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FAGBEMI, BENJAMIN, NIELS @QRNBJERG CHRISTENSEN and
PETER NANSEN: Suppression of Babesia microti infection in mice
concurrently infected with Schistosoma mansoni. Acta vet. scand. 1985,
26, 191—204. — Blood cell parasitaemias of Babesai microti and
associated haematological changes were studied in mice concurrently
infected with Schistosoma mansoni and in controls with no schis-
tosome infections. In comparison to the controls B. microti parasit-
aemias were suppressed markedly in mice harbouring 6 and 8 weeks
old patent S. mansoni infections at the time of infection with B. mi-
croti. The suppression was accompanied by an alleviation/annulment
of the B. microti induced reductions in haemoglobin and haemato-
crit levels and in its erythropoetic stimulation. The suppressive effect
of patent S. mansoni infections on B. microti is suggested to be at least
partly attributable to non-specific immunological factors although the
altered erythrocyte kinetic state induced by the schistosoma infection
in combination with the preference of B. microti for mature (old)
erythrocytes might also play a role in the suppression. In mice har-
bouring 2 weeks old prepatent S. mansoni infections B. microti was
not suppressed.

rodent model; double infection; parasitaemia;
haematological parameters; altered erythrocyte
kinetic state; immunological factors.

Infections of domestic stock animals and man with more than
one parasite species at the same time is the rule rather than the
exception (Willett 1972, Buck et al. 1978a,b) and the possibility
that this may give rise to heterologous interactions has stimulated
an increasing interest in experimental studies designed to analyse
various aspects of multiple parasitism in the same definitive host.
In fact, concurrent experimental infections with some helminths
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and protozoans have shown that a primary helminth infection
may augment a superimposed protozoan infection (Kloetzel et al.
1973, Yusuf et al. 1980) and the reverse situation, i.e. the sup-
pression by a helminth infection of a superimposed protozoan
infection is also well documented (Ngwenya 1982, Bailenger &
Guy 1982, Lwin et al. 1982). However, the accompanying effects
of such interactions on the associated disease patterns have until
now not been the subject of much study.

The experiments described in the present paper were con-
ducted to elucidate possible effects of primary prepatent and
patent Schistosoma mansoni infections on the course of a super-
imposed Babesia microti infection in mice.

MATERIALS AND METHODS
Mouse and parasite material

Outbred, albino, female mice obtained from the State Veter-
inary Serum Laboratory, Copenhagen, Denmark weighing 25—30
g at the beginning of the experiments were used. Cercariae of
S. mansoni (Puerto Rican strain) were obtained from Biompha-
laria glabrata snails. B. microti (King’s strain) was originally
obtained from the Centre for Tropical Veterinary Medicine, Uni-
versity of Edinburgh, Scotland and the protozoan was main-
tained by needle passage in mice.

Infection procedure and measurements of parasitological
parameters

Infection of mice with S. mansoni cercariae (120 cercariae/
mouse) was made using the ring method (Smithers & Terry
1965). Adult schistosomes were recovered by perfusion (Smithers
& Terry 1965) and the presence of schistosome eggs in faeces was
confirmed using the Bell method (Bell 1963).

B. microti containing blood for mouse infections was obtained
from the cut tail tip of donor mice and the parasites were in-
jected intraperitoneally using 10¢ organisms per mouse after dilu-
tion of blood with phosphate buffered saline. B. microti parasit-
aemia (percentage parasitized red blood cells) was monitored by
examining 1000 red cells in Giemsa-stained thin blood smears and
the frequency of multiple B. microti per erythrocyte was as-
sessed based on the number of piroplasms in each of 100 para-
sitized erythrocytes.
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Haematological parameters

Blood samples were obtained from the cut tail tip of the mice
and haemoglobin concentrations were determined by the cyano-
methaemoglobin method. Reticulocyte counts were determined
by the method of King (1973) and haematocrit values were
measured by conventional techniques.

Ezxperimental plans

Three experiments (Exp. 1, 2 and 3) were conducted in which
B. microti was given to mice harbouring 2, 6 and 8 weeks old
primary S. mansoni infections, respectively, and to corresponding
non-infected controls. Each experiment also included a third
group infected with S. mansoni only and a fourth group of para-
site-free mice. The number of mice in each of all groups was 10.
In each experiment B. microti parasitaemia and haematological
parameters were determined once weekly for 7 weeks following
B. microti infection. Besides, in Exp. 2 and 3 the number of piro-
plasms per parasitized erythrocyte was determined. At the end
of the experiment the size of the established schistosome infection
was determined and prior to the start of each experiment involv-
ing mice harbouring primary patent schistosome infections at the
time of infection with B. microti (Exp. 2 and 3) the establish-
ment of the schistosome infection was confirmed by the demon-
stration of schistosome eggs in faeces.

The Student’s t-test was used to assess significance of differ-
ences between mean values and P < 0.05 was considered signifi-
cant.

RESULTS

The results obtained from Exp. 1 (Figs. 1 and 4A) show that
a 2 weeks old prepatent S. mansoni infection had no effects on
the course of a superimposed B. microti infection. The reticulo-
cyte counts and the reductions in haemoglobin and haematocrit
levels in the group of mice concurrently infected with S. mansoni
and B. microti were as could be explained from the effects of
each of the parasites acting separately except at week 6 where
the haematocrit value of the double infected group was inexplic-
ably significantly higher than in the group of mice infected with
S. mansoni only. The number of worm pairs recovered at the end
of the experiment in the S. mansoni infected group only and in
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Figure 1. Babesia microti parasitaemia and haematological para-
meters (haemoglobin, haematocrit) in mice harbouring 2 weeks old
Schistosoma mansoni infections at the time of infection with B. mi-
croti and in mice infected with B. microti or S. mansoni only (Exp.
1). (V) B. microti only; (@) S. mansoni plus B. microti; (4) S. man-
soni only; (4p) Parasite-free.

the S. mansoni plus B. microti infected group was 22 =4 and
25 + 6, respectively.

The results obtained from Exp. 2 (Fig. 2, 4B and 5) show
that a primary 6 weeks old newly patent S. mansoni infection
suppressed a superimposed B. microti infection. The B. microti
parasitaemia in the schistosome infected group was thus sup-
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Babesia microti parasitaemia and haematological para-

meters (haemoglobin, haematocrit) in mice harbouring 6 weeks old
Schistosoma mansoni infections at the time of infection with B, mi-
croti and in mice infected with B. microti or S. mansoni only (Exp.
2). (V) B. microti only; (@) S. mansoni plus B. microti; (A) S. man-

soni only; ({p) Parasite-free.
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Figure 3. Babesia microti parasitaemia and haematological para-
meters (haemoglobin, haematocrit) in mice harbouring 8 weeks old
Schistosoma mansoni infections at the time of infection with B. mi-
croti and in mice infected with B. microti or S. mansoni only (Exp.
3). (V) B. microti only; (@) S. mansoni plus B. microti; (A) S. man-
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Figure 4. Reticulocyte counts per 100 red cells in mice harbouring

2 (A, Exp. 1), 6 (B, Exp. 2) and 8 (C, Exp. 3) weeks old Schistosoma

mansoni infections at the time of infection with B. microti and in mice

infected with S. mansoni or B. microti only. (W) B. microti only;

(@) S. mansoni plus B. microti; (A) S. mansoni only; (’) Parasite-
free.
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pressed to a statistically significant level weeks 2, 3 and 4 follow-
ing infection as compared with that of the protozoan monoinfec-
tion. After week 4 the difference in parasitaemia between the 2
groups diminished and the level of parasitaemia became low (Fig.
2). Besides, the frequency of multiple B. microti infections per
erythrocyte week 3 and 4 was markedly lower in the double
infected group than in the group infected with B. microti only
(Fig.5). From Fig. 2 it will be seen that S. mansoni alone induced
a progressive anaemia and that B. microti alone induced a trans-
ient anaemia reaching a statistically significant level weeks 3,
4 and 5 following infection as shown by the reductions in the
haemoglobin and haematocrit values. However, it will also appear
that the haemoglobin and haematocrit values were comparable
throughout the experimental period in the S. mansoni infected
group only and in the S. mansoni plus B. microti infected group,
i.e. a superimposed B. microti infection on an already established
6 weeks old patent S. mansoni infection did not further reduce
the level of anaemia developed. The reticulocyte counts reflecting
the rate of the erythropoesis are illustrated in Fig. 4B and it will
appear that the S. mansoni infection induced a progressive reti-
culocytosis reaching a statistically significant level from week 2
and onwards and that B. microti alone induced a statistically
significant increase in reticulocyte counts weeks 3 and 4 after
infection. However, although the reticulocyte counts in the S.
mansoni plus B. microti infected group were consistently higher
than in the group infected with S. mansoni only the differences
never reached a statistically significant level, i.e. a superimposed
B. microti infection on an already established 6 weeks old patent
S. mansoni infection did not significantly raise the rate of the
erythropoesis. The number of worm pairs recovered at the end of
the experiment in the S. mansoni infected group only and in the
S. mansoni plus B. microti infected group was 27 = 6 and 24 = 6,
respectively.

The results obtained from Exp. 3 (Fig. 3, 4C and 6) using
mice harbouring primary 8 weeks old S. mansoni infections at
the time of infection with B. microti were comparable with those
obtained in mice harbouring 6 weeks old S. mansoni infections
(Exp. 2), but the S. mansoni induced anaemia and associated
reticulocytosis and the level of suppression of B. microti as shown
by the B. microti parasitaemia (Fig.3) and by the frequency of
multiple B. microti infections per erythrocyte (Fig. 6) were much
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Figure 5. Relative frequency (%) of number of Babesia microti
per parasitized red blood cell in mice harbouring 6 weeks old Schis-
tosoma mansoni infections at the time of infection with B. microti
and in mice infected with B. microti only (Exp. 2). A: B microti only;

B: S. mansoni plus B. microti.

more marked. This suppression of B. microti was also illustrated
by the fact that the superimposed B. microti infection on the
already established S. mansoni infection did not give rise to any
further reduction in the haemoglobin and haematocrit values
(Fig. 3) and by the fact that no statistically significant differen-
ces could be demonstrated between reticulocyte counts of the S.
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Figure 6. Relative frequency (%) of number of Babesia microti
per parasitized red blood cell in mice harbouring 8 weeks old Schis-
tosoma mansoni infections at the time of infection with B. microti and
in mice infected with B. microti only (Exp. 3). A: B. microti only, B:
S. mansoni plus B. microti.

mansoni and the S. mansoni plus B. microti infected groups of
mice (Fig. 4C). The number of worm pairs recovered at the end
of the experiment in the S. mansoni infected group only and in
the S. mansoni plus B. microti infected group was 18 =6 and
15 = 4, respectively.
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DISCUSSION

The results from the present study show that primary patent
6 and 8 weeks old S. mansoni infections in mice may suppress a
superimposed B. microti infection and this finding is in line with
the demonstration by Fagbemi et al. (1985) of a Fasciola
hepatica induced suppression in mice of B. microti. The S. man-
soni induced suppression of B. microti results in a reduction in
both the percentage of erythrocytes parasitized and in the fre-
quency of multiple B. microti infections per parasitized red cell.
A corresponding alleviation/annulment of the B. microti induced
reductions in haemoglobin and haematocrit and of the contribu-
tion of B. microti to the rate of the erythropoesis in S. mansoni
infected mice was likewise demonstrated.

The suppression of Plasmodium chabaudi in mice harbouring
primary patent S. mansoni infections (Lwin et al. 1982) and
of B. microti in F. hepatica infected mice (Fagbemi et al.
1985) was tentatively suggested to be at least partly due to the
altered red cell age profile (i.e. an increased ratio of young to
mature red cells) in combination with the reported preference
of P. chabaudi and many Babesia species for mature red cells
(Simons 1939, Landsberg & Eskridge 1940, McHardy 1973, Hus-
sein 1976, Lwin et al. 1982). In the present study a marked change
in the erythrocyte kinetics and age profile was observed in the
mice harbouring patent S. mansoni infections at the time of in-
fection with B. microti and the possibility exists that the sup-
pression may be at least partly due to the blood environment
being less favourable for the survival and reproduction of the
protozoan. However, preliminary studies by Andersen et al.
(Andersen, personal communication) have provided strong
evidence for a suppression of B. microti in short term in vitro
cultures by cell populations harvested from the intraperitoneal
cavity of mice harbouring patent S. mansoni infections in the
presence of serum from B. microti infected mice, and this sug-
gests that immunological factors may be involved in the sup-
pression of B. microti by S. mansoni in vivo as shown in the
present study. Other findings in line with this concept are the
possible participation of non-specific immunological factors in
the suppression of P. berghei in Trichinella spiralis infected mice
(Ngwenya 1982) and the commonly demonstrated and by non-
specific immunological factors mediated suppression of Plas-
modium sp. and Babesia sp. by rickettsia, viruses and other pro-
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tozoan species (see review by Cox 1975). The spleen is considered
to play an important role in the regulation of Babesia sp. infec-
tions (Schroeder et al. 1966, Todorovic et al. 1967, Phillips 1969,
Roberts et al. 1972) and since there is a marked splenomegaly
in mice harbouring patent S. mansoni infections (Mahmoud &
Woodruff 1972) being partly due to hyperplasia of the reticulo-
endothelial cells and lymphoid follicles (WHO 1974) it would
be worthwhile to study the possible involvement of especially
this organ in the suppression of B. microti in S. mansoni infected
mice.

Experimental studies like the present using rodent models
may provide valuable information about the presence and the
nature of possible heterologous interactions of either antagonistic
or synergistic nature arising as a consequence of concurrent in-
fections with more parasite species. Such concurrent infections
are widespread in domestic stock animals and man, and studies
of the present type should be extended to domestic stock animals
and appropriate primate models using relevant parasite combina-
tions in order to elucidate the possible presence and consequen-
ces of such interactions in natural host-parasite relationships.
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SAMMENDRAG

Suppression af Babesia microti infektion hos mus med samtidig
infektion med Schistosoma mansoni.

Babesia microti parasitemien og haematologiske forandringer
blev undersggt hos henholdsvis mus med samtidig infektion med
Schistosoma mansoni og hos kontrolmus uden schistosominfektion.
B. microti parasitemien blev suppreret i betydelig grad hos mus der
var blevet inficerede med S. mansoni 6 og 8 uger tidligere. Denne sup-
pression blev ledsaget af en reduktion/ophevelse af den af B. microti
forarsagede reduktion i heemoglobin og hematokrit niveauerne og af
B. microti’s bidrag til erythropoesens stgrrelse. Den suppressive effekt
af patente S. mansoni infektioner pa B. microti formodes i det mindste
delvis at veere forarsaget af non-specifikke immunologiske faktorer,
men den af schistosominfektionen forirsagede sendring i erythrocyt-
omsatningen sammenholdt med B. microti’s preeference for mature
(gamle) erythrocytter kan muligvis ogsd veere en medvirkende arsag
til suppressionen. I mus, der var blevet inficerede med S. mansoni 2
uger fgr infektionen med B. microti, forekom der ingen suppression af
protozoinfektionen.
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