
143Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 97(Suppl. I): 143-147, 2002

Parasitological Characteristics of Schistosoma mansoni Infection
in Swiss Mice with Underlying Malnutrition
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The effects of a protein-restricted diet (8% protein, 81% carbohydrate and 11% lipids) on Schistosoma mansoni
infectivity, fecal egg excretion and intestinal egg distribution in Swiss (SW) mice were studied. Pregnant mice
received a deficient diet from the middle of gestation until delivery. Seven-days-old mice were exposed to 50 cer-
cariae (BH strain, Brazil). Offspring mice had a free access to the deficient diet since lactation until adulthood. The
controls were fed with a commercial mice diet. A parasitological examination was performed between six and eight
weeks post-infection while both groups were necropsied one week later.  Mice on the experimental diet showed a
significant loss in body weight. There was no significant difference (p > 0.05) in pre-patent period, kinetics of egg
excretion and worm recovery from mice on either diet. Significant differences (p < 0.05) were found concerning to
the percentage of deposited eggs in the distal segment of the small intestine from hosts on the experimental diet.

Our data suggest that experimental malnutrition induced for a long term has no detrimental effect on the acute
schistosomiais infection in SW mice.
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Malnutrition is the most prevalent form of nutritional
disorder among children in developing countries. Protein
malnutrition often occurs during gestation, lactation, and
up to 2 years of life in humans. Besides the economic
factors, the nutritional habits and lack of nutritional guid-
ance lead to a prevalence of this type of malnutrition dur-
ing gestation, lactation (or both) in developing countries
(Desai et al. 1980, Onis et al. 1993).  Some studies have
shown that protein malnutrition during lactation is asso-
ciated with thyroid dysfunction in the dams and that the
mother’s nutrition during lactation can determine the body
weight of their offspring in adult life (Passos et al. 2002).

Schistosomiasis mansoni and malnutrition are often
overlapping mainly in Northeast Brazil (Coutinho et al.
1997a). Malnutrition has been considered as a factor able
to modify the host-parasite-environment system, aggra-
vating the course of schistosomiasis by breaking the equi-
librium in the relationships among the components of this
system (Coutinho 1980). A deficient food blend with low
protein-content (regional basic diet) had a negative effect
on growth, food intake, reduced protein absorption and
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failed to develop hepatic periportal fibrosis in schistoso-
miasis mansoni-infected mice (Coutinho et al. 1997b).

Most experimental studies concerning host nutrition
and schistosomiasis mansoni demonstrate that malnutri-
tion impairs normal adult worm growth whereas worm
burden and egg production are reduced (Akpom 1982,
Magalhães et al. 1986, Oliveira et al. 2001, Neves et al.
2001). Thus, this study was designed to evaluate whether
acute schistosomiasis mansoni infection is changed in
SW mice, whose mothers received protein-restricted diet
and were maintained for a long-term under these condi-
tions.

MATERIALS AND METHODS

Dams Swiss (SW) mice were supplied by Centro de
Criação de Animais de Laboratório, Instituto Oswaldo Cruz
(Rio de Janeiro, Brazil). The rodents were housed in
polypropylene cages (40x33 cm) with stainless steel
screened covers. Pregnant mice received a protein-re-
stricted diet (8% protein, 81% carbohydrate and 11% lip-
ids) from the middle of gestation until delivery. During
lactation through adulthood, the offspring received free
access to a protein-restricted diet until they were 68-days-
old. A control (C) group received a balanced conventional
pellet diet for mice (Nuvilab CR-1-NUVITAL Nutrientes
Ltda., Colombo, Paraná, Brazil). Body weight was moni-
tored twice a week. All mice had a free access to water.
The experiments reported here comply with the current
laws regarding ethical procedures with investigated ani-
mals and were approved by the IBRAG Ethical Commit-
tee.

Forty-nine, five-days-old mice were each one percuta-
neously exposed to 50 cercariae (BH strain, Belo Horizonte,
Brazil). The cercariae were obtained from a reared-labora-
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tory Biomphalaria glabrata using artificial light.
For determining pre-patent period and kinetics of eggs

releasing in feces, from 38 days post-infection until 57
days, feces were collected twice a week from each mouse
individually. The feces were processed according to the
Kato-Katz technique (Katz et al. 1972) and two slides per
animal were inspected. The number of eggs detected in
each slide was multiplied by 24 and expressed as eggs/g/
feces.

Sixty-three days after cercarial exposure, all animals
were killed after cervical dislocation. Adult worms were
recovered from the portal system and mesenteric veins.
The gut was removed from mice for intestinal egg counts
(oogram). For that, the small intestine was opened length-
wise and divided into two equal sections named proximal
and distal segments. From each segment a sample (1 cm
long) was obtained. A same procedure was taken for co-
lon segment (Machado-Silva et al. 1991). All fragments
were crushed between two glass slides. The preparation
was analyzed under brightfield microscopy (100X). Eggs
were classified as described by Prata (1957). The result-
ant small intestine and colon were digested in 4% potas-
sium hidroxide at 56oC (Cheever 1968) and centrifuged
(2000 rpm) for 120 min. Five 100 µl aliquots of the digested
tissue were counted in a glass slide under brightfield mi-
croscopy (100X). The data are reported as means ± SEM
and analyzed by Student’s t test to determine which
groups were divergent. The level of significance was set
at p < 0.05.

RESULTS

The body weight was significantly (p < 0.05) lower in
malnourished mice than controls ones (Fig. 1). Eggs were
first found in the feces (pre-patent period) on day 43 post-
infection in both groups studied (Fig. 2). The kinetics of
fecal egg-output was characterized by an increasing in
the number of eggs with the duration of infection mainly
for the malnourished group. Even by days 43 and 48 few
eggs were found in controls mice. Between days 50 and
55, a high egg-elimination was observed in both experi-
mental groups. The number of eggs tended to decrease in
the last fecal examination (on day 57) in control group
whereas in malnourished mice seemed to reach a stable

phase with high egg-laying. Despite fecal egg counting
was higher in malnourished animals no significant differ-
ence was found (p > 0.05).

The tissue egg counts are given in Fig. 3. The propor-
tion of immature and mature live eggs was similar between
malnourished animals and controls (p > 0.05). A higher
number of immature eggs were found in both experimen-
tal groups.
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Fig. 1: body weight of mice non-infected control (NI C), non-
infected malnourished (NI M), infected control (I C) and infected
malnourished (I M) from day 4 to day 60. * p < 0.05 NI M vs NI C,
I C; and I M vs I C, NI C; # p < 0.001 NI M vs NI C, I C; and I M vs
I C, NI C.
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Fig. 2: kinectics of Schistosoma mansoni egg-laying in feces by
means of Kato-Katz method of malnourished and controls Swiss
mice.
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Fig. 3: intestinal egg count (oogram) of different types of eggs (live
immature, dead immature and live mature) in the distal segment of
the small intestine in malnourished and controls Swiss mice.

The egg distribution is given in Fig. 4. Both groups
presented a greater percentage of eggs trapped in the
upper portion of the small intestine (proximal segment).
However, significant differences (p < 0.05) were found in
relation to the percentage of deposited eggs in the distal
segment. Similar amount of worms were recovered from
the mesenteric and portal veins of controls (21.5%) and
malnourished mice (24.3%). No difference was found in
the male/female sex-ratio (1:1).

DISCUSSION

The physiological relationship between S. mansoni
and its host is complex and the details of several bio-
chemical processes should still be determined (Neves et
al. 2001).   Contrary to convention, protein malnutrition
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did not affect its biological behavior since pre-patent pe-
riod, the rate of maturation of adult worms, mate-finding
and fecundity showed a similar behavior in both experi-
mental groups (Akpom 1982, Rocha 1982, Ferreira &
Coutinho 1999). Given that the biological characteristics
of the parasite were not affected due to malnourishment,
it is important to stress some questions concerning fac-
tors that may influence egg-laying. The first aspect is
based on the fact the migrating schistosomula possess
ability to take up nutrients from the host (Brito et al. 2002).
Hence, our results suggest malnutrition seem do not af-
fect them.

Another aspect is that a protein deficient diet (regional
basic diet) has a negative influence on the reproductive
system of male adult worms. Furthermore, tegument has
small thickness whereas tubercles is unevenly distributed,
but kept grouped and flat while at the subtegumental level
vacuolated areas were detected (Neves et al. 2001). Even
though adult worms have extensive morphological
changes, this is not enough to impair their reproductive
capacity. Previous study has demonstrated that schisto-
somes adapt themselves to disturbances in the microen-
vironment by producing dwarf worms, which are able to
mate and lay eggs (Wolowczuk et al. 1999). In addition,
pairing is thought to be a prerequisite for the migration
from the hepatic portal vein to the egg-laying site
(Southgate et al. 1998). Also this behavior was not af-
fected in malnourished mice because both experimental
groups had similar pre-patent period. To our knowledge,
for the first time pre-patent was evaluated in schistoso-
miasis mansoni-infected host with an underlying malnu-
trition. This way, our data ranged other publications us-
ing nourished mice (Anderson & Cheever 1972, Fallon et
al. 1997).

Everyone could speculate that malnourished male
worms could have a limitation for locomotory movements
since for this gender, the three major muscle system re-
sponsible for locomotory, alimentary and reproductive
tracts are essentials (Mair et al. 1998).  It is well estab-
lished that in well-fed mice, S. mansoni eggs are trapped
mainly in the small intestine (Nyndo & Farah 1999). In this
regard, about 50% of the eggs lodge in the distal segment

of the small intestine (Costa & Katz 1982, Machado-Silva
et al. 1991). Meanwhile, our results showed that malnour-
ished mice had a higher egg count in the proximal seg-
ment. Difference in the wandering capacity of malnour-
ished worms inside the portal system vessels could be
responsible for the observed results (Valadares et al. 1981).
On opposite, it seems that schistosomiasis infection in-
terferes with the process of intestinal protein absorption
by potentiating the negative effects of malnutrition
(Ferreira et al. 1993). It is particularly noticeable that di-
etary restriction induces morphological and physiologi-
cal changes on the digestive tract. Malnourished rats
subjected to prenatal dietary restriction had reduced body
and organ weights (small intestine and colon). The small
intestinal mucosa was hypotrophic with reduced mucosal
thickness, villus height and crypt depth. Specific activi-
ties of lactase, maltase, sucrase and ileal hydrolase were
decreased (Firmansyah et al. 1989, Chambon-Savanovitch
et al. 1999).

It is widely believed that female schistosomes are meta-
bolically more active than males (Tempone et al. 2002).
Inadequate intake of nutrients leads to cessation of schis-
tosome growth even though it is not clear how those fac-
tors interact with the parasite (Mendonça et al. 2000). In
contrast to male worms, protein malnutrition seems not
induce biometric alterations in uterine eggs studied in
females isolated from malnourished mice (Neves et al.
2002). Therefore, reduction in oviposition and produc-
tion of altered eggs may result in malnourished mice
(Akpom 1982, Rocha 1982). However, our data presented
here do not support these experimental studies showing
physiological changes on the parasite.

One previous study performed in malnourished mice
has shown that fewer eggs reached full maturity and more
dead immature eggs were found when malnutrition was
increased (Akpom 1978). In this present experiment, host
environmental changes caused by malnutrition have no
effect on the worm’s ability to produce viable eggs, or on
the development of the egg in the intestine tissue, in op-
position to schistosome infection in mice with underlying
experimental diabetes mellitus (Hulstijn et al. 2001).

Relatively few studies have examined the effects of
malnutrition on the immune response in the parasite-in-
fected host (Ing et al. 2000, Scott & Koshi 2000). Nutri-
ents have fundamental and regulatory influences on the
immune response of the gastro intestinal tract and, there-
fore, on host defense (Cunningham-Rundles & Lin 1998).
Egg excretion in the feces depends on the host immune
response and eosinophils favor the passage of schisto-
somal eggs to the intestinal lumen (Lenzi et al. 1987). Thus,
mice deprived of their T-cells have fewer eggs in their
feces (Doenhoff et al. 1978). Despite protein deficiency
interferes with the immune status of the host (Fergunson
1994, Coutinho et al. 1997b), no significant change related
to fecal egg excretion was found between both experi-
mental groups. We are currently investing the histopatho-
logic and morphometric characteristics of intestinal granu-
lomas from these groups.

Apparently the host environmental changes caused
by malnutrition have either an effect on the worm’s ability
to produce viable eggs, or on the development of the egg
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Fig. 4: Schistosoma mansoni egg distribution in the small (proxi-
mal and distal segments) and large intestine (cecum) of malnour-
ished and controls Swiss mice.
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in the intestine tissue. The kinetics of fecal egg-output in
both experimental groups were similar to other studies
indicating an initial phase with low egg-shedding, another
with increasing in the egg-laying and a later decreasing
(Rocha et al. 1995, Ribeiro-Paes & Rodrigues 1997, Thiongo
et al. 1997). These data suggest that the egg passage
through the intestine tissue was not hampered and its
maturation did not seem to be affected. In malnourished
mice fewer eggs reached full maturity and more dead im-
mature eggs were found when malnutrition was increased
during chronic infection (Akpom 1978).

In summary, our results demonstrated that protein
malnutrition did not impair the biological behavior of S.
mansoni adult worms. Most authors have studied an in-
terrelationship between schistosomiasis mansoni and pro-
tein malnutrition over the post-weaning period (Akpom
1982, Magalhães et al. 1986, Coutinho et al 1992). In our
study model, mice received free access to a protein-re-
stricted diet throughout the experiment. It is probable that
not only the host but the parasite also develop a certain
degree of physiological adaptation to survive in a pro-
tein-deficient environment (Ing et al. 2000).
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