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Abstract

Due to the different parasitological patterns found between sexes in human
populations and in different biological models during Schistosoma mansoni
infection, we proposed to investigate such differences using Holochilus sci-
ureus rodent, besides confirming whether this rodent is suitable for experi-
mental infections. In this sense, males and females of H. sciureus were in-
fected with 200 cercariae from a human strain of S. mansoni. The number of
eggs per gram of feces (epg) and the worms were quantified, besides histopa-
thological analysis. Thus, it was shown that females have fewer epg, as well as
a longer prepatent period. On the other hand, males had a lower recovery rate
of adult worms. The histopathological analysis did not show differences be-
tween the sexes. Thus, we suggest that infection in H. sciureus females pro-
vides a favorable environment for the development of adult worms, despite
impairing the parasite fecundity. In addition, H. sciureus may be an excellent
biological model for S. mansoni experimental infections.
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1. Introduction

Schistosomiasis is a serious endemic parasitic disease caused by trematodes of
the genus Schistosoma. It is distributed in 78 countries around the world and af-

fects 200 - 250 million people [1] [2] [3]. In Brazil, prevalence data from this
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disease show around 2.5 and 8 million of infected people [4] [5]. One of the pe-
culiarities presented in the epidemiology of schistosomiasis in Brazil is the pres-
ence of wild rodents with semi-aquatic habits (mainly Holochilus sciureus and
Nectomys squamipes) naturally parasitized by S. mansoni [6] [7].

Studies suggest that these rodents are able to maintain the parasite’s life cycle
in the absence of the humans [7] [8]. Due to the fact that some murine models
used in experimental infections have limitations in mimicking human disease
[9], these wild reservoirs are suggested as suitable biological models [10].

Interestingly when the rodent Holochilus brasiliensis was used in S. mansoni
experimental infections with a wild strain, females showed less severe hepatic le-
sions, when compared with male rodents [11]. In this sense, several studies with
human population and murine models describe that there is a clear relationship
between sex and susceptibility/resistance in relation to different infections, and
there is a general consensus that males are more susceptible than females re-
garding viral, bacterial, parasitic and fungal infections [12].

In order to elucidate the relationship between sex and the susceptibili-
ty/resistance to S. mansoni infection, the use of H. sciureus as an experimental
model is valuable to the understanding of differences also found in human pop-
ulations infected by this parasite. For this purpose, characterisation of parasito-
logical and histopathological features during S. mansoni experimental infections

in male and female H. sciureus will be described hereafter.

2. Material and Methods

2.1. Animals and Experimental Infection

H. sciureus with 3 month-old were obtained from the Central Animal Facility of
State University of Maranhao (UEMA), where the specimens have been reared
for at least 5 generations. The lineage was started in captivity from specimens
collected in the municipality of Sdo Bento, Maranhdo State, with SISBIO autho-
rization (No. 40025/1 and registry 543545).

For the experimental infection, a human strain of S. mansoni from Sdo Luis
city, Maranhdo State was used. It has been maintained in successive passages
through Biomphalaria glabrata mollusks and Balb/c mice at the Laboratory of
Human Parasitology, Department of Chemistry and Biology (UEMA).

The cercariae were harvested from infected B. glabrata, washed, counted, and
injected subcutaneously into each rodent (200 per rodent) as previously de-
scribed by Pellegrino and Macedo [13]. In the same experimental replicate, all
groups were injected with the same cercaria suspension. Mortality rate during
the infection period, which lasted nine weeks, was measured. For parasitological
analysis, a total of 8 animals of each sex were used in each of the three indepen-
dent experiments. For histopathological analysis, this number was reduced to 2
animals of each sex, also in triplicate. Following manipulation, animals were
kept individually in polypropylene cages in rooms at 28°C + 2°C and about 70%

relative humidity. Water and food were given ad /ibitum.
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The research was approved by the Council of Ethics and Animal Experimen-
tation of the State University of Maranhdo (No. 04/2014).

2.2. S. mansoni Parasite Burden

After 30 days post-infection, once a week, until the time of euthanasia, the feces
of each animal were collected for preparation of three Kato-Katz slides, in order
to quantify the number of eggs [14].

The animals were euthanised with overdose of intraperitoneal injection with
ketamine 5% and xylazine hydrochloride 2% [15]. The circulatory system of
each rodent from the experimental group was perfused with an isotonic saline
solution containing 1000 IU/L of heparin after eight weeks of S. mansoni infec-
tion, as previously described by Pellegrino and Siqueira [16]. Worms recovered
from each infected rodent were counted with the aid of a stereomicroscope.

Male and female worms were morphologically identified and counted [17].

2.3. Histopathologic Evaluation

The right lobes from livers from not perfused infected H. sciureus were readily
immersed in 4% formaldehyde prepared in phosphate-buffered saline (PBS) and
incubated at room temperature for 18 h. The tissue samples were then washed,
transferred into 70% ethanol and embedded in paraffin. Five-micrometer-thick
sections were stained with hematoxylin and eosin (H&E) to evaluate the in-
flammatory infiltration [18]. The severity of these lesions was classified qualita-
tively as mild, moderate and intense, according to the characteristics proposed

by Silva-Souza and Vasconcelos [11].

2.4. Statistical Analysis

All the data were initially analyzed with the Shapiro-Wilk test. To compare the
mean values, Student’s t-test was carried out. The results were considered signif-
icant when the p-value was <0.05. The data were analyzed, and the graphs
created using GraphPad-Prism 6 software (Prism Software, Irvine, California,
USA).

3. Results

Our data showed that there was no mortality of the infected animals. In addi-
tion, approximately 90% of males were eliminating eggs in feces, compared to
80% of females. It was also observed that male rodents had a shorter prepatent
period, from 43 to 45 days post-infection (6th week), than females (50 to 53 days
post-infection/7th week) (Figure 1(A)).

It was observed that female rodents eliminated on average 47.63 + 41.37 epg
while males eliminated 80.25 + 65.86 epg. Even though these data was not statis-
tically significant, when analyzed on a weekly basis, it was verified that from the
7th week post-infection, females showed a lower elimination rate of S. mansoni

eggs when compared to males rodents (Figure 1(A)).
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Figure 1. Comparative description of the parasitic burden between male and female H.
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sciureus experimentally infected with human S. mansoni strain. (A) Quantification of
eggs in feces during nine weeks post-infection. (B) Number of worms (males and females)
collected from the porta-hepatic system of male and female rodents. The means (with Std.
Error) were compared by Student’s t-test. Symbols: (#) statistically different when com-
paring the same group and (*) between different groups (males vs. females).

Contradictorily, we demonstrated that the number of worms (males and fe-
males) was lower in male than in female rodents. In general, female worms were
found in fewer numbers than male worms, for both rodents sexes (Figure 1(B)).
The worm recovery rate was 56.12% for male and 73.18% for female rodents.

Although we demonstrated differences in the parasitological profile between
males and females, we found similar patterns of hepatic lesions (mild to mod-
erate), with a large amount of granulomas distributed throughout the tissue,
with intense inflammatory infiltrate (mainly by the presence of eosinophils) and
disorganized deposition of extracellular matrix (Figure 2(A) and Figure 2(B)).
Occasionally adult parasites were also found (Figure 2(C) and Figure 2(D)).
Next we demonstrate the variety of hepatic lesions found in H. sciureus, regard-

less of sex.

4. Discussion

In experimental studies using S. mansoni infection, the choice of biological
model and parasite strain to be used must be well through, depending on the

aim to be achieved by the research, since there may be differences in the rate of
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Figure 2. Photomicrography of the hepatic parenchyma of H. sciureus experimentally
infected with human S. mansoni strain. (A) and (B) Presence of a typical granulomatous
reaction around the S. mansoni egg (400x). (C) and (D) Presence of adult parasites in
intrahepatic branches (100x). Tissue fragments were stained with eosin and haematox-
ylin.

recovery and fecundity of adult worms and consequently different immunopa-
thological profiles during infection [19] [20] [21] [22] [23]. However, few studies
also analyze the animal model sex as a determinant factor in the evolution of .
mansoni infection.

In human populations, studies report that men present a higher prevalence for
S. mansoni than women, with the justification that social behavior favors men to
have a greater exposure to environments with a higher risk of infection due to
leisure or occupational activities, such as bathing, fishing and sports [24] [25].
Nevertheless, social behavior is not sufficient to explain gender-related differ-
ences in infection, because women in several endemic regions are involved in
similarly risky activities such as doing laundry in rivers [26].

We also emphasize that a lower prevalence of schistosomiasis in women may
be due to a lower number of eggs eliminated in feces, as observed in H. sciureus
females in our study, which would decrease the sensitivity of diagnostic tests.
However, this has yet to be further investigated.

Studies in experimental models have shown that females of CBA/] mice expe-
rimentally infected with S. mansoni from Puerto Rico strain showed a higher
susceptibility to infection, with a higher rate of recovery of adult worms than
male mice, but hepatic lesions were similar for both sexes [27]. Although this
study uses a different experimental model from ours, these data together may
suggest that not only the infection with S. mansoni strains from Brazil leads to

sex-related differences in parasitological patterns.
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On the other hand, it is necessary to consider the changes in pathological fea-
tures induced by different strains from the same region. Silva-Souza and Vas-
concelos [11], using H. brasiliensis as an experimental model of S. mansoni in-
fection (from Brazil wild strain), found differences in hepatic pathology between
sexes, in which females presented less severe lesions. This differs from our data
from a human strain from Brazil.

Additionally, when analyzing data obtained with experimental infections with
S. mansoni from the Egypt strain in different experimental models of both sexes,
it was possible to verify that in two experiments with female hamsters (Mesocri-
cetus auratus), a rate of 52.31% worms was recovered (males and females) [28].
Opposite to this, in male Balb/c and C57 mice, a worm recovery rate of 5.4% and
25% was observed, respectively [29]. Still, when a S. mansoni from the Kenya
strain was used to infect three female baboons (Papio anubis), one of the expe-
riments demonstrated a high success rate in the recovery of adult worms (70.5%)
[30], which was expected as they are genetically more similar to humans.

Although it is not possible to certainly imply the influence of sex in these cas-
es, since other studies in parallel with the opposite sex were not performed, it is
clearly noticeable the difference in susceptibility of S. mansoni in different ver-
tebrate hosts. In this sense, we call attention to the rate of recovery of worms
from H. sciureus, which, regardless of sex, in our study was 64.65% (with a
higher proportion of male worms), demonstrating that this rodent can be consi-
dered an excellent reservoir and experimental model of S. mansoni. According
to Boissier and Moné [31] the more permissive host has a higher rate of recovery
of worms, in addition to showing an increased proportion of male worms.

Few studies were performed regarding the number of S. mansoni eggs elimi-
nated in feces in different experimental models and analyzed by sex. However, it
has already been demonstrated that the experimental infection by S. mansoni
(BH human strain) in two other species of wild reservoirs found in Brazil (V.
rattus and N. squamipes) of both sexes, was found a prepatent period which
ranged from 40 to 42 days, and an amount of eggs per gram of feces ranging
from 0 - 264 [32]. These results were similar to the parasitological profile found
for H. sciureus in our study, mainly for males, suggesting that S. mansoni infec-
tion in different species of wild rodents, considered reservoirs of this parasite in
Brazil, may present a similar parasitological profile.

The differences in the parasitological aspects found in our study may be re-
lated to the fact that females may present different immunological responses due
to the influence of female sex hormones. These hormones are hypothesized to
underlie sex differences in infection via effects on disease-resistance genes, im-
munity, and behavior [12] [33].

Generally, in human populations, the percentage of T lymphocytes within the
total lymphocyte population in men is lower when compared to women [34],
probably due to the increased testosterone concentrations, which enhance the

activity of T cell apoptosis [35]. On the other hand, the estrogens increase bone
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marrow progenitor B cells numbers in mice by protecting the progenitor cells
from apoptosis [36] [37]. Therefore the different immunopathological processes
during S. mansoni infection in different experimental models and parasite
strains may also be due to immunological differences between the sexes that in-
fluence the functioning of immune cells.

Thus, in summary, we demonstrated that H. sciureus can be considered an
excellent biological model in experimental infections of S. mansoni due to the
low mortality of these rodents and the great recovery of adult worms. Nonethe-
less, complementary studies with a longer infection (chronic phase) and with egg
counts in different tissues, in our experimental model, still need to be per-
formed. In addition, it has been shown that sex may influence parasitological
patterns during infection, and that these differences may be related to sex hor-
mones. In this sense, we suggest that further studies with S. mansoni experi-
mental infection should not be based solely on one sex of the biological model

and that the role of sex hormones should be better investigated.
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