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Abstract. The effects of the blood protozoan, Trypanosoma bruces, was assessed on the homologous
immunity to Schistosoma mansons infection and the distribution of S. mansons eggs in the tissues
and faeces of dually infected mice. The trypanosome infection reduced the homologous protection
induced by a primary S. mansoni infection against a challenge infection and the faecal excretion
of eggs during the primary schistosome infection. The findings are discussed in relation to the immuno-
suppressive action of Trypanosoma infection.

It is well known that a pre-existing infection with Schistosoma species in mice induce
acquired resistance to subsequent homologous challenge infections and that this immu-
nity which is predominantly directed against the adult worms of the challenge infection
can also be demostrated to a lesser extent during the migratory stages in the skin
and lungs (Dean 1983). Furthermore, it has been amply demonstrated that primary
infections with unrelated helminths such as other trematodes (Hillyer 1976, Christen-
sen et al. 1981, Siraq et al. 1980) and nematodes (Crandal et al. 1966, Hunter et al.
1967) can induce significant protection in mice against subsequent infection with
Schistosoma species. However, the effects of protozoan parasites on secondary infections
with Schistosoma species are equivocal. While T'oxoplasma gondii infection given at the
appropriate time has protected mice against 8. mansoni infections (Mahmoud et al.
1976), Plasmodium chabaudi infection had no effects on worm recovery of secondary
S. mansoni infections (Long et al. 1980). Mixed results were obtained as regards the
effect of T'rypanosoma cruzi on resistance to S. mansoni challenge infections (Kloetzel
et al. 1973).

Apart from the effects of heterologous parasites, the immune status of the host has
been found to affect the longevity of schistosomes and the pattern of egg excretion in
experiments involving S. mansoni infection in T-cell deprived mice (Doenhoff et al.
1978, 1979).

In this study, the effect of T'rypanosoma brucei on the migrating schistosomules in
lungs, liver and messenteric veins during secondary Schistosoma mansoni infections in
mice harbouring existing primary infections of both S. mansoni and T'. brucei was
investigated. In addition, the effect of 7'. brucei on Schistosoma egg distribution in tissues
and excretion in faeces was also studied in primary S. mansoni infections in mice with
concurrent infections with 7'. brucei.
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MATERIALS AND METHODS

Mice and parasite materials: The mice used in these experiments were outbred albino mice
and they weighed 25 to 30 grams at the beginning of the experiment. The S. mansont was the Puerto
Rican strain and was maintained in the laboratory by transmission between mice and Biomphalaria
glabrata snails. T'rypanosoma brucei (Treu 858) was obtained from the Centre for Tropical Veterinary
Medicine, University of Edinburgh and maintained in the laboratory by syringe passage in mice.
Parasite infections: Infection of experimental mice with S. mansoni was done by the ‘ring’
method after anaesthesia with pentobarbitone (Smithers and Terry 1965). Blood containing
. brucei was obtained from donor mice and the experimental mice were infected with 7. brucet
(104 trypanosomes per mouse) intraperitoneally after the donor blood was diluted with phosphate
buffered saline (pH 7.2). All the infected mice were invariably parasitaemic as judged by regular
examinations of blood by the wet mount method.

The recovery of schistosomules and adult worms: For schistosomule recovery from lungs,
mice were killed with an overdose of pentobarbitone containing 10 units of heparin. The lungs
were dissected out into a conical flask and macerated with sharp, fine-pointed scissors. After the
addition of Hanks Balanced Salt Solution (HBSS) the flask was incubated for 3 hours at 37 °C.
The contents of the flask was then filtered through a 150 ym sieve into a 10 ml centrifuge tube. The
preparation was washed by centrifuging in heparinised HBSS and the sediment was re-suspended in
1 ml HBSS before being transferred into a Sedgewick Rafter counting cell. The living schistosomules
in each sample were counted under a dissecting microscope.

Recovery of early adult worms was by the method of portal perfusion described by Smithers
and Terry (1965) but since the worms were still small in size, counting was done under a dissecting
microscope after the perfuseates were transferred into Sedgewick Rafter chambers.

Faecal egg counts: Mice were placed individually in shoe-box cages on metal grids which allowed
faeces to pass through to the floor of the cages. Faecal collection was for 18 hours after which all
the faeces from each mouse were airdried and weighed separately. The schistosome eggs were
extracted from the facces by filtration and stained with ninhydrin solution as described by Bell
(1963). The faecal egg count was expressed as the number of eggs per adult worms pair recovered
during portal perfusion.

Tissue egg counts: After the perfusion of infected mice, the small intestine and liver were removed
separately into 100 ml conical flasks and macerated with scissors. The tissues were then digested
in 50 ml of 3 9, potassium hydroxide solution at 37 °C for 16 hours (Cheaver 1968) before the con-
tents of the flask were diluted by adding 50 ml water. 1 ml of this mixture was pipetted into a petri
dish and the number of eggs contained in this aliquot was counted under a dissecting microscope.
The number of eggs counted was multiplied by 50 and expressed as the number of eggs per worm
pair recovered by perfusion.

Experimental plan: The first experiment was set up to investigate the effect of T'. brucei on the
distribution of S. mansoni eggs in tissues and their excretion in faeces in mice harbouring primary
S. mansoni and T. brucei infections. Two groups of mice were infected with S. mansont initially.
After two weeks of the S. mansoni infection, 7. brucei was superimposed in one group while the second
group served as the S. mansoni mono-infected control. All the 7' brucei — infected mice was para-
sitaemic throughout the experiment as judged by regular examination of blood by the wet mount
method. Tissue and faecal egg evaluations were done on days 38, 42, 46, 50, 54 and 58 post-infection
with S. mansoni. At least three mice were used from each group during each day of evaluation.
After the collection of faecal samples, the mice were immediately killed and perfused for adult worm
recovery and their tissues werc stored at —20 °C for tissue egg counts at the end of the experiment.
The number of mice in each group was 24 and each mouse received 120 cercariae of S. mansons.

A second experiment was designed to study the effect of T'. brucei on the attrition of the worms
of a challenge S. mansoni infection in mice harbouring a primary schistosome infection. Two groups
of mice were each infected with 120 S. mansoni cercariae per mouse. Two weeks after this schisto-
some infection one of these groups was infected with T. brucei. Six weeks after the primary S. mansons
infection, these two groups of mice and a third group which was previously parasite-free were in-
fected with . mansoni (150 cercariae per mouse). Trom day 4 to day 10 of the secondary S. mansont
infection, at least 3 mice were killed daily from each of the three groups and the number of schisto-
somulae recovered from the lungs were determined. The number of young adult worms of the chal-
lenge S. mansoni infection was determined by portal perfusion three weeks after the challenge in-
fection.

RESULTS

The effects of 7. brucei infection on the distribution of S. mansoni eggs in tissu
and.ln faeces are shown in Fig. 1. S. mansoni eggs were present in liver and sméll ies
testine as from day 38 after infection. The distribution of eggs in tissues was com arabrll—
fo-r both the S. mansoni — infected mice and the S. mansoni plus 7'. brucei iﬁfect g
mice throughout the experimental period (¥ig. 1A, B). Fig. 1C shows :cha‘c S mansée i
eggs were detectable in faeces from about day 42 onwards and reached a peak (;n (15;,\7 57(?
However, the number of faecal eggs per worm pair was consistently ahd Signiﬁc;intl :
lower gP' < 0.05) in the S. mansoni plus T'. brucei infected mice than in the S manson};
mono-lnie(_'te(? mice. Th‘e wet and dry weights of faecal material per mouse in. 18 hburs
1‘;Vue;let 5ﬁo;esrliirél.ﬁcan‘cl} different between the two groups of mice throughout the experi-

In Fig. 2, fohe pe.ak recovery of challenge schistosomules from mice harbouring primary
S. mansoni infection was delayed relative to naive mice indicating a delay of schisto-
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moular migration from the skin to the lungs o-f the immune _mice. F:n'thermorfs,. ltf ses_ms
that the superimposition of 7'. brucei infection on the primary S. mansoni infec 1(l)n'
annulled the delay of the migration of the challenge schlgtoso'mules in the S. manson;
plus 7. brucei infected mice so that the schistosomqlar migration jchrough. the !ungs o

these mice follows a similar pattern to the situa?ion in the naive mice. Bes1dels),l1t s.e(f:ms
that although the peak schistosomulae recovery 18 de.laye(.l and lower in thelT ; mcez-.rze
mice harbouring primary S. mansoni infection, the migration spread over a longer period,
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Fig. 2. The effect of 7T'. brucei infection on schistosomule recovery from the lungs of mice harbouring
patent primary S. mansont infection.

so that the effect of immunity at this stage seems to be manifested only as a delayiln,
schistosomular migration. The total number of schlstos_omules recovgred from .nalv?
T. brucei — free mice; S. mansoni plus T'. brucei infected mice; and the mice with pnmaryi
S. mansoni infection were 59 + 4.0, 56 + 2.9 and 51 + 4.7, respec‘?lvely. T}x<?3 numé)eg
of young adults recovered from the same groups by/portal {-)el‘fl.lSIOn were 31 4 6.8,
25 + 4.2 and 18 4 3.7, respectively, indicating a 41.% reduction in worm ~rec(?/v<.3r} }1111
the T. brucei-free mice harbouring S. mansoni infection z.md a.reductlo‘n of 28 % in t e
T'. brucei — infected mice harbouring primary S. mansoni infection relative to naive mice.

DISCUSSION

The results obtained from the present studies show that_T : brucei.infect'ylon .reduc.ed
S. mansoni faecal egg excretion during the Primary schls‘?osom.e infection Hif, ml(cle
although the pattern of egg distribution in the liver and smal.l intestine were not a e:fe ;
Furthermore, this trypanosome infection annulled t'he delay in schistosomular m;lgra 1;)n
through the lungs which occurred in the immune mice .f:}nd tenfled to reduce ‘ohe'z fot:p o-
gous protection induced by a primary S. mansoni infection against a secondary infection.
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Adequate S. mansoni faecal egg excretion surprisingly depends on immunological
competence of the host in mice. Thus Doenhoff et al. (1978), have shown that mice
deprived of T. lymphocytes by means of thymectomy and anti-thymocyte serum and
subsequently infected with S. mansoni had substantially fewer eggs in their faeces than
in immunologically intact control mice although the pattern of egg distribution in tissues
remained unchanged. Since the effect of 7'. brucei on the schistosome egg excretion in
faeces is similar to the effects obtained after experimentally induced immunosuppression,
it is possible the effect produced by the trypanosome is a consequence of its immuno-
suppressive action. Impairment of T. and B. lymphocyte function during trypanosomia-
sis has been shown by several workers (Eardly and Jayawardena 1977, Moulton
and Coleman 1977, Pearson et al. 1978, Mansfield and Bagastra 1978). This
suppression of T. and B. cells during trypanosomiasis may also be responsible for the
interference with homologous resistance in 8. mansoni plus 7. brucei-infected mice as
the overall result of such lymphocyte dysfunction is a generalised suppression of cellular
and humoral immune responses (Greenwood 1974).

The present. findings also shed some light on the point of attrition of the schistosomes
of a challenge infection in mice harbouring a primary homologous infection. Although
a delay in schistosomular migration through the lungs of mice with a primary S. mansoni
infection occurred, it seems that the main point of attrition of the worms of the challenge
infection in the mice was after they had left the lungs. The investigations by Dean and
Mangold (1983) using autoradiographic techniques have proved this view.

It seems obvious from these experiments that a concurrent infection with 7'. brucei
and S. mansoni in mice could have great consequences for both the host and the schisto-

some and this provides another example of the interactions that occur between parasites
In concurrent infections.

B3AUMHOE BJIUSHUE TOMOJOTHUYHOTIO NMMMYHUTETA

N SKHCRPENUN AUI NPU MUCTOCOMO3HON NHOEKIIMUN ¥ MBIIIE i1
HOHRYPEHTHO UHOUINUPOBAHHBIX TRYPANOSOMA BRUCEI

N SCHISTOSOMA MANSONI

B. O. ®ar6emn

Pesiome. Usyvanoch Bmsmme 1poTo30iiHoit undexnmnn Trypanosoma brucei Ha rOMOJIOTHYHEII
VUMMYHHTET HOPOTHB Schistosoma mansoni M Ha pacupefelderue siiry Schistosoma mansoni
B TKAHAX M DKCKPEeMEHTAaX Yy MblLIell ¢ jIBOWHON umHpernned. NHOeKOus TPHIaHOCOMAMH CHHU-
KaeT cTeNleHb IOMOJIOTMYHON 3aIMTHl HHIYIMPOBAHHOH IEPBHYHON MHPEKImei Schistosoma
mansont MPOTAB MOBTOPHOI'O 3a PAKEHUsI U BHIJIJICHNC SAII] ¢ YKCKPEMEHTaMIL B XO/ie IIe PBUYHOM

MH(EKIUN. Pe3yiIbTaTsl MccileloBaHusA MCKYTHPYIOTCS B OTHOIEHAH ¢ MMMYHOCYIPeCCHBHBIM
BIIUSIHNEM TPANAHOCOMHOI MH(EeKIUN.

REFERENCES

BELL D. R., 1963: A new method for counting to Schistosoma mansoni in Hchinostoma
Schistosoma mansoni eggs in faeces with revolutum infection mice. J. Parasitol. 67:
special reference to therapeutic trials. 164—171.

Bull. WHO 29: 525.

CHEEVER A. W., 1968: Conditions affecting
the accuracy of potassium hydroxide diges-
tion techniques for counting Schistosoma
mansont eggs in tissues. Bull. WHO 39:
328.

CHRISTENSEN N. 0., NYDAL R., FRAND-
SEN F., NANSEN P., 1981: Homologous
immunotolerance and decreased resistance

CRANDALL R. B., CRANDALL C. A., HUN-
TER G. W., AREAN V. M., 1966: Studies
on cross-resistance in Schistosoma and Ascaris
suwm infections of mice. An. Trop. Med.
Parasit. 60: 70—76.

DEAN D. A., 1983: Schistosoma and related
genera: Acquired resistance in mice. Expt.
Parasit. 55: 1—104.

—, MANGOLD B. L., 1983: Autoradiographic

321



analysis of resistance te re-infection with
Schistosoma mansont in mice. Evidence
that most worm elimination occurs in the
liver. An. Trop. Med. Hyg. (in press).

DOENHOFF M., MUSALLAM R., BAIN J.,
McGREGOR, 1978: Studies on the host-
parasite relationship in Schistosoma mansoni
infected mice: the immunological dependence
of parasite egg excretion. Immunology 35:
771—778.

—, MUSALLAM R., BRAIN J., McGREGOR
A., 1979: Schistosoma mansoni infections
in T-cell deprived mice and the ameliorating
effect of administering homologous chronic
infection serum. 1. Pathogenesis. An. Trop.
Med. Hyg. 8: 260—273.

EARDLEY D. D., JAYAWARDENA A. N,,
1977: Suppressor cells in mice infected
with Trypanosoma brucei. J. Immunol. 119:
1029—1033.

GREENWOOD B. M., 1974: Immunosuppres-
sion in malaria and trypanosomiasis. Ciba
Foundation symposium 1974, London, pp.
137—159.

HILLYER G. V., 1876: Can we vaccinate
against schistosomes? Federation Proceed-
ings 35: 2568—2571.

HUNTER G. W., VELLECA W. M., CRAN-
DALL R. B., 1967: Studies on schistosomi-
asis. XXII. Cross resistance to Schistosoma
manseni and  Nippostrongylus brasiliensis
infections in albino mice. Exp. Parasitol.
21: 9—15.

KLOETZEL K., FALEIROS J. H., MENDES
S. R., STANLEY C. T., ARIAS H. S,
1973: Concurrent infection of albino mice
by Trypanosoma cruzi and Schistosoma
mansont. Parasitological parameters. Trans

Received 3 January 1987

FOLIA PARASITOLOGICA 34: 322, 1987.

Roy. Soc. Med. Hyg. 67: 652—658.

LONG E., LWIN M., TARGETT 8., DOEN-
HOFF M., 1981: Factors affecting the
acquisition of resistance against Schistosoma
mansont in the mouse. VIL. Failure of
concurrent infections with Plasmodium chaba-
udt to affect resistance to re-infection with
§. mansoni. An. Trop. Med. Parasit. 75:
79—86.

MAHMOUD A. A. F.,, WARREN K. S., STRIC-
KLAND G. T., 1976: Acquired resistance
to infection with Schistosoma mansoni
induced by Toxoplasma gondii. Nature
263: 56—57.

MANSFIELD J. M., BAGASTRA O., 1978:
Lymphocyte function in experimental Afri-
can trypanosomiasis 1. B. cell responses
to Helper T. cell-independent and dependent
antigens. J. Immunol. 120: 759—765.

MOULTON J., COLEMAN J., 1977: Immuno-
suppression in deer mice with experimentally
induced trypanosomiasis. An. Vet. Res.
38: 573—575.

PEARSON T. W., ROELANTS G. E., LUNDIN
L. B., MAYOR-WITHEY K. S., 1978:

Immune depression in 7Trypanosoma-in-
fected mice. European J. Immunol. 8:
73—1717. '

SIRAQ S. B., CHRISTENSEN N. O., FRAND-
SEN F., MONRAD J., NANSEN P., 1980:
Homologous and heterologous resistance in
Echinostoma revolutum infections in mice.
Parasitology 80: 479—486.

SMITHERS S. R., TERRY R., 1965: The
infection of laboratory hosts with cercariae
of Schistosoma mansoni and the recovery
of adult worms. Parasitology 55: 695—700.

B. O. F., Department of Veterinary
Microbiology and Parasitology,
University of Ibadan, Ibadan,
Nigeria

M. 8. Gilyarov (Ed.): Biologicheskiy entsiklopedicheskiy slovar. (Biological encyclopa-
edical dictionrary). Publ. House Sovetskaya entsiklopediya, Moskva 1986, 832 pp.,

many Figs., 58 Plates. Price 14.10 R.

This is an outstanding work compiled by
a team of about 500 specialists covering all
branches of biology including those developing
intensively in the last years. It contains nearly
7,600 items the more important of which are
accompanied by references to special publica-
tions. Included are many black and white
drawings depicting various biological objects.
The extinct organisms and many plant and
animal species are represented on plates 42 of
which are in colours. The proper text is followed
by a list of scientists, index of Latin names,
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index of Russian terms and list of synonymes
of several Russian names of plants and animals.
The dictionary is closed by a list of biological
literature divided into 21 sections, one of which
deals with parasitology. In each section the
most important monographs, journals. ency-
clopaedias and reference journals are given.
It is a very useful work, destined for pedago-
gues, students and all those interested in bio-
logical sciences. It was edited with a great
care and the authors are to be warmly con-
gratulated. Dr V. Cerny, C.Sc.
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