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» The infection by Ancylostoma causes
peripheric imunosupression in
hamsters.
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» Inflammation of the intestinal
mucosa does not favor the
development of Ancylostoma.

» Prednisolone causes a decrease in
egg laying of Ancylostoma
ceylanicum.
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ABSTRACT

Corticosteroids and cyclosporine A (CsA) are important clinical immunosuppressive drugs used in the
maintenance of organ transplants and in suppressing undesired autoimmune or allergic immune
responses. To study the effect of CsA and prednisolone on the course of an Ancylostoma ceylanicum infec-
tion, hamsters were treated with commercially available prednisolone or CsA. For both drugs, half the
recommended dose was sufficient to inhibit the proliferation of more than 70% of hamster lymph node
cells. There was no difference in the recovery of adult worms; however, animals treated with predniso-
lone presented with low egg counts in the feces. Infection with A. ceylanicum resulted in an increase in
specific antibodies against adult worm antigens, but hamsters treated with either drug presented with
lower IgG titers. We observed that A. ceylanicum infection caused peripheral cellular immune suppres-
sion, which is characterized by a reduction in the total white cell count, neutropenia and lymphopenia.
We also observed a lymphoplasmacytic pattern and few eosinophils in the mucosal inflammatory infil-
trate for all the animals. The animals treated with prednisolone showed changes in the architecture of
the intestine, including the loss of the mucosa, intense congestion and inflammation. In spleen, we
observed hyperplasia of white pulp in all infected animals; in addition, there was a loss of tissue
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architecture in the animals treated with prednisolone. In conclusion, this work shows that an A. ceylan-
icum infection leads to acute peripheral cellular immune suppression in hamsters but not humoral
immune suppression and that CsA treatment does not interfere with the process of infection. However,
prednisolone treatment causes intestinal injury, what could hamper the parasite attachment to the intes-
tinal wall, and as a result affects copulation and, consequently, decreases the number of eggs eliminated
in the feces. Moreover, the possibility that the drug can also be exerting an effect on female fertility

should be considered.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Hookworms infect an estimated 740 million people worldwide
and can lead to severe clinical manifestations in their host (De Silva
et al., 2003). This infection is often neglected because it mainly af-
fects poor population worldwide who live on less than two dollars
per day (Hotez et al., 2005; Hotez, 2008). Hookworm parasites are
thought to be able to evade or suppress the host immune response
because infected people have high worm burdens and can be
rapidly reinfected in endemic areas (Albonico et al., 1995, 2003;
Loukas et al., 2006; Loukas and Prociv, 2001; Quinnell et al., 1993).

Our understanding of the immune responses against hookworm
infection is based on immunological studies in endemic areas,
which provide important, although limited, data. These data are
limited because of the lack of information in the patients’ medical
history. Experimental models with dogs infected with Ancylostoma
caninum or hamsters (Mesocricetus auratus) infected with A. ceylan-
icum have also added to our understanding. The hamster model has
been used as a hookworm infection model in pathology, immunol-
ogy and vaccination studies because it reproduces human pathol-
ogy better than other hookworms, such as Necator americanus
and A. duodenale (Dondji et al., 2010; Fujiwara et al., 2006; Mendez
et al., 2005).

Infective larvae (L3) that are administered via an oral route in
the hamster develop into adult worms in the small intestine
(Bungiro et al., 2001) and elicit a mixed Th1/Th2 response (Mendez
et al., 2005). A similar response has also been observed in human
hookworm infections (Fujiwara et al., 2006).

Corticosteroids are drugs that are used to suppress undesired
autoimmune or allergic immune responses and those induced by
graft rejection (Cohn, 1997; Magee et al., 2002; Trowald-Wight
et al., 1998). Glucocorticoids, such as prednisolone, act through
intracellular receptors that are expressed in almost every cell of
the body. The complex formed by corticosteroids and their intracel-
lular receptor interferes with the synthesis or binding of transcrip-
tion factors to the promoter region of specific genes (Kamiyama
et al.,, 2008; Paliogianni et al., 1993; Scheinman et al., 1995). Fur-
thermore, glucocorticoids hormones are inducers of apoptosis in
lymphocytes and other cells found in the spleen and other tissues
(Bamberger et al., 1996; Kamiyama et al., 2008; Lucin et al., 2009;
Riccardi et al., 1999). At the same time, glucocorticoids stimulate
the migration of apoptosis-resistant cells to the spleen (Luzicova
and Efimova, 2009). The immunosuppressive effects of glucocorti-
coids result in the inhibition of B lymphocyte migration to the bone
marrow and in the release of cytokines (IL-1, IL-2 and IFN-vy) by leu-
kocytes and macrophages, which suppress the activity of T and B
lymphocytes, the degradation of complement components and
the blockage of immunoglobulin receptors (Luzicova and Efimova,
2009; Scheinman et al., 1995; Wilckens and de Rijk, 1997).

Cyclosporine A (CsA) is an important clinical immunosuppres-
sant that is used in the maintenance of organ transplants and the
treatment of autoimmune diseases (Brazis et al., 2006; Dzik
et al., 2002). The pharmacological effect of CsA depends on its
binding to cyclophilin, its cytoplasmic receptor. This binding
results in the following: (i) specific inhibition and reversible activa-
tion of several cell types, including T cells, eosinophils and mast

cells (Akhavan and Rudikoff, 2003; Triggiani et al., 1989; Robson,
2003); (ii) inhibition of the release of mediators such as histamine
(Garcia et al., 1998) but not prostaglandins (Brazis et al., 2006); and
(iii) apoptosis of T cell lines (Huss et al., 1995). Furthermore, CsA
inhibits the production of cytokines that are normally induced
upon T cell activation, especially IL-2, which is considered the main
effect of the drug (Dzik et al., 2002; Fruman et al., 1992; Kahan,
1989). In addition, CsA inhibits the synthesis of nitric oxide (a
pro-inflammatory molecule) in macrophages, hepatocytes and
other cells (Farghali et al., 2002; Trajkovic, 2001).

In parasitic infections, CsA acts as an immunosuppressant and
can either worsen the infection or delay the elimination of para-
sites (Bell et al., 1996). Indeed, evidence from the literature demon-
strates that the in vivo anti-parasitic effect of the CsA can worsen
certain infections (e.g., Hymenolepis diminuta and Echinococcus
multilocularis), and relieve the condition of others (e.g., schisto-
somes, H. microstoma and E. granulosus) (Chappell and Wastling,
1992). However, it is not possible to predict when the administra-
tion of CsA to infected laboratory animals will result in an anti-
parasitic or an immunomodulatory treatment because the effect
seems to be independent of the taxonomic group and the location
of the parasite in the host (Bell et al., 1996). Thus, the current study
examined the effect of CsA and prednisolone during the course of
A. ceylanicum infection in hamsters. Therefore, we evaluated the
parasitological and immunopathological aspects of infection.

2. Materials and methods
2.1. Experimental design

Hamsters (Mesocricetus auratus), female, 4-6 weeks old, were
housed in the Animal Facility at the Department of Parasitology,
UFMG. Water and commercial diet were provided ad libitum. Ani-
mals at the facility are routinely treated with one dose 2 mg/kg
Ivomec® (Ivomec®- Merial, Brazil) via gavage, 15 days prior A. cey-
lanicum infection.

Animals were divided into four treatment groups, with ten ani-
mals/each, according to the treatment received: (i) negative - un-
treated and uninfected; (ii) control - untreated and infected (see
below); (iii) CsA - treated with CsA and infected; and (iv) Pd - trea-
ted with prednisolone and infected.

For infection, 50 L; of A. ceylanicum were inoculated via oral ga-
vage into the upper digestive tract of the hamsters. Seven days
after inoculation (DAI), feces were collected direct from cages at
every three days to count eggs using a McMaster chamber (Gordon
and Whitlock, 1939). Individual determination of eggs per gram of
feces (EPG) was not performed due to the small volume of stool ob-
tained from each animal. Therefore, statistical analyses are not pre-
sented to these data. To prevent the spontaneous elimination of
adult worms, the animals were euthanatized at 31 DAI with an
anesthetic overdose (150 mg/kg Thiopental®, Cristalia, Brazil).

After euthanasia, part of the spleen was removed and placed in
10% formaldehyde-PBS solution (pH 7.2) for histopathological
analysis. The small intestine was removed and opened in a Petri
dish containing PBS, and adult parasites were recovered from the
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intestinal mucosa. The worms were counted, sexed and frozen at
—80°C for future antigen preparation, which was used in the
immunological assays. After recovering the adults, a fragment of
the bowel (about 10 cm from the pylorus) was fixed in hard card-
board and immersed in a 10% formaldehyde buffer solution (pH
7.2) for histopathological analysis.

All procedures followed the recommendations of the Ethics
Committee on Animal Experimentation of Universidade Federal
de Minas Gerais (CETEA/UFMG), project number 088/09.

2.2. Drug administration

Two commercially available drugs, prednisolone (Prelone®,
3 mg, Aché) and CsA (Sandimun Neoral®, 100 mg, Novartis), were
administered via oral route at doses of 10 mg/kg (0.6 mg/hamster).
The animals were treated for three consecutive days before the
infection and, thereafter, with the purpose of minimize toxic side
effects (like renal dysfunction, hypertension, animal stress or life-
threatening), the treatment was applied every other day until the
end of the experiment.

2.3. Cell proliferation assay

Cell proliferation was assessed using an MTT assay as previ-
ously described (Chow et al., 2000). Briefly, 160 pL aliquots of a
mesenteric lymph nodes cell suspension (1 x 10° cells) obtained
from an uninfected hamster in RPMI 1640 medium (Invitrogen,
USA), which was supplemented with 2% antibiotic/antimycotic
solution (Invitrogen, USA), 1.6% ir-glutamine (Synth, Brazil) and
10% heat-inactivated fetal calf serum (Cutlab, Brazil), were cul-
tured in a flat-bottom 96-well plate with 20 pL of both drugs at
varying concentrations of 20 pL of a 50 pg/mL phytohemagglutinin
(PHA) solution (Sigma Chemical Co. - St Louis, MO, USA) for 24 h in
an atmosphere of 5% CO, at 37 °C. Twenty microliters of a MTT
solution (5 mg/ml) were added to each well. The cells and the
plates were incubated for an additional 4 h. After incubation, the
supernatants were carefully removed from the wells, and 100 pL
DMSO (Merck, Germany) was added and thoroughly mixed. The
optical density at 570 nm was determined on an ELISA plate read-
er. Cell proliferation was expressed as a percentage of the absor-
bance of the PHA-treated control cells after subtracting the
absorbance from the appropriate blanks.

2.4. Larvae and adult crude antigen preparation

Crude antigen preparations were obtained by mechanically
macerating the adult worms in a tissue grinder (Tissue Grinder,
Fisher Scientific, USA), and L3 extracts were prepared using sonica-
tion (Ultrasonic homogenizer, 40 cycles of 30 s). Both extracts were
centrifuged to separate debris (20,800g, 10 min, 4 °C). The protein
concentration of the supernatants was measured using a BCA kit
(BCA kit, Pierce, USA), as recommended by the manufacturer. The
supernatant aliquots were stored at —80 °C until future use.

2.5. ELISA assay

Humoral immunity was determined by measuring the response
against L3 and adult A. ceylanicum crude antigen. Anti- A. ceylani-
cum IgG concentration in plasma was measured by ELISA. Briefly,
plates (BD Falcon, USA) were coated with 1 pg/ml of antigen in car-
bonate buffer (0.05 M NaHCOs, pH 9.6) for 18 h at 4 °C. For block-
ing, the plate was incubated for 2 h at 25° C in a PBS-0.05% Tween
20 (PBST) solution containing 2% casein (Molico® - Nestlé). Sera
were analyzed individually diluted 1:100 and incubated overnight
at 4 °C. The secondary antibody (Biotinylated anti-Armenian and
Syrian hamster IgG - BD Pharmigen), diluted 1:5000, was

incubated for 2h at 25°C. Streptavidin (R&D Systems, USA),
diluted 1:200 in 0.05% PBST, was then added and the plate was
incubated for 20 min. The assay was developed with O-phenylene-
diamine dihydrochloride - OPD® (Sigma Aldrich, USA) for 30 min
in the dark. The reaction was stopped by adding 50 pl of 2N
H,S0,4 to each well of the plate. The plate was read at 492 nm on
a spectrophotometer (VersaMax Microplate Reader, Molecular De-
vides Inc., USA), using the SoftMax Pro Software. After each incuba-
tion step (except after the incubation with OPD®), the plate was
washed five times with 0.05% PBST.

2.6. Blood cell count

Cellular parameters were assessed on the day of infection and
on the day of sacrifice, 1 mL of blood was collected from the retro
orbital plexus to perform a complete blood count (Veterinary
Hematology Analyzer BC2800, Quibasa, Brazil) and to obtain plas-
ma. Reference values for hamsters were obtained from Mitruka
and Rawnsley (1981) and Gad and Hess (2007).

2.7. Histopathological analysis

Spleen and small intestine samples fixed with 10% neutral buf-
fered formalin at the time of sacrifice were embedded in paraffin.
The sections (5 pm thick) were stained with hematoxylin and eosin
(H&E) for a qualitative analysis of histological changes. The param-
eters analyzed for the small intestine included inflammation, loss
of villi and/or mucosa and an increase in the number of goblet cells.
In the spleen, the levels of white pulp hypertrophy and inflamma-
tory infiltrate were evaluated in the capsule and trabecula.

2.8. Statistical analysis

The results were expressed individually (each point) with the
arithmetic mean (black line) or as the mean * standard deviation
(SD). The Grubbs test was used to detect outliers, which were re-
moved from the sample. The effects for each treatment/infection
were tested using ANOVA, with 5% level of significance (p < 0.05),
using the statistical package Graph Pad Prism 5.0.

3. Results
3.1. Hamsters immunosuppression

The results show that cells from the mesenteric lymph nodes
stimulated with PHA exhibited a wide variation in cell proliferation
when the cells were incubated with different doses of prednisolone
(p > 0.05). For all the doses tested, cell proliferation was less than
that of the cells incubated without drug (p < 0.01) (Fig. 1A). In this
trial, 0.3 mg of prednisolone, the half of the dose administered to
hamsters, was sufficient to inhibit more than 70% of proliferation
compared to the group stimulated with only PHA (p < 0.001).

Only high doses (=30 pg/ml) of CsA (Fig. 1B) were able to inhi-
bit more than 75% the proliferation of mesenteric lymph node cells
from hamsters when compared to stimulated cells without the
drug (p < 0.001).

3.2. Adult worm’s recovery

Fig. 2A shows the number of adult A. ceylanicum worms that
were recovered from the small intestine of each individual ham-
ster. There was no statistical difference between groups
(p > 0.05); however, compared to the control group (mean =16.4),
more worms were recovered from the animals treated with CsA
(mean = 21.7), whereas fewer worms were recovered from animals
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Fig. 2. (A) Recovery of adult Ancylostoma ceylanicum worms from individual
hamsters sacrificed at 30 DAL (B) Elimination of eggs per gram of feces (EPG)
determined from feces collected direct from cages at every three days (starting at 7
DAI) and eggs number counted using a McMaster chamber. Groups of animals
untreated and treated with cyclosporine A or prednisolone and infected with 50 L3
larvae by oral route. Symbols correspond to: B control group (untreated and
infected); a hamsters treated with cyclosporine A and infected; 4 hamsters treated
with prednisolone and infected. The bars indicate the average value of the group.

treated with prednisolone (mean = 12.3). There was a wide varia-
tion for all the groups in the number of parasites recovered from
each individual. The male:female proportion was similar in all in-
fected groups.

3.3. Egg counts

The prepatent period for all the groups was 21 DAL We ob-
served an earlier egg elimination peak in animals treated with
CsA compared to the control group (Fig. 2B), and the area under
the curve (AUC) indicates that these animals eliminated more eggs

than the control group. Animals treated with prednisolone did not
have an egg elimination peak; instead, they maintained low eggs-
per-gram (EPG) counts throughout the observation period.

3.4. IgG response

We determined the humoral response by measuring IgG anti-
body titers, which recognize A. ceylanicum L; and adult worm crude
antigens, in plasma taken from animals on the day of infection and
the day of sacrifice. At sacrifice, the control group had higher anti-
body titers against adult worm crude antigens, whereas the CsA
and prednisolone groups had lower levels of circulating IgG
(p<0.001) (Fig. 3A). All animals had minimal antibody titers
against L3 crude antigens on the day of infection and the day of sac-
rifice (data not shown).

3.5. Hematological parameters

3.5.1. Red and white blood cells

Infected animals showed a decrease in the total erythrocyte
count compared to the negative animals (uninfected) (p < 0.001),
but the counts still remained within normal physiological limits
(Fig. 3B). All infected groups showed a decrease in the number of
circulating leukocytes, especially the control (p <0.05) and the
prednisolone treated animals (p < 0.05), in which the values were
below the normal physiological limits (Fig. 3C).

3.5.2. WBC differential count

Control and prednisolone treated animals showed a decrease in
the number of circulating lymphocytes, whereas there were no dif-
ferences in the negative group (p > 0.05). However, animals that
were treated with prednisolone had a greater variability in the
number of lymphocytes compared to the other groups (Fig. 3D).

We observed reduced numbers of neutrophils in peripheral cir-
culation in all the infected animals compared to hamsters of the
negative group (p <0.05) (Fig. 3E). Moreover, the score profiles
are more homogeneous for all the infected animals compared to
the negative group.

Eosinophil counts for the negative animals indicate that most of
the animals presented with a higher degree of eosinophilia prior to
infection, in which values were well above normal physiological
levels (Fig. 3F). However, this trend was reversed after the treat-
ment and infection, in which the number of eosinophils decreased,
especially in the control and CsA groups (p < 0.05).
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3.6. Histopathological analysis

Inflammation was not present in the intestinal muscular layer
for any of the infected groups. A lymphoplasmacytic infiltration
was observed in the small intestine of infected animals, and few
eosinophils were observed in the mucosal inflammatory infiltrate,
which is suggestive of chronic inflammation (Fig. 4). In control
group, 40% of the animals showed a loss of intestinal epithelium,
while maintaining the framework of the villi (Fig. 5). A. ceylanicum
infection led to an increase in goblet cells (Fig. 4E and H), except for
the hamsters treated with prednisolone (Fig. 4K). With the prednis-
olone treatment, the animals showed changes in the architecture of
the intestine, including the loss of mucosa and intense congestion
and inflammation (Figs. 4],K and 5). In other groups, there was only
a decrease of the height of the villus (Figs. 4D,G and 5).

Unlike the negative group (Fig. 4C), all the infected animals
showed hyperplasia of white pulp in the spleen (Fig. 4F,L). In

the animals treated with prednisolone, there was a loss of tissue
architecture (Fig. 4L).

4. Discussion

Although ancylostomiasis affects millions of people in different
health and medical conditions worldwide, with exception of anti-
helminthic drugs, there is an evident lack of data showing the ef-
fect of drugs in the course of hookworm infection in both, human
and experimental models of infections. In this work, the study of
the effect of two immunosuppressive drugs (CsA and prednisolone)
with different action mechanisms administered in experimental
dose of 10 mg/kg has contributed to elucidate some aspects of
the hookworm biology. In vitro, we observed a reduction in cell
proliferation for both drugs. However, despite the extrapolation
to the ex vivo be complex, studies have shown that the living
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treated with cyclosporine A or prednisolone were classified based on hematoxylin-
eosin sections: intact epithelium (black bar), loss of epithelium (white bar), loss of
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organism has additional factors to improve the response of lym-
phocytes to the inhibitory effects of the drug (Ferron and Jusko,
1998; Magee et al., 2002).

Studies have shown that the CsA and its metabolites can be de-
tected in mouse tissues for more than two weeks after treatment
(Kahan, 1985; Bout et al., 1985; Chappell et al., 1987; Bell et al.,
1996). Steroids are available in several formulations. Moderately
insoluble esters, including prednisolone acetate, release the active
ingredient gradually over days or weeks (Cohn, 1997). In this work,
we opted to administer the drugs every other day to minimize the
toxic side effects, namely renal dysfunction and hypertension that
result from prolonged treatment with CsA (Bell et al., 1996) and

effects that range from annoying (e.g., polyuria) to the life-threat-
ening (e.g., opportunistic infection) for prednisolone (Cohn, 1997).

Although all groups have presented similar pre patent periods,
animals treated with CsA showed an earlier egg elimination peak
in comparison to the other groups. The highest average recovery
of adult worms may have been responsible for the major amount
of eggs released by this group during the experimental period. In
contrast, animals treated with prednisolone eliminated very few
eggs, although there was no difference between the numbers of
adult worms, especially females, recovered for this group. In this
case, we suggest that the drug may have interfered directly with
female parasite oviposition; however, host immunity may influ-
ence the number of eggs shed by adult female nematodes (Strain
et al., 2002) and the subsequent development of those eggs
(Jorgensen et al., 1998).

A. ceylanicum infection leads to an increase in specific antibod-
ies against adult worm antigens but not larva antigens. We suggest
that the low recognition of antibodies against the larva form of the
parasite is due to the short period of time during which the host
organism comes into contact with their antigenic products (L3) be-
cause larvae do not make the pulmonary migration path in an oral
infection (Fujiwara et al., 2006; Garside and Behnke, 1989; Ghosh
et al., 2006; Loukas and Prociv, 2001). As previously described by
other authors, high levels of antibodies against adult worm anti-
gens from A. ceylanicum were found for the infected and untreated
groups in our study (Bungiro et al., 2001, 2008; Garside et al., 1989;
Mendez et al., 2005). Greer et al. (2005), who evaluated the im-
mune response of Trichostrongylus columbriformes-infected sheep
that were treated with prednisolone, showed a lower antibody re-
sponse in treated sheep compared to untreated sheep. Our results
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are consistent with previously published results for these two
immunosuppressive treatments, especially for prednisolone, in
which the results for the immune responses, were statistically sig-
nificant compared to the control group (infected and untreated).

This work analyses peripheral cellular response in hamsters in-
fected with A. ceylancium where it was observed that infection
causes a framework of peripheral cellular immune suppression,
which is characterized by a reduction in total white cell count, neu-
tropenia, lymphopenia and eosinopenia. Similar values were also
seen for animals treated with CsA or prednisolone. Although there
is little conclusive information about the immune response during
experimental hookworm infection, our finding are consistent with
other authors who have demonstrated that experimental infection
models of human hookworm or other human intestinal worms are
associated with impaired lymphocyte proliferation, impaired anti-
gen processing and presentation and increased secretion of nitric
oxide (Jenson et al., 2002; Dondji et al., 2008). Regarding eosino-
phils, Garside et al. (1989) also found physiologically elevated
counts in uninfected hamsters, and the literature shows that hook-
worm infection stimulates migration of these and other peripheral
blood leukocytes for cellular infiltration that is established at the
site where the parasite feeds, especially during the maturation of
adult worms in the intestine (Carroll and Grove, 1984; Croese
and Speare, 2006). However, inflammatory foci with abundant
eosinophils were not detected in intestinal sections. Recent reports
have suggested that helminthic worms secrete specific molecules
to interfere with components of the eosinophil-mediated tissue
inflammatory response, which leads to the down regulation of this
response during helminth infection (Maizels et al., 2004; Loukas
and Prociv, 2001; Geiger et al., 2011). This secretion represents
one mechanism by which the parasitic worms evade the host im-
mune response. For example, some hookworm metalloproteases
cleave eotaxin, which is derived from eosinophils, and block its
chemotactic effects in vivo and in vitro (Culley et al., 2000; Shin
et al., 2009). Moreover, rodents are known to be susceptible to glu-
cocorticoids and, therefore, have classic components of a “stress
leukogram”, which is characterized by mature neutrophilia (not
observed in this work), lymphopenia via lymphocyte lysis and
eosinopenia (Cohn, 1997). However, A. ceylanicum infection ap-
pears to have masked any adverse effects of the treatment, given
that there were no differences in hematological results between
treated and untreated animals.

The lymphoplasmohistiocytic profile of the intestinal mucosa,
which we found in all infected animals, is consistent with data
from the literature that have shown high levels of secreted anti-
bodies in the feces of infected hamsters, especially IgA (Bienen-
stock, 1970; Bungiro et al., 2008; Haakenstad and Coe, 1971).
Alkazmi et al. (2006) showed that hamsters infected with A. ceylan-
icum have changes in cell proliferation and marked alterations in
the architecture of the mucosa of the small intestine. The authors
also emphasize that these changes are dependent on the pres-
ence/absence of worms, the density of worms (intensity of infec-
tion) and the duration of infection and, furthermore, that the
normal structure of the intestine is restored after the adult para-
sites are eliminated (Alkazmi et al., 2006). Several studies have
shown that hookworms have the ability to create a site of ‘immune
privilege’ around themselves in the intestinal mucosa (Chow et al.,
2000; Loukas and Prociv, 2001; Croese et al., 2006; Croese and
Speare, 2006). According to some authors, this strategy could in-
duce the formation of an infiltrate of activated leukocytes, includ-
ing eosinophils, at the site of parasite colonization, which would
lead to apoptosis, reduced inflammation and, consequently, an
asymptomatic infection (Chow et al.,, 2000; Loukas and Prociv,
2001; Croese et al., 2006). The intestinal sections of animals treated
with prednisolone are characterized by a change in the architec-
ture of the organ, with intense loss of mucosa and inflammation

and congestion, whereas the other two groups were characterized
by mild inflammation. These histopathological results agree with
our parasitological findings, suggesting that the prednisolone
treatment may cause the mucosa degradation creating an unfavor-
able environment and forcing the worms to change their location
frequently, what leads to a negative nutritional balance to the
worms, decreasing their sizes and making the chances of mating
more difficult and, consequently, decreasing the number of eggs
eliminated in the feces (Croese et al., 2006;Alkazmi et al., 2006;
Bungiro et al., 2008).

We evaluated the histology of the spleen from infected animals,
and the influence treatments had on the organ. Immune stimula-
tion, characterized by hyperplasia of white pulp, was observed in
infected animals. Studies have shown that the spleens of animals
that have been infected with hookworms for thirty days are
approximately three times larger than those of uninfected mice
(Garside et al., 1989; Dondji et al., 2008). Conversely, other studies
have shown that spleen and mesenteric lymph node cells from A.
ceylanicum-infected animals shown minimal or a lack of prolifera-
tion in response to hookworm antigen (Garside et al., 1989; Geiger
et al., 2004, 2007; Dondji et al., 2008; Fujiwara et al., 2009), which
is consistent with our results indicating blood cell immunosup-
pression in the infected group.

5. Conclusions

We conclude that an A. ceylanicum infection leads to acute
peripheral cellular immune suppression in hamsters but not
humoral suppression and that CsA treatment, in the dose of
10 mg/kg, does not interfere with the process of infection. How-
ever, prednisolone acetate treatment, at the dose of 10 mg/kg,
causes injury to the intestine of the host and leads to decreased
maintenance of the parasite on the intestinal wall, which affects
the worm development and, consequently, decreases the number
of eggs eliminated in the feces.
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