ‘skin-stage’ schistosomula, ‘lung-stage’
schistosomula, 12, 18, 21 day old immature
worms and adult worms; this antigen was not
found in the ‘skin-stage’ schistosomula, but it
was found in lung-stage larvae and all subse-
quent developmental stages up to adult worm.
Immunogold electron-microscopy revealed that
the 22 kDa antigen was only expressed in the
tegument of the parasite,

The absence of this antigen in the early
‘skin’ schistosomulum may account for the lack
of a negative relationship between IgE re-
sponses against this developmental stage and
resistance to reinfection in this study popula-
tion. There 1s no strong evidence to suggest
that immunological effector mechanisms di-
rected against the adult worm play an impor-
tant role 1n protective immunity against S.
mansoni 1n man. Indeed, the weight of evi-
dence suggests that under normal circumstances
the adult worm 1s impervious to immunity
attack. However, the occurrence of antigens in
‘post-skin’ stage, pre-adult worms allows the
possibility that protective immunological re-
sponses are effective against migrating ‘post-
skin’ stage larvae. Preliminary experiments
using rabbit anti-22 kDa rabbit serum in indi-
rect immunofluorescence assays against the
surface of live schistosomula and pre-adult
worms failed to demonstrate the presence of
this antigen on the surface of the parasite.
Therefore, this antigen may not be available to
immune effector mechanisms, such as antibody
mediated cellular cytotoxicity, which are di-
rected against the outer tegument of the para-
site. However, metabolically labelled ‘lung-
stage’ schistosomula, cultured in vitro, were
found to secret the 22 kDa antigen into the
culture medium. Thus, it is possible that IgE
responses directed against antigen released by
the migrating larva may trigger a series of
inflammatory reactions in tissues adjacent to
the parasite, and these reactions are detrimen-
tal to the the parasite’s successful migration
and development.

We have used the monospecific rabbit anti-
22 kDa tegumental antigen to screen an adult
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worm cDNA hbrary. A large number of cDNA
clones have been . identified with these anti-

" bodies and these clones are now being charac-

terized (Havercroft et al., personal communi-
cation). As not all high IgE responding, appar-
ently immune, individuals have antibodies
which recognise this 22 kDa antigen, other
antigens which have the same pattern of de-

~ velopmental expression and ability to induce

IgE antibodies may also be involved in the
induction of protective IgE responses. We are
screening adult worm cDNA libraries for clones
which are recognised by IgE from selected
patients.
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