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Abstract We previously demonstrated that mice sub-
jected to a hypoproteinic diet showed milder chronic
lesions on infection with Schistosoma mansoni than
normally fed mice. Here we compare the immune re-
sponse of well-nourished and undernourished mice with
chronic S. mansoni infection. The proliferative response
and cytokine (IFN-c and IL-5) production of spleno-
cytes from undernourished mice against the soluble egg
antigen (SEA) of S. mansoni or concanavalin A was
similar to that of well-nourished mice. The levels of
SEA-specific IgG1, IgG2b and IgG3 antibodies were
significantly higher in the sera of well-nourished mice in
comparison with undernourished mice. Undernourished
animals also exhibited diminished periovular granuloma
size compared to well-nourished infected controls. Our
results support the importance of host nutritional status
in the humoral immune response of mice and its effects
on the development of periovular granulomas in mal-
nourished animals infected with S. mansoni.

Introduction

Schistosomiasis mansoni is an important world health
problem, especially in developing countries, where it is
usually associated with an impaired nutritional status.
The severe form of the disease (hepatosplenic form) re-
sults from the immuno-inflammatory response against

schistosome eggs deposited in the intrahepatic periportal
veins, causing the development of periportal fibrosis and
liver malfunction (Warren 1966). Although Schistosoma
mansoni infection aggravates the nutritional status in
human beings, the pathological manifestations of
schistosomiasis in undernourished individuals appear
less severe than in well-nourished patients (Coutinho
et al. 1972, 1997a).

An experimental model to induce malnutrition in
mice infected with S. mansoni has been developed in our
laboratory by feeding Swiss Webster mice with a hypo-
proteinic diet, referred to as the ‘‘regional basic diet’’
(RBD) which is related to the food habits of poor in-
come people residing in an endemic area of north-east-
ern Brazil (Coutinho 1980; Coutinho et al. 1997b). In
this situation, undernourished mice develop smaller
periovular granulomas but not the periportal fibrosis
observed in about 40% of well-nourished infected con-
trols (Andrade and Cheever 1993; Coutinho et al.
1997b).

Fibrosis development is the result of a balance be-
tween collagen deposition and its degradation by cata-
lytic enzymes (Burt 1993). These phenomena are
regulated by immune responses through the production
of soluble mediators which affect different cell types,
stimulating or inhibiting both the production of collagen
and of collagenases. In S. mansoni infection, modulation
of granuloma formation and collagen deposition are
associated with a Th2 response stimulated by the pro-
duction of schistosome egg antigens (Andrade and
Warren 1964; Wynn and Cheever 1995). The treatment
of S. mansoni-infected mice with interferon (IFN-c)
causes a decrease in granuloma size and fibrosis depo-
sition (Czaja et al. 1989). Since immune responses are
usually depressed in undernourished individuals
(Machado 1983; Chandra 1997), this paper deals with
the importance of the host’s nutritional status on the
immune response to schistosome antigens in under-
nourished mice chronically infected with S. mansoni, and
its influence on the development of periovular granulo-
mas and hepatic fibrosis in these animals.
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Materials and methods

Animals

Three-week-old Swiss Webster mice (male and female) were raised
and maintained at the animal facilities of the Aggeu Magalhães
Research Center Oswaldo Cruz Foundation (Recife, Brazil). Mice
were submitted to a deficient diet (RBD) planned to simulate the one
usually ingested by low income people in north-eastern Brazil
(Coutinho et al. 1997b), with 8% protein and 3.15 kcal/g. Control
mice (the well-nourished groups) were fed a balanced, commercial
mouse chow (Nuvital Nutrients, Colombo, Parana, Brazil), con-
taining 22%protein and 3.69 kcal/g. Diets were given in pellet form.

Experimental infection

Mice were submitted to percutaneous infection with 30 recently
shed S. mansoni cercariae obtained from laboratory-raised Biom-
phalaria glabrata snails (Belo Horizonte strain). The animals were
distributed into the following groups: group 1, undernourished (U);
group 2, infected, undernourished (UI); group 3, well-nourished
(W); group 4, infected, well-nourished (WI).

Animals were fed their respective diet from 30 days before
infection to the end of the experiment. Infection was confirmed in
each mouse by the detection of S. mansoni eggs in the feces 50 days
after cercarial exposure.

SEA preparation

To obtain S. mansoni eggs, Swiss Webster mice were infected with
100 S. mansoni cercariae of the Feira de Santana strain. Mice were
killed 7–8 weeks after infection, and the livers were homogenized in
1.7% saline solution. The homogenate was then filtered and cen-
trifuged at 1,300 rpm at 4�C. After purification in a percoll gra-
dient, the eggs were homogenized using a Potter homogenizer and
submitted to four cycles of freezing and thawing. The suspension
was then centrifuged at 1,400 rpm at 4�C. The aqueous fraction
was collected, sterilized in a gamma-ray irradiator (64,000 rad) and
the protein concentration determined by a fluorescent protein assay
(Stein et al. 1973).

Parasitologic and histopathologic studies

The mice were killed 16 weeks after infection. The livers were re-
moved and weighed and pieces of the livers were placed into 4%
potassium hydroxide for egg counting (Cheever 1970). Samples of
liver tissue were fixed in Bouin’s fixative and/or Millonig formol for
histopathologic studies. After paraffin embedding, 5-lm-thick
sections were stained with hematoxylin/eosin or using the picrosi-
rius-red method for collagen (Junqueira et al. 1979).

Morphometric studies

Randomly sampled 5 lm-thick liver sections stained with picrosi-
rius red were examined by semiautomatic morphometry using the
Q500MC Image Processing and Analysis System (Leica, Cam-
bridge, England). A total sectional area 1.34·106 lm2 per animal
was evaluated by examining all periovular granulomas present in
the section. The following granuloma parameters were calculated:
size, volume, volume density and numerical density. The granu-
loma volume density was calculated as the quotient of the total
granuloma profile area to the total sectional area studied per ani-
mal. The number of granulomas per unit volume of liver was as-
sessed by applying Weibel’s formula (Weibel 1969). The sectional
area of the fibrous tissue, red stained, was directly measured and
calculated as a percentage of the total area examined.

Collagen assessment

The method of Bergman and Loxley (1963) was used to determine
collagen concentration by the measurement of hydroxyproline
content. Briefly, after fixation in neutral 10% formalin a liver
fragment of 100–250 mg were hydrolyzed for 18 h in hydrochloric
acid (6 N) at 110�C, neutralized in NaOH (10 N) and HCl (3 N).
Samples of 100 ll were treated in a mixture of chloramine T and
Ehrlich’s reagent and read at 558 nm in a Hitachi 200 spectro-
photometer (Hitachi, Tokyo, Japan).

Spleen cells culture

Single cell suspensions were prepared from spleens aseptically re-
moved from mice of the four experimental groups. Spleen cell
suspensions were prepared in RPMI medium (Life Technologies,
GIBCO-BRL, Gaithersburg, Md.) supplemented with 10% FCS
(Hyclone, Logan, Utah), L-glutamine (2 mM), vitamins, sodium
pyruvate (1 mM), Hepes (10 mM), 5·10-5 M of 2-mercaptoetha-
nol, and gentamycin (50 lg/ml; Sigma). For cytokine determina-
tions, spleen cells were cultured in 24-well plates and stimulated
with 1 lg/ml concanavalin A (ConA, Sigma) or S. mansoni egg
antigen (SEA) (10 lg/ml). Cell-free supernatants were collected
after 72 h of incubation and stored at )20�C for cytokine analysis.
To evaluate the proliferative response, splenocytes were plated in
96-well plates at 4·105/well in a final volume of200 ll, and tripli-
cate wells were stimulated with ConA or SEA for 72 h, as described
in the figure legends. After pulsing with 1 lCi of [methyl-3H] thy-
midine (Amersham, Little Chalfont, England) for 12 h, prolifera-
tion was assessed by the measurement of 3H thymidine uptake in a
b-plate counter (Packard, Meriden, Conn.).

Cytokine and antibody determinations

Levels of IFN-c, IL-5 and IL-4 in culture supernatants were
determined by sandwich ELISA, using antibody pairs and re-
combinant cytokines from PharMingen, following the manufac-
turer’s instructions, followed by streptavidin-peroxidase (Sigma).
Reaction was developed using the 3,3¢, 5,5¢-tetramethylbenzidine
(TMB) peroxidase substrate (Kinkergaard and Perry Laboratories,
Gaithersburg, Md.) and read at 450 nm. Anti-SEA isotype pro-
duction was evaluated by ELISA using microtiter plates (Nunc
MaxiSorp plates) coated overnight at 4�C with 3 lg/ml SEA in
0.02 M sodium carbonate pH 9.6. After incubation for 2 h at room
temperature with sera from different experimental groups, bioti-
nylated isotype-specific anti-mouse IgG1, IgG2a, IgG2b or IgG3
antibodies (PharMingem) were added for 45 min, followed by
streptavidin-peroxidase conjugate for 30 min (Sigma). Reaction
was developed using TMB substrate, as described above.

Statistical analyses

Data were analyzed using Student’s t-test or the Kruskal-Wallis
non-parametric test, as indicated in the text. Differences were
considered significant when P<0.05. The analyses had been carried
through with the aid of Software Prism 3.0, (Graph Pad Software,
San Diego, Calif.).

Results

Infection of undernourished and well-nourished mice

The average weekly protein intake of infected under-
nourished mice was significantly smaller than that of
infected well-nourished mice (mean±SE UI: 1.49±0.10;
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WI: 6.93±0.44, P<0.001). The caloric intake of mice
submitted to the hypoproteinic diet was also smaller
than of well-nourished mice (UI: 58.55±4.04; WI:
116.18±7.43, P<0.0001). Well-nourished infected mice
had egg numbers/g of liver similar to those of under-
nourished infected mice (UI: 4.01; WI: 6.36 geometric
means. P>0.05).

Egg granulomas and liver fibrosis development

Liver sections of undernourished mice had smaller egg
granulomas than those observed in liver sections of well-
nourished animals 4 months after S. mansoni infection
(Table 1, Fig. 1). When morphometric measurements
were made for granuloma volume, the values for the
well-nourished infected group were greater than those
for the undernourished infected group (Table 1,
P=0.04). However, when numerical density (Nn) was
considered, the values for the undernourished infected
group were greater than those for the well-nourished
infected group (P=0.02). In terms of volume density
(Vv), which means the total volume occupied by the
granulomas within a given unit of volume, the values for
the well-nourished infected group were greater than for
the undernourished infected group, but the difference
was not significant (P=0.061). S. mansoni infection
caused an increase in the collagen content in the livers of
undernourished and well-nourished mice (Fig. 2).

Table 1 Morphometric study in livers of undernourished and well-
nourished Schistosoma mansoni-infected mice. UI Undernourished
infected mice, WI well-nourished infected mice. Numbers represent
means±SD of nine mice per group

UI WI

Granuloma
Volume (lm3) 878,686.4±287,800.7 1,148,014.0±473,258.4
Volume density 0.187±0.035 0.204±0.033
Numerical density
(1/mm)4)

39.28±14.80 28.36±4.65

Fibrosis (%) 20.47±7.13 26.88±9.27

Fig. 1A–F Periovular
schistosomal granulomas in
liver sections of mice 4 months
after Schistosoma mansoni
infection. A, C, E Liver section
of an undernourished mouse
showing small, periovular
granulomas sparsely distributed
throughout the hepatic
parenchyma. B, D, F Liver
section of a well-nourished
mouse showing several
granulomas, with dense
collagen deposition. Picrosirius
red in bright field (A, B, E, F)
and polarization (C, D). A–D
100·; E, F 200·
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However, the undernourished infected mice had signifi-
cantly less liver collagen than the well-nourished ones
(Fig. 2, P<0.001).

Lymphoproliferative response in S. mansoni-infected
mice

In order to investigate a possible contribution of the
immune responses of infected mice to the development
of fibrosis in schistosomiasis mansoni, the lymphopro-
liferative responses of mice from different groups were
compared 4 months after S. mansoni infection (Fig. 3).
Spleen cells from infected mice of the undernourished
and well-nourished groups had similar proliferative re-
sponses to ConA when compared to uninfected mice
(Fig. 3a). The proliferation index of the spleen cells of
undernourished infected mice stimulated in vitro with
ConA was also similar to that of well-nourished infected
mice (Fig. 1a). In the four experimental groups, the
proliferative responses of splenocytes to SEA were low,
and the differences observed were not significant
(Fig. 3b).

Cytokine production by spleen cells after S. mansoni
infection

The production of Th1 (IFN-c) and Th2 (IL-4 and IL-5)
cytokines was evaluated 4 months after S. mansoni
infection. Spleen cells from both undernourished and
well-nourished infected mice produced low levels of
IFN-c on stimulation with ConA and undetectable levels
of this cytokine on stimulation with SEA (Table 2). The
IL-5 levels produced by the spleen cells from under-
nourished and well-nourished infected mice after ConA
and SEA stimulation were also similar (Table 2). IL-4

production was not detected in cell cultures from mice in
any experimental group.

SEA-specific antibodies

At 4 months after S. mansoni infection, the isotype
profile of undernourished and well-nourished infected
mice was investigated. The levels of SEA-specific IgG1,
IgG2a, IgG2b and IgG3 antibodies detected in the ser-
um of undernourished infected mice were two- to four-
fold lower than those of the well-nourished infected
controls (Fig. 4; P<0.05). IgG1 and IgG3 were the

Fig. 2 Quantification of hydroxyproline in the livers of well-
nourished and undernourished mice. Undernourished infected
(UI) or uninfected (U) mice and well-nourished infected (WI) or
uninfected (W) mice were killed 4 months after S. mansoni
infection. The collagen content in the livers of mice from the
different experimental groups was estimated by measurement of
hydroxyproline. The results show the mean±SD of seven to eight
mice per group. * P<0.005 when compared to uninfected groups

Fig. 3A, B Comparison of the lymphoproliferative response of
spleen cells from S. mansoni infected mice. Spleen cells from
undernourished infected (UI) or uninfected (U) mice and well-
nourished infected (WI) or uninfected (W) mice were obtained
4 months after S. mansoni infection. Splenocytes were stimulated in
vitro with ConA (A) or SEA (B). Lymphoproliferation was
assessed by the measurement [3H] TdR uptake after 72 h of cell
culture. The stimulation indices of spleen cell cultures from
individual mice (eight per group) were calculated by the ratio
between stimulated and non-stimulated wells

Table 2 Cytokine production by spleen cells in undernourished
and well-nourished S. mansoni infected mice. UI Undernourished
infected mice, WI well-nourished infected mice. Numbers represent
means±SD of individual cultures of 7–8 mice per group (pg/ml)

Medium ConA SEA

Cytokine UI WI UI WI UI WI

IFN-c ND 22 102±107 72±58 ND ND
IL-5 ND ND 390±180 304±157 30±25 40±27
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predominant IgG isotypes present in the sera of mice
from both experimental groups (Fig. 4).

Discussion

According to previous investigators, both cellular and
humoral immune responses may be affected by the host’s
nutritional state (Cunningham-Rundles 1982; Beisel
1987; Chandra 1999). The results presented here show
that undernourished infected mice have similar prolif-
erative and cytokine responses to well-nourished in-
fected animals, but produce antibody levels significantly
lower than those of the well-nourished infected controls.
This type of immune response is associated with a less
severe pathology in undernourished mice (granulomas
reduced in number and size) when compared to controls.

In the present work, morphometric analyses showed
similar results to those obtained previously by our group
(Coutinho et al. 1997b), except for the numerical density
of the granulomas, which reached only marginal differ-
ences (P=0.061) between the group means. Since Nn is
influenced not only by Vv, but also by the number of
profiles, shape and distribution of the granulomas, it is
possible that in this work the smaller tissue compart-
ment evaluated could have influenced the results.

In a study carried out by Ghanem et al. (1987), pa-
tients with the hepatoesplenic clinical form of schisto-
somiasis had an increased production in the IgG
synthesis and higher levels of circulating immune com-
plexes. The demonstration of IgG deposits in the Disse’s
spaces in liver sections of patients with advanced Sym-
mers’ fibrosis caused by S. mansoni infection (Grimaud
et al. 1977) suggests that a greater production of SEA-
specific IgG antibodies contributes to the aggravation of
the pathological process. Thus, it is possible that the
higher levels of antibodies found in infected well-nour-
ished mice contribute to a higher collagen deposition in

the liver sections observed in these mice, in comparison
with undernourished animals.

The low antibody responses in undernourished in-
fected mice could be related to a lower antigenic load
compared to that of well-nourished infected mice.
Undernourished and well-nourished mice have similar
numbers and sex ratios of worms (unpublished results).
However, worms recovered from undernourished in-
fected mice show morphological changes in their inter-
nal and external structures and exhibit a low fecundity
when compared to parasites recovered from well-nour-
ished hosts (Neves et al. 2001; Oliveira et al. 2003). In
low-protein fed mice, the low fecundity detected in these
parasites probably affects the production of eggs and of
periovular granulomas, as well as the progression to li-
ver periportal fibrosis (Coutinho et al. 1997b). Although
it is not possible to predict the magnitude of the anti-
genic stimulus, the fact that the egg number per gram of
tissue was similar between the two infected groups sug-
gests that antigenic load per body mass was similar.

The proliferative response of spleen cells obtained
from well-nourished and undernourished mice to SEA
was low. Similarly, the levels of IFN-c were low or
undetectable upon stimulation with ConA or SEA.
These findings are in agreement with data in the litera-
ture showing the suppression of IFN-c, an antifibrosant
cytokine, and the proliferative responses in chronic
S. mansoni infection (Cheever et al. 2000; Fallon 2000).
It is likely that the modulation of the immune response
may induce alterations in the size, shape and composi-
tion of periovular granulomas (Andrade and Warren
1964). Concomitantly, the fibrotic reaction in the liver is
accelerated by an increase in collagen deposition
(Grimaud et al. 1977) and linked to a Th2 response
(Yamashita and Boros 1992; Cheever et al. 1994;
Chiramonte et al. 1999).

It is well known that malnutrition has several effects
on mechanisms of repair, such as decreased fibroblast
proliferation, collagen and albumin production and
wound remodeling (Mora 1999). Recent data from our
laboratories suggest that the host’s nutritional status
plays a role in connective tissue changes in hepatic
schistosomiasis in mice (Coutinho et al. 2004). There-
fore, the decreased fibrosis observed here in under-
nourished infected mice may result from an impaired
repair mechanism, a lower antigen load or low antibody
production due to low protein synthesis in a low-protein
diet host.

The finding that undernourished mice develop less
severe disease after S. mansoni infection may seem par-
adoxical if one takes into account that undernourished
infected hosts usually present higher susceptibility to
other pathogens. However, in the case of S. mansoni
infection, the parasites do not multiply in the host and
the pathology results from the immune response against
egg antigens, which may be depressed in situations of
low protein intake. The mechanisms by which malnu-
trition affects the pathology resulting from S. mansoni
infection remain to be determined.

Fig. 4 Titers of SEA-specific antibodies in S. mansoni infected
mice. Sera from infected mice fed a low-protein (UI) or a balanced
(WI) diet were obtained 4 months after infection. Titers of IgG1,
IgG2a, IgG2b or IgG3 anti-SEA antibodies were determined by
ELISA. Data represent the mean±SD of seven to eight mice per
group. * P<0.005
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