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Abstract: Visceral leishmaniasis (VL) is one of the most severe clinical manifestations of leishmaniasis
as it leads to death in 90% of untreated cases. The liver, spleen and bone marrows are the organs
most affected; however, Leishmania parasites are able to reach the intestines where the gut-associated
lymphoid tissue (GALT) is located. Under physiological conditions, the gastrointestinal tract and
GALT interact with the enteric nervous system (SNE); however, there are no studies exploring
the modulatory role of Leishmania (Leishmania) infantum in the intestines. Thus, this work aimed
to investigate the parasitism, stratigraphy, and morphological changes in the myenteric plexus of
golden hamsters infected with L. (L.) infantum. The animals were infected intraperitoneally, and the
parasite load was evaluated in the spleen, the liver, and the jejunum. The stratigraphic evaluation
and the quantitative and morphometric analyses of NADH-dp and NADPH-dp myenteric neurons
were studied at 30-, 60-, and 90-days post-infection (DPI). Parasites in the spleen, the liver, and the
jejunum increased during the progression of the infection. Stratigraphy studies showed a significant
hypertrophy of the villi and the crypts associated with the increased intraepithelial lymphocytes that
were observed in the jejunum of the infected animals. In addition, mucosal atrophy associated with a
reduction in AB+ and PAS+ goblet cells was observed at 60 DPI and 90 DPL. These morphological
changes were associated with an atrophy of the cell profile from NADPH-dp myenteric neurons.
Furthermore, a significant decrease in the densities of this neuron population was observed in the
chronic phase of the infection. This study suggests that L. (L.) infantum parasites are able to alter the
morphology and innervation of the jejunum in golden hamsters.
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1. Introduction

Leishmaniasis is an infectious disease distributed throughout the world and is caused
by the parasitic protozoan of the genus Leishmania, which infects wild and domestic animals
as well as humans [1,2]. Among the clinical manifestations of leishmaniasis, visceral
leishmaniasis (VL) is one of the most severe, especially in patients with underlying diseases
such as HIV or other medical conditions that affect immunity [3,4]. The main organs
affected by VL are associated with the immune system where phagocytic cells can be found,
such as the spleen, the liver, the lymph nodes, and the bone marrow [5-7]. However, other
organs can be affected by VL, and in some cases, classical clinical signs observed during
infection indicate that the parasites have an impact on the homeostasis of other organs. For
example, weight loss, anemia, and vomiting also are clinical signs associated with intestinal
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dysfunction that compound the severity of VL [8,9] and also suggest that the parasite
infection may affect the gastrointestinal tract (GIT). In natural infections, amastigote forms
were detected in the gut of dogs infected with Leishmania infantum, especially in the lamina
propria of the duodenum, the jejunum, and the ileum, and the local inflammatory responses
were associated with the proliferation of the parasites [10]. The impact of these parasites
on the enteric nervous system was not assessed.

The gastrointestinal tract (GIT) is a series of organs that include the intestines. In
general, the small intestine is divided into three segments, the duodenum, the jejunum, and
the ileum, and all of which have absorption as their main function. These segments display
different anatomical, histological, and physiological specificities. Histologically, the small
intestine is divided into layers: mucosa, mucosal muscle, submucosa, the inner and outer
tunica muscularis, and the serous layer, which is the outermost layer of the organ [11,12].

The mucosal layer is composed of stem cells that originate from the crypts. They
are differentiated into four types of epithelial cells that are organized along the villi and
constitute the epithelium and the epithelial barrier [13-15]. Anatomically, the jejunum
has villi and crypts in greater quantity and length, as compared to other segments of the
small intestine [16], suggesting that this segment has a fundamental importance in nutrient
absorption. It also has a thicker intestinal barrier lining its surface, which interacts with the
external environment through the intestinal lumen and microbiota, selective permeability,
antigen recognition, and effective immune responses [17-19].

Inside the villi is the lamina propria, which plays a fundamental role in the intestine
due to its vascularization, and it is considered the gateway for immune cells to reach the
organ. Through the accumulation of leukocytes in this area, the so-called gut-associated
lymphatic tissue—GALT—acts in the development of immune responses against pathogens
as well as in tissue repair [20,21].

In the submucosal layer, we find the myenteric and submucosal plexus with a network
of unmyelinated nerve fibers and ganglion cells. Between the muscle layers sits the
myenteric plexus that has cell bodies of postganglionic parasympathetic neurons and
neurons of the enteric nervous system (ENS) that control the GIT [22-24]. Enteric neurons
have several specificities including phenotypic plasticity that may be altered in response to
pathogens and serves as a mechanism of adaptive response to the damage produced by
the pathogen [25-27].

Several studies have shown phenotypic plasticity through the assessment of den-
sity and neuronal morphometry in intestinal parasite infections [28-30]. In experimental
infections caused by Leishmania (Viannia) braziliensis, a parasite that causes cutaneous leish-
maniasis, hypertrophy of the cellular profile of myenteric plexus neurons was observed,
suggesting an increase in their metabolic activity as an adaptation mechanism [31].

Histological changes in the intestines have been reported in experimental infections
caused by Leishmania (Viannia) braziliensis in murine models and emphasized the hyper-
trophy of the villi and the crypts as well as the increase in inflammatory infiltrates in the
submucosa and in the myenteric plexus ganglia, characterizing ganglionitis in infected
animals [32]. Additionally, an intense inflammatory reaction associated with epithelial
injury, distortion and loss of crypts, and fibrosis in the lamina propria was verified in the
jejunum and the colon of dogs infected with Leishmania infantum [21,33], suggesting that
Leishmania infantum is able to infect, spread, and change the architecture of the intestines.

Considering the physiological and immunological importance of the jejunum, this
manuscript aimed to analyze the morphological and quantitative changes in neurons of
the myenteric plexus. The population of metabolically active neurons (NADH-dp) was
analyzed in order to mark the working neurons, and the nitrergic subpopulation (NADPH-
dp) presented neurons that express nitric oxide as a neurotransmitter and control GIT
motility in the myenteric plexus. Neuronal assessments were associated with the parasite
load and histopathological changes in the jejunum of golden hamsters (Mesocricetus auratus)
experimentally infected by Leishmania. (L.) infantum.
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2. Results
2.1. Parasite Load

Parasite load analyses in the spleen and liver showed a significant increase in amastig-
ote forms during the evolution of the infection (Figure 1). Similarly, a significant increase in
the parasite load was observed in the jejunum during the progression of the VL infection,
but in a smaller proportion than observed in the spleen and the liver (p < 0.05). No deaths
were recorded before 90 DPI.
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Figure 1. Parasite load in the spleen, the liver, and the jejunum, expressed by Leishmania-Donovan
units (LDU) at 30-, 60-, and 90-days post-infection (DPI). * p < 0.05, as compared to the parasite load
from animals infected at 30 DPI in each organ.

2.2. Neuronal Density and Infection Progression of NADH-dp and NADPH-dp

In the quantitative neuronal analysis, it was observed that NADH-dp populations
(Figure 2A-C) were similar in the control and infected animals. The nitrergic subpopulation
showed a slight reduction in the evolution of the infection at 90 DPI, as compared to the
beginning of the infection (30 DPI) (Figure 2E).

2.3. Morphometry and Infection Progression of NADH-dp and NADPH-dp Neurons

Following the quantitative evaluation, the morphology of the neurons was evaluated.
With respect to the neuronal morphology of NADH-dp neurons, no significant differences
were observed in the experimental and control groups (Figure 3A-C). In the NADPH-dp
subpopulation, a significant reduction in the cellular profile was observed at 90 DPI in
the experimental group in comparison to the control group (Figure 3D). Despite this, no
change in relation to the comparison between the experimental animals was evidenced
(Figure 3E,F).
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Figure 2. Population neuron density of NADH-dp (A) and NADPH-dp (D). Evolution of infection
in experimental animals by NADH-dp (B) and NADPH-dp (E) neurons. Photomicrography of
NADH-dp (C) and NADPH-dp (F) neurons at 30-, 60-, and 90-days post-infection (DPI). * p < 0.05, as
compared to evolution of infection at 30 DPL
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Figure 3. Neuronal morphometry (um?) set as cell profile and nuclear profile of NADH-dp (A) and
NADPH-dp (D). The changes in cell and nuclear profiles of NADH-dp (B,C), NADPH-dp (E F) neu-
rons were analyzed during the evolution of VL infection. * p < 0.05 between control and experimental

groups during the same period of infection.

2.4. Stratigraphy Evaluation

The stratigraphic analysis of the jejunum and the quantitative evaluation of intesti-
nal mucosal cells showed the dynamics of the epithelial barrier and the other intestinal
layers during the evolution of the infection caused by L. (L.) infantum in golden hamsters.
At 30 DP, it was possible to record hypertrophic villi in the infected animals related to the
control group, but at 60 DPI and 90 DP], the villi became atrophic (Figure 4A). The evalua-
tion of the infection progression showed an alteration in the villus response mechanism
through the difference presented statistically at 60 DPI by the infected animals (Figure 4B).
Similarly, the crypts in the jejunum of the infected animals were hypertrophic at 30 DP],
but atrophic crypts were observed at 60 DPI and 90 DPI (Figure 4A). In the evolution of the
infection, a significant reduction was observed in the depth of crypts at 60 DPI and 90 DPI

(Figure 4C).
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Figure 4. Jejunum stratigraphy set as villus and crypt length (A) and total wall and muscular length
(D). Infection evolution of villi (B), crypts (C), muscular layer (E) and total wall (F) length, at 30-,
60-, and 90-days post-infection (DPI) in experimental animals. Photomicrography of total wall of
the jejunum (G) of the control and experimental groups, at 30, 60, and 90 days post-infection (DPI).
*p <0.05, as compared to the 30D PI, and # p < 0.05, as compared to the 60 DPI in evolution of
infection.

The muscular layer data did not show any significant differences in the comparison
between the control and experimental groups (Figure 4D) or in the multiple comparison
analysis among the infected animals (Figure 4E). However, in the morphometric analysis,
a hypertrophy of the total wall was observed at 30 DPI, but at 60 DPI and 90 DP], a signifi-
cant atrophy in this layer was observed (Figure 4D). In the evolution of infection analysis,
a statistical difference was observed only at the last period evaluated (90 DPI), as presented
in Figure 4F.

2.5. Mucosa Analysis

In the mucosa of the jejunum (Table 1), similar densities of PAS+ cells were observed in
the control and experimental groups at 30 DPI. However, at 60 DPI, a significant reduction
of this cell population was observed in the infected animals (p < 0.05). The number of
goblet cells AB+ were significantly reduced at 30 DPI and 60 DPI in the experimental group
in comparison to the control animals, but a significant increase was observed at 90 DPI in
the experimental group. Intraepithelial lymphocytes increased during all infection periods



Parasitologia 2021, 1 231

in comparison to the control group (p < 0.05). However, it should be noted that the presence
of IELs decreased throughout the evolution of the infection.

Table 1. Ratio between intraepithelial lymphocytes (IEL), Alcian Blue + (AB+), and Schiff’s periodic acid + (PAS+) goblet
cells and enterocytes, expressed as a percentage, of the jejunum during the different periods of infection (30 DPI, 60 DPI,

and 90 DPI).
Time of Infection Groups Ratio Cell Type/Enterocyte (%)
PAS+/enterocytes AB+/Enterocytes IELs/Enterocytes
30 DPL Control 21+191 71+£115* 3.7 £0.60*
Experimental 135+ 0.6 35£07* 76+£18*
60 DPI Control 1.5+03% 50+09* 20+1.1*
Experimental 1.0+ 06* 20£13* 40+£12*
90 DPI Control 3.8+26* 39+27* 28+1.2*
Experimental 30£19* 6.0£36* 30£19*

* (p < 0.05) indicates statistical significance between control and experimental groups in the same period of infection.

3. Discussion

Leishmania infection is responsible for compromising the functioning of the main
immune organs of the body, and, therefore, the effects of parasitism related to the spleen
and the liver have been intensely studied [5-7]. However, research demonstrating the rela-
tionship between the Leishmania (L.) infantum infection and the gastrointestinal tract (GIT)
have not yet been initiated. In addition, immune cells constantly interact with the GIT in
gut-associated lymphoid tissue, and although these areas are important to induce tolerance
and eliminate some pathogens, such regions may also represent ideal environments for
replication of Leishmania parasites, as has been demonstrated in experimental and natural
infections [10,21,33].

Although a few studies analyzed the morphological and neurological changes that
take place during protozoal infection, this study detected and analyzed the metabolically
active neuronal population (NADH-dp) and the nitrergic subpopulation (NAPH-dp),
which have important roles in the fight against parasite infections [34].

In the present study, it was observed that hepatic and splenic parasitism increased
with the evolution of the infection, and the same was observed in the jejunum of the
infected animals, although the number of parasites in the jejunum was lower in comparison
to those in the liver and the spleen. Consistent with our results, studies carried out with
natural or experimental infections by Leishmania sp. detected the presence of the protozoan
in the intestine [21,35,36], mainly in the submucosal layer, possibly due to the greater
vasculature and the higher density of immune cells [37]. Therefore, our study shows that
the jejunum can also be infected by L. (L.) infantum, and this infection progresses with the
evolution of the disease and may possibly cause morphological changes in this organ.

The presence of the amastigote forms did not impact the density of the NADH-dp
and NADPH-dp neuronal populations during the evolution of the infection, and that
may be associated with the resistance of the nitrergic subpopulations to the parasites,
given that the nitrergic populations of neurons produce nitric oxide (NO) that eliminates
parasites [38]. In experimental infections caused by Toxoplasma gondii, a high density
of nitrergic subpopulations of neurons accumulated in the small intestine, and this was
associated with low parasitism. It is possible that NO production ensures the relative
control of intracellular parasites and neuroprotection [39-41], which suggests that despite
not belonging to the immune cells, nitrergic neurons play a role in the control of parasites.

The reduction in the density and the cellular profile of NADPH-dp neurons observed
at 90 DPI is explained by a reduction in the production of the neurotransmitter NO as a
compensatory response to the immunity established in the chronic phase of the infection,
which was also observed in BALB/ ¢ mice infected with Trypanosoma cruzi [42]. Additionally,
the presence of high numbers of parasites in the tissue may inhibit the production of NO
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since this parasite has different antioxidant antigens such as iron superoxide dismutase and
tryparedoxin, among others [43-45]. Under normal conditions, the control of GIT motility
is mediated by inhibitory neurotransmitters expressing NO through the nitrergic subpopu-
lation and by excitatory neurotransmitters expressing acetylcholine through cholinergic
neurons [46]. The decrease in the subpopulation of the NADPH-dp neurons and their
atrophy in parasite infections are regularly reported in the literature [28,30,47] and possibly
associated with intestinal dysfunctions such as diarrhea [48]. Although diarrhea is not
listed as one of the main clinical signs of VL, such as prolonged fever, enlarged spleen and
liver, and substantial weight loss [49], many cases have been reported, and although they
were associated with bacterial infections [50], diarrhea can sometimes be a symptom related
to a late stage of disease [51]. In the present study, a reduction in the density of nitrergic
neurons was observed. However, diarrhea was not observed in the infected animals. It
is possible that the number of parasites was too small at 90 DPI to induce such clinical
symptoms in hamsters.

The results obtained through the analyses of the villi and the crypts showed changes in
all periods of infection and indicated that the intestinal mucosa underwent morphological
adaptations to maintain intestinal homeostasis [21]. Mucosal hypertrophy was observed at
30 DPI through an increase in the thickness of the villi and the crypts. This occurs because
the intestinal infection by Leishmania may initiate in the submucosa [52], promoting an
inflammatory response in this layer and accounting for the tissue hypertrophy as well as
influencing the thickness of the villi and the crypt in the lamina propria.

Despite a reduction in the density of the AB+ goblet cells, the modifications observed
in the jejunum of the infected animals, including the hypertrophy of the crypts and the
villi, may also be indicative of increased mitotic activity. The crypts are responsible for
producing cells that constitute the intestinal barrier and guide its conformation [12,15].
In addition to the acceleration of cellular turnover, parasite infections can modify the
morphology of the barrier and may also stimulate the migration of the intraepithelial
lymphocytes to the site of the infection, which also contributes to the increase in the
surface of the intestinal mucosa [32,53,54]. However, this acceleration in the cell turnover
process can negatively influence the differentiation or maturation of pluripotent cells in the
crypts [55], which then do not perform their functions correctly, potentially causing barrier
disruption leading to events such as inflammatory disorders or result in host susceptibility
to intestinal complications [56-58].

At 60 DPI and 90 DP]I, atrophy of the mucosal layer was observed as well as atrophy of
the thickness of the villi and the crypts. Such changes were associated with the disruption
of the intense migration of the intraepithelial lymphocytes, which decreased in intensity
throughout the progression of the infection, and fluctuations in the densities of the goblet
cell populations. The intestinal barrier integrates immunological and non-immunological
components involved in organ defenses against pathogens, wound repair, and interactions
with the microbiota and nutrients, effectively participating in homeostatic mechanisms
in the intestinal epithelium [56]. Features such as decreased villi and crypts tend to be
seen as acquiring an immune tolerance that contributes to the infection chronification
process [59,60].

However, a study with Toxoplasma gondii infections in a murine model showing mu-
cosal atrophy indicated that, although there was a reduction in villus and crypt thickness,
the cell proliferation and differentiation processes remained active, which suggested that
the intestinal barrier kept functioning [29]. Therefore, our results obtained in the 90-day
post-infection group may indicate that cell turnover occurred more slowly and selectively to
increase the population of AB+ goblet cells. This action may have been a probable attempt
to restore the reduced populations at 60 DPI through increased secretion of sialomucins
that are essential to restore intestinal homeostasis.

When analyzing the results obtained by morphometric analysis of the tunica muscu-
laris, no significant differences were observed in any of the periods of infection. Unlike
these results, the morphometry of the total intestinal wall showed changes during all



Parasitologia 2021, 1

233

periods of infection, including hypertrophy at 30-days and atrophy at 60- and 90-days post-
infection. This suggests that the intestinal barrier is an essential apparatus during the para-
site infection caused by Leishmania (L) infantum and promotes changes in its conformation
and response mechanisms for the maintenance of homeostasis in the jejunum.

4. Materials and Methods
4.1. Animals and Ethical Considerations

Golden hamsters (Mesocricetus auratus), 8 weeks old, 250 g of body weight, were
obtained from Anilab (Paulinia, Sdo Paulo, Brazil). This study was carried out in strict
accordance with the recommendations of the Guide for the Care and Use of Laboratory
Animals of the Brazilian National Council for Animal Experimentation. The protocol was
approved by the Ethics Committee of Animal Experiments of the Institutional Committee of
Animal Care and Use at the Medical School of Sao Paulo University (056/16). The hamsters
were housed at the Animal Experimental Institute of Tropical Medicine of Sao Paulo (IMT-
USP), according to the standards of the Committee of Animal Welfare and allowed access to
food and water ad libitum throughout the study, with a 12h light cycle. The animals were
anesthetized using intraperitoneal sodium thiopental at 1 mg/200 pL (Cristalia, Brazil).

4.2. Parasites and Infection

L. (L.) infantum. (MHOM/BR/72/46) was kindly provided by Prof. Dr. Fernando
Tobias Silveira from the cryobank of the Leishmaniasis Laboratory of Prof. Dr. Ralph
Laison, Department of Parasitology, Ministry of Health, at the Evandro Chagas Institute
(Belém, Para-Brazil). They were identified using monoclonal antibodies and isoenzyme
electrophoretic profiles at the Leishmaniasis Laboratory of the Evandro Chagas Institute.
Parasites were maintained in Schneider’s medium supplemented with 10% heat-inactivated
fetal bovine serum, 10 ug/mL streptomycin, and 10 IU/mL ampicillin (ThermoFisher,
Waltham, MA, U.S.) (510). Parasites in late log stage were harvested by centrifugation at
3000 RPM, 10 min, 4 °C, and the pellet was resuspended with PBS.

Thirty golden hamsters were infected with 2 x 107 L. (L.) infantum promastigotes by
the intraperitoneal route, and thirty were injected with PBS alone by the same route. At 30-,
60-, and 90-days post-infection (DPI), animals in each group were euthanized, and the
spleen, the liver and the jejunum were collected.

4.3. Parasite Load Analysis

The parasite load in animals infected with L. (L.) infantum was analyzed using
Leishman-Donovan units. Spleen, liver, and intestine fragments were collected and
weighed. Imprints were performed on slides, and after air-drying, they were fixed with
methanol and stained with Giemsa. Stained slides were examined under optical microscopy
to observe amastigote forms of L. (L.) infantum. The results were expressed as the ratio of
the number of amastigotes found per 1000 nucleated cells and normalized according to the
weight of the respective organ [61].

4.4. Neuronal Detection

Fragments of the jejunum from the infected and control groups were stained by
histochemistry to identify metabolically active neurons (NADH-dp) and nitrergic neurons
(NADPH-dp).

To stain NADH-dp neurons [62], jejunum fragments were washed and filled with
Krebs solution (pH 7.3) as well as washed twice in Krebs solution for 10 min. After this
step, fragments were incubated in Krebs solution containing 0.3% Triton X-100 for 5 min,
followed by two washes with Krebs solution for 10 min. These fragments were incubated
in a sodium—phosphate buffer (0.1 M, pH 7.3), containing 0.05 g of 3-NADH in 50 mL of
distilled water, for 45 min. Segments were fixed in a 10% buffered formalin solution (0.1 M,
pH7.3).
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After the washing steps (similar to metabolically active neurons), jejunum fragments
destined for the histochemical technique of NADPH-dp [63] were incubated in a reac-
tion medium consisting of 50 mg NBT, 100 mg 3-NADPH, and 0.3% Triton X-100 in a
Tris-HCl buffer (0.1M, pH 7.6) for 2 h. After these steps, the fragments were fixed in
4% paraformaldehyde (pH 7.0) solution for fixation and storage.

4.5. Morpho-Quantitative Analysis of Myenteric Neurons

After the fixation step, jejunum segments from the infected and control groups were
sectioned on the longitudinal axis at the mesenteric margin and microdissected under a
stereomicroscope to remove mucosa and submucosa tunics, preserving the muscular and
serous tunics. The whole-mount preparations obtained were mounted between glass slides
with Permount synthetic resin.

For each membrane preparation, all mesenteric, antimesenteric, and intermediate
regions of the jejunum were scanned, and morphometric analyses were performed in
at least 40 neuronal ganglia. All neurons in the neuronal ganglion were recorded and
quantified. For this analysis, a light microscope (magnification of 100X), coupled with a
Motic Image digital camera, was used.

The area of the cell body (CP) and nuclear (NP) profile of myenteric neurons were
estimated in at least 100 neurons. Image-Pro Plus 3.0.1 software was used to acquire the
images and estimate the area (um?) of CP and NP.

4.6. Morphometric Analysis of Intestinal Stratigraphy and Quantitative Analysis of Mucosal Cells

Fragments of approximately three centimeters of the jejunum of the control and
infected groups were fixed in 10% formaldehyde for 48 h. The fragments were washed
in 70% ethyl alcohol, dehydrated in an increasing series of alcohols until absolute (PA),
and diaphanized in xylene. The samples were semi-serial sectioned with paraffin at 5um
and stained with hematoxylin and eosin (HE). Morphometric analyzes were performed
on the jejunum sections, analyzing (1) the thickness of the tunica muscularis (um), (2) the
total wall of the jejunum (um), and (3) the villus and the crypt height (um). Another batch
of histological sections of the jejunum was stained with periodic acid-Schiff (PAS) and
Alcian blue (AB) (pH 2.5), both counterstained with hematoxylin to analyze the number
of enterocytes, PAS+ and AB+ goblet cells, and intraepithelial lymphocytes (IELs) in the
mucosal layer. These morphometric analyzes were performed in 12 fields per slide that
were chosen at random.

4.7. Statistical Analysis

The results obtained were analyzed using GraphPad Prism 8.0, and the control and
experimental groups were submitted to the Student’s t-test, followed by Tukey’s post hoc
test. To assess the progression of the infection, the experimental animals were submitted to a
one-way ANOVA, where a multiple-comparison test was only performed between infected
animals at 30 DPI, 60 DPI, and 90 DPL The results were expressed as mean =+ standard
deviation, and the significance level was 5%.

5. Conclusions

By analyzing the changes that occurred in the gastrointestinal tracts of hamsters
infected with L. (L.) infantum for 90 days, it was possible to observe that the most severe
changes appeared at the beginning of the infection (30 DPI), where it was possible to record
morphological changes in the GIT, such as hypertrophy of the stratigraphic layers and the
presence of lymphocytes in the mucosa.

At 60 DPI and 90 DPYJ, it was possible to observe a trend towards the normalization of
the effects of the parasite on the GIT, although alterations in neuronal and GIT stratigraphy
could be observed. Thus, we can conclude that infections by L. (L.) infantum can promote
changes in the intestinal barrier, such as in the neuronal density and the morphometry
of the jejunum in golden hamsters (Mesocricetus auratus). Additionally, it was possible
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to observe that the infection induces different responses during the different periods of
infection as the gastrointestinal tract attempts to maintain homeostasis.
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