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SUMMARY

As has been shown previously, immunologically intact mice with patent Schistosoma mansoni infections had a significantly

lower mean platelet number than intact uninfected mice (P<0.0001). However, platelet numbers in T-cell deprived mice

with patent infections were not significantly different from those in uninfected T-cell deprived mice. Also, platelet counts

in both the infected and uninfected T-cell deprived groups were not significantly different from those in intact uninfected

mice. The S. mansoni-induced thrombocytopaenia in mice is thus seemingly immune dependent. Immunologically intact

mice with chronic 12-week-old S. mansoni infections had IgG antibodies that were reactive in an ELISA-type assay with

whole fixed platelets of both mouse and human origin. In Western immunoblots the IgG antibodies from chronically-

infected mice reacted in particular against mouse and human platelet antigens of 90, 37 and 30 kDa. Antisera raised from

2 rabbits, immunized respectively with mouse and human platelet antigens, cross-reacted with antigens of the larval, adult

worm and egg stages of S. mansoni. These results support the hypothesis that an anti-platelet antibody response may be

the cause of the thrombocytopaenia observed in mice with patent schistosome infections.
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INTRODUCTION

A short time after schistosome larvae infect their

vertebrate hosts they penetrate a blood capillary or

lymphatic vessel and for the rest of their lives they

remain intravascular and therefore in constant con-

tact with elements responsible for haemostasis. The

interactions of schistosomes with haemostatic de-

fence mechanisms have so far generated considerably

less research interest than their interactions with the

immunological defence system. We have, however,

shown that schistosome eggs interact vigorously with

both platelets (Ngaiza & Doenhoff, 1990) and endo-

thelial cells (Ngaiza, Doenhoff& Jaffe, 1993) and that

platelet counts are reduced in mice with patent

S.mansoni infections (Ngaiza&Doenhoff,1987).The

present study investigated whether the schistosome-

induced thrombocytopaenia is immune dependent.

The results suggest that although it has the semblance

of an auto-immune phenomenon the thrombocyto-

paenia may in fact be due to antibody responses

induced by parasite antigens that are cross-reactive

with mouse and human platelet antigens.

MATERIALS AND METHODS

Mice

CBA/Ca mice were bred in-house at the Winches

Farm field station of the London School of Hygiene

and Tropical Medicine or at the University ofWales,

Bangor.

Schistosome infections

An isolate of Schistosoma mansoni from Puerto Rico

was used throughout this work. Infections of cer-

cariae were applied percutaneously as described by

Smithers & Terry (1965).

T-cell deprivation

Following surgical removal of the thymus from 6

to 8-week-old CBA/Ca strain mice, each mouse re-

ceived 4 subcutaneous injections of 0.25 ml of rabbit

anti-mouse thymocyte serum on alternate days start-

ing 2 days after thymectomy. This procedure results

in a permanent 90% depletion of circulating T cells

(Doenhoff & Leuchars, 1977).

All procedures on experimental animals were

performed strictly under the provision of licences
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granted under the UK Animals (Scientific Pro-

cedures) Act 1986. All mice were checked for health

daily. Results from any animals displaying overt

symptoms of schistosomiasis (anaemia, weight loss,

cachexia, bloody diarrhoea) were excluded.

Preparation of schistosome antigens and antisera

Schistosome-derived material was prepared as de-

scribed. Cercarial transformation fluid was obtained

by mechanical transformation of cercariae to schisto-

somula in culture medium in vitro as described by

Darani et al. (1997) and soluble extracts of cercariae,

adult worms, and eggs as described by Doenhoff

et al. (1981).

Chronic infection serum (CIS) was obtained from

intact CBA/Ca strain mice that had been infected

12 weeks previously with 25 S. mansoni cercariae.

Platelet preparation and anti-platelet antisera

Suspensions of normal mouse and human platelets

were obtained from blood collected in citrated anti-

coagulant solution (0.1 M) and separated from eryth-

rocytes and nucleated blood cells by differential

centrifugation as described by Polley & Nachman

(1981). For storage, platelets in suspension were

centrifuged, the supernatants removed and the plate-

let pellets stored at x20 xC.

For preparation of rabbit anti-whole platelet anti-

sera, pellets of approximately 1010 mouse or human

platelets were thawed in 2 ml of HEPES-buffered

modifiedTyrode’s solution, sonicated and emulsified

with an equal volume of Freund’s adjuvant. Ten

0.1 ml volumes of the respective emulsions were

injected in separate subcutaneous sites. The injec-

tions were repeated 6 times at 2-week intervals, after

which the rabbits were exsanguinated and their sera

stored at x20 xC.

Blood platelet counts

Counts onplatelets in blood samples fromcontrol and

infected mice were performed using phase-contrast

microscopy as described by Ngaiza & Doenhoff

(1987), adapted from Brecher & Cronkite (1950).

Enzyme-linked immunosorbant assay (ELISA)

Washed platelets in suspension were fixed in 4%

paraformaldehydeandusedasantigentocoat thewells

of microtitration plates for detection of anti-platelet

IgG antibodies from the serum of CBA/Ca mice

chronically infectedwithS.mansoni. Indirect ELISA

was performed as described (Voller, Bidwell &

Bartlett, 1976).

Electrophoresis and Western immunoblotting

Washed platelet antigens or schistosome antigens

were subjected toSDS–PAGEand electrotransferred

onto nitrocellulose paper (NCP) as described

(Laemmli, 1970; Towbin, Staehelin & Gordon,

1979).

RESULTS

Fig. 1 shows that 45 days after percutaneous exposure

to 150 S. mansoni cercariae a group of immuno-

logically intact mice had a lower mean number of

blood platelets than a group of intact, but uninfected,

mice (P<0.0001). However, the groupmean number

of blood platelets in T-cell deprived mice infected

with the same number ofS. mansoni cercariae was not

statistically different from that in the uninfected

deprived mice, or in the intact control uninfected

mice.

The results in Fig. 1 suggested experiments to

investigate whether antibodies were responsible for

the reduction in platelet number in intact infected

mice. Both mouse and human platelets which had

been fixed and allowed to adhere to the surface of

microtitration plates were used as targets to detect

antibodies in anELISA-type assay andmice carrying

infections of lower intensity but greater chronicity

were used because initial experiments indicated that

antibody activity could not readily be displayed in

sera of mice infected for only 6–7 weeks.

Fig. 2 shows that IgG antibodies that reacted

against both species of platelet were detected in sera

of mice with 12-week-old S. mansoni infections

derived from 25 cercariae.

In Western immunoblots antisera from mice of

another experiment with chronic (15-week-old)

S. mansoni infections were found to react against

a series of antigens present in extracts of both mouse

and human platelets : the reactions given by sera from

Fig. 1. The effect of Schistosoma mansoni infection on

blood platelet counts in immunologically intact and T-cell

deprived CBA/Ca mice. Intact Control=immunologically

intact uninfected mice; Intact Infect=immunologically

intact mice infected 45 days previously with 150S. mansoni

cercariae, T-Depr Control=uninfected T-cell deprived

mice; T-Depr Infect=T-cell deprived mice infected

45 days previously with 150 cercariae. n=5 in each of the

4 groups. *P<0.0001 when compared with Intact Control.
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4 representative infected mice and an uninfected

control animal are shown in Fig. 3. Heterogeneity in

the IgG antibody responses of the infected animals

is evident, but reactivity against a 90 kDa molecule,

the antigenicity of which appears to be conserved in

both mouse and human platelets, was present in the

serum of each of the infected animals tested. The

antigenicity of a 30 kDa molecule reacted against by

1 infected mouse serum seems similarly conserved

between mouse and human platelets (Fig. 3, lane 2),

although heterogeneity in this regard was found with

respect to a 37 kDa molecule (Fig. 3, lanes 1 and 3).

Platelet counts were not performed on the mice

from which the results in Figs 2 and 3 were obtained,

but in a separate comparable experiment in which

infections had been established 15 weeks previously

with 25 cercariae, the uninfected control group

had a mean count of 948¡82r103 platelets/mm3,

while the infected group had a mean count of

384¡329r103 platelets/mm3 (P<0.01).

Fig. 4 shows the reactivity of IgG antibodies in

sera of 2 rabbits immunized with homogenates of,

respectively, wholemouse platelets andwhole human

platelets, against S. mansoni larval, adult worm and

egg antigens in Western immunoblots. A complex of

molecules of between 37 and 50 kDa are reacted

against in extracts of the 3 different schistosome

stages.

DISCUSSION

The present results indicate that the thrombocyto-

paenia that is induced by S. mansoni infections in

mice (Ngaiza&Doenhoff, 1987) is immune response-

dependent in so far as an infection-induced reduction

in platelet number did not occur in T-cell deprived

(i.e. immunosuppressed) mice. The phenomenon

has some resemblance to an auto-immune antibody

response.However, antibodies produced by 2 rabbits

immunizedwith, respectively,mouseorhumanplate-

lets, were reciprocally reactive against larval, adult

and egg schistosome antigens. The antibodies with

specificity for platelets generated during the course

of infection in mice could thus have been induced

by parasite antigens because of their inherent anti-

genic cross-reactivity with the host, but the result is

suggestive of an autoimmune response.

S. mansoni is, of course, primarily a parasitic

infection of humans and it is of interest that the

IgG antibody reactivity in the ELISA assay against

human platelets was as intense as that against mouse

platelets. In Western immunoblots of mouse and

human platelet antigens probed with the samemouse

infection sera there was some heterogeneity between

mice with regard to the reactivity of their IgG anti-

bodies, but antibody reactivity against a 90 kDa mol-

ecule present in both mouse and human platelets was

found in sera of all the mice. The identity of this

antigenic molecule, and of the 37 kDa and 30 kDa

molecules that reactedmost intenselywith antibodies

in the sera of individual mice, remains to be deter-

mined. The mouse with antibody specific for the

30 kDa platelet antigen had a less intense reactivity

against the 90 kDa molecule than the other 3 mice,

but it is not yet known whether this apparent in-

verseness is of any significance.

These results may help explain the cause of

the thrombocytopaenia that has been observed in

Fig. 2. Enzyme-immunoassay of anti-platelet antibody

reactivity in CBA/Ca mice infected with Schistosoma

mansoni. Reactivity of chronic infection sera from mice

infected 12 weeks previously with 25 S. mansoni cercariae

(cis) or from strain-, age- and sex-matched uninfected

normal mouse controls (nms) against paraformaldehyde-

fixed mouse and human platelet antigens. Results are

from 6 mice in each group.

Fig. 3. Western immunoblot reactivity of antisera from

mice infected with Schistosoma mansoni against

electrophoresed mouse and human platelet antigens.

Antigenic activity in, respectively, whole mouse platelet

(left panel) and whole human platelet (right panel) extracts

were probed with sera from 4 representative CBA/Ca mice

with 15-week-old S. mansoni infections (lanes 1–4) or from

a strain-, age- and sex-matched uninfected control mouse

(co). mw, Molecular weight standards in kDa.
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S. mansoni-infected mice (Ngaiza & Doenhoff, 1987)

and humans (Souza, de Toledo & Borges, 2000).

However, further work is required to characterize the

platelet antigens that are the targets of the putative

autoantibody responses induced by schistosome in-

fections and to determine whether the autoantibodies

cause any alteration of platelet function. In this re-

gard preliminary experiments indicate that IgG

purified from the serum of infected mice inhibited

thrombin-induced, but not epinephrine-induced ag-

gregation of normal mouse platelets in vitro (Ngaiza,

1988) and further work on this observation and on

antigen characterization is underway.

Anti-platelet antibodies may not be the sole cause

of the thrombocytopaenia: other factors may be op-

erating, particularly very early after patency when

antibody reactivity is not so readily detected. Schi-

stosome eggs are potently thrombogenic (Doenhoff

& Ngaiza, 1990) and this may cause platelets to be

consumed.

The adaptive advantages of schistosome-induced

thrombocytopaenia need further investigation. We

have unpublished evidence to indicate that platelets

can kill schistosomula both in vivo and in vitro and

thus may act as an innate defence mechanism against

schistosome infection. The reduction in platelet

number and modulation of their function that is

induced by established patent infections may thus

be a mechanism for reducing the effectiveness of the

platelet activity against incoming larvae.

On the other hand, a schistosome-induced re-

duction in platelet number and/or function could

have relevance for host well-being. Thus, platelets

have atherogenic potential (Farstad, 1998) and

atherosclerosis, a disease of coronary and cerebral

arteries, is the underlying cause of 50% of deaths in

westernized societies (Lusis, 2000). An atherogenic

pathway involving thrombin-activated platelets has

been described (Gawaz, 2000). We have described

elsewhere how S. mansoni infections exert an inhibi-

tory effect on atherogenesis in apoE gene knock-out

mice (Doenhoff et al. 2002) and the seemingly auto-

immune, anti-platelet effect of schistosome infections

described here may in part explain that observation.

The extent to which these experimental results can

be extrapolated to human diseases needs, however, to

be investigated more fully.
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