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Abstract

The aim of this work was a correlation study and histopathological description of alterations associated with the
presence of Leishmania infantum amastigote in the intestinal wall of dogs infected with canine visceral leishmaniasis
(CVL). Three groups were used: G1 (n = 8), comprising naturally infected dogs with CVL with amastigotes of L. infantum
in the small and large intestines; G2 (n = 9), infected dogs with CVL, without intestinal amastigotes; and G3 (n = 3),
uninfected dogs. Histochemistry and immunohistochemistry methods were used for histopathology and amastigotes
identification. 47.1% (8/17) of dogs from G1 group had amastigotes in the mucosa, submucosa and muscle layers of the
small and large intestines and it was observed a prominent inflammatory reaction characterized by chronic infiltration
of mononuclear cells: macrophages, lymphocytes and plasma cells. Comparison between the groups showed only a
significant difference in relation to mucosal microscopic structural alterations in dogs from Gl in relation to G2 and
G3. Parasite burden showed significant correlations with the microscopic alterations and clinical status of dogs in G1.
By the conclusion, the inflammatory reactions caused by the parasites in the intestines might have contributed towards
alterations in digestive processes, worsening the dogs’ clinical status of CVL.
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Resumo

O objetivo foi realizar um estudo de correlagio e descri¢ao histopatoldgica das lesoes associadas a presenca de
amastigotas de Leishmania infantum na parede intestinal de cdes infectados com leishmaniose visceral canina (LVC).
Os cies foram subdivididos em trés grupos: G1 (n = 8) cies naturalmente infectados com LVC e com amastigotas de
L. infantum no intestino; G2 (n = 9) com LVC, mas sem o parasitismo intestinal; ¢ G3 (n = 3) cdes no infectados.
Métodos histoquimicos e imunoistoquimicos foram utilizados para a histopatologia e a identificagao das amastigotas,
respectivamente. 47,1% (8/17) dos cdes infectados (grupo G1) apresentavam formas amastigotas na mucosa, submucosa
e camada muscular do intestino delgado e grosso, destacando-se uma reagio inflamatéria caracterizada por infiltrado
cronico de células mononucleares; macréfagos, linfécitos e plasmdcitos. Observou-se uma diferenga significativa somente
com relacdo as alteragbes estruturais microscdpicas intestinais nos caes do G1 quando comparadas com G2 e G3.
A intensidade parasitdria intestinal teve correlagio significativa com as alteragdes microscépicas e os sinais clinicos dos caes
do G1. Concluiu-se que as amastigotas de L. infantum por causarem reagdes inflamatdrias na parede intestinal dos cies
podem ter contribuido para as alteragoes dos processos digestérios, agravando ainda mais o quadro clinico dos animais.
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Introduction

Canine visceral leishmaniasis (CVL) is a disease caused by
protozoa of the genus Leishmania (ROSS, 1903). The species
Leishmania infantum (syn. L. chagasi) is the causative agent of
visceral leishmaniasis in the New World, with endemic regions
extending from the southern USA to northern Argentina, including
Brazil (KUHLS et al., 2011).

The main route for parasite transmission to human and animals
is through the bite of the sand flies species Lutzomyia (L.) longipalpis
(Diptera: Psychodidae: Phlebotominae) (PORROZZI etal., 2006).
Because of the close association between dogs and humans, dogs
play an important role in transmitting the disease to humans.
The canine skin is the body system that most commonly presents
signs of CVL and the presence of Leishmania parasites in dog skin
emphasizes the importance of the role played by domesticated
canids in the life cycle of L. infantum (QUEIROZ et al., 2010).
Once inoculated into the host’s skin, the parasite multiplies
inside the cytoplasm of macrophages, thereby causing alterations
especially to the liver, lymph nodes, spleen, bone marrow and
gastrointestinal tracts.

The infection compromises not only the liver, spleen, lymph nodes
and bone marrow, but also other organs such as the gastrointestinal,
central nervous, genital and urinary systems (BLAVIER etal., 2001;
ALVAR etal., 2004; SOLANO GALLEGO etal., 2001). Classic
canine leishmaniasis appears clinically as a chronic wasting disease,
with anemia, cutaneous lesions, generalized lymphadenopathy,
glomerulonephritis, epistaxis, chronic colitis, hemorrhagic
diarrhea, arthritis, ophthalmic lesions, keratoconjunctivitis or
uveitis (CHAPMAN & HANSON, 1984; CHANG et al., 1985;
FERRER etal., 1991; CTARAMELLA etal., 1997; BLAVIER et al.,
2001; TAFURI et al., 2001).

An inflammatory reaction in the gastrointestinal tract associated
with the presence of intramacrophagic Leishmania amastigotes
has been reported in experimentally infected dogs (CHIAPELLA,
1986; KEENAN et al., 1984a, b) and in naturally infected
dogs (FERRER et al.,, 1991; PINTO et al., 2011; TOPLU &
AYDOGAN, 2011). In experimental studies using hamsters as
models for this infection, Gonzilez et al. (1986) described the
pathological alterations occurred in the intestinal lamina propria
and submucosa of the colon, caused by the parasites associated
with inflammatory cell infiltration of lymphocytes, plasma cells
and macrophages. Although uncommon, occurrences of erosive
and ulcerative colitis and hemorrhagic diarrhea have sometimes
been described in dogs in association with severe clinical signs of
this disease (GONZALEZ et al., 1990; FERRER et al., 1991).
However, the prevalence of Leishmania parasitism detected in the
colonic mucosa through colonoscopy, but without overt colitis,
was surprisingly high in dogs with symptomatic leishmaniasis
(ADAMAMA-MORAITOU et al., 2007).

More recently, Silva et al. (2002) and Pinto et al. (2011)
investigated symptomatic dogs that were naturally infected with
L. infantum and observed high parasite burden throughout the
intestinal mucosa (predominantly in the colon) without marked
pathological alterations, which suggested that Leishmania might
be a cause of intestinal immunological tolerance.
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Thus, the purpose of this research was a correlation study and
histopathological description of intestinal alterations associated
with the presence of Leishmania infantum amastigotes in intestines
of dogs with canine visceral leishmaniasis.

Materials and Methods

Animals and location

Dogs for the present study were from Ilha Solteira (51° 06’ 35” O
e 20° 38’ 44” S) or Andradina (20° 53’ 38” S e 51° 23’ 170)
municipalities, which are endemic areas for CVL, located in the
northwestern region of the state of Sio Paulo, Brazil.

The dogs were divided into three experimental groups: group 1
(G1, n = 8), dogs with CVL and with amastigotes of L. infantum
in the intestine; group 2 (G2, n = 9), dogs with CVL, but without
intestinal amastigotes; and group 3 (G3, n = 3), dogs uninfected
for CVL (control group).

This study was approved by the Ethics Committee for Animal
Use (CEUA) of Sdo Paulo State University, Ilha Solteira Campus,
(FEIS-UNESP), Department of Biology and Animal Science,
under protocol no. 06/2014-CEUA.

CVL diagnosis

CVL infected dogs (G1 and G2 group)

During the epidemiological survey, dogs were diagnosed for
CVL in the Zoonosis Control Center (ZCC) of Ilha Solteira, SP,
by the following methods: (a) direct parasitological examination
of popliteal or pre-scapular lymph node aspirate stained with
Panotico staining kit (Laborclin ®), (b) immunochromatographic
test DPP® (Dual Parth Platform) as a screening test and (c) an
indirect ELISA test (Biomanguinhos kit) for confirmation.

After the confirmation of CVL, 17 symptomatic infected dogs
were spontaneously left in the ZCC by their owners for euthanasia
and they were donated by the ZCC for this work.

Then, the serological tests of these animals were repeated in
our laboratory using an indirect ELISA test and IFAT (indirect
fluorescent antibody test) according to Oliveira et al. (2008),
and molecular analysis of the blood were also performed by PCR
(polymerase chain reaction) according to standard protocol used
by Assis et al. (2010). All these tests were again positive for CVL.

In addition to the laboratorial exams, the clinical status of the
dogs were also evaluated before and after the euthanasia. For that,
each dog was examined according to the description of Feitosa et al.
(2000) for CVL. The macroscopic condition of the organs, such
as spleen, liver, kidney, lymph nodes and the intestines were also
observed and recorded during the necropsy.

These infected dogs were symptomatic for CVL due several
clinical and anatomopathological signs of the disease, including
onychogryphosis (65%), skin lesions (65%), slender (60%),
hypertrophic lymph nodes (55%), alopecia (45%), splenomegaly
(45%), hepatomegaly (25%), corneal opacity (25%) and diarrhea
(10%).
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CVL uninfected dogs (G3)

The uninfected dogs died because of traffic accidents, but
before the death, the animals were taken care in a veterinary
clinic where feces, urine, lymph node, bone marrow and blood
samples were collected for clinical, parasitological, biochemical and
serological exams. However, the results of these exams turned out
negative and the dogs had no any clinical signs of leishmaniasis.

Regarding about the biochemical exams, hepatic and renal function
of these control dogs (G3) were assessed through measurements
of alanine aminotransferase (ALT2S kit, ref 04657373); aspartate
aminotransferase (ASTL kit, ref 04,657,543); urea (UREAL
kit, ref 04657616) and creatinine (CRE]J2 kit, ref 05401755)
using the Cobas c111 system ©® Analyser (Roche Instrument
Center - SWITZERLAND, number 10276, 4528778001 cod.).
The results were compared with reference values for dogs.

Euthanasia and necropsy procedures for tissue sample
collection

The dogs with CVL were submitted to euthanasia in accordance
with Decree no. 51,838 of Brazilian Federal law, published on
March 14, 1963, which recommends that dogs infected with CVL
should be euthanized. The procedure no.1000/2012 from the
Brazilian Federal Council of Veterinary Medicine was followed for
the euthanasia. The infected dogs were euthanized and necropsied
at the Zoonosis Control Center of Ilha Solteira, SP.

After euthanasia, the abdominal cavities of dogs were opened
for examination and organs and tissues were removed. The small
intestine (duodenum, jejunum and ileum) was separated from
the large intestine (ascending colon) and 0.5 to 1 cm fragments
were collected for histopathological and immunohistochemical
procedures.

In addition, for CVL confirmation, imprinting of the organs
(spleen, liver and spleen) were also done for a direct microscopic
parasite examination in appropriate Giemsa staining. Amastigotes
of the parasites were identified in the tissues of these infected dogs.

The necropsy and tissue collection of the negative control dogs
were accomplished with similar procedures as described above.

HE stained histopathology and immunohistochemistry

The intestinal tissue samples collected from G1, G2 and G3
groups of dogs were fixed in 0.01 M phosphate-buffered 10%
formalin solution for routine histological and immunohistochemical
procedures.

The intestinal tissues were fixed and then embedded in paraffin.
Histological sections of 5 um thickness were cut and stained with
hematoxylin and eosin (HE) for histopathological examination.

The presence of amastigotes and the structural alterations were
evaluated in the mucosa, submucosa and smooth muscle layers
of the small intestine (duodenum, jejunum and ileum) and large
intestine (colon). The tissues were examined under an optical
microscope (three sections from each intestinal tissue sample).

Tissue samples from the liver, spleen and popliteal lymph nodes
were also collected, processed and stained by HE. The L. infantum
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amastigotes identified in these organs demonstrated the visceral
leishmaniasis.

For immunohistochemical analysis (TAFURI et al., 2004;
QUEIROZ etal., 2011), deparaffinized slides were hydrated and
incubated in hydrogen peroxide (Fluka Chemie AG, CH-9470
Buchs, Switzerland) to block endogenous peroxidase activity. This was
followed by incubation with normal goat serum (1:50 dilution)
to block nonspecific immunoglobulin absorption in the tissue.
Hyperimmune serum from a dog that was naturally infected with
L. infantum (ELISA and IFAT; titer = 1:2560) was used as the
primary antibody. The secondary antibody was a biotinylated
goat anti-rabbit reagent (BA-1000, Vector Laboratories, Inc.,
Burlingame, CA, USA) (canine cross-immune reaction). After
appropriate washes, the tissues were incubated with a solution of
avidin-biotin-complex peroxidase (Vectastain ABC Kit PK 6200;
Vector Laboratories Inc., Burlingame, CA, USA), followed by
incubation with the peroxidase substrate (Nova RED™ substrate
Kit SK-4800; Vector Laboratories Inc., Burlingame, CA, USA).
Finally, the slides were dehydrated, cleared, counter-stained with
Mayer’s hematoxylin and mounted with coverslips.

The tissue samples treated as described above were considered
positive when extra or intramacrophagic amastigote forms were
specifically immunostained with red/brown color in at least
one tissue section, after examination of three tissue sections
per intestinal segment (duodenum, jejunum, ileum and colon)
of each dog under an optical microscope (objective lenses of
40x or 100x). Positively immunostained amastigote profiles were
identified under the microscope and these cells were counted in
the lamina propria of the villi and the crypts, submucosa and
smooth muscle layer (tunica muscularis externa) of the intestinal
wall. Immunostained positive macrophages in the mucosal lamina
propria were counted separately for the villus and crypt regions.
Individual values for crypts and villi were combined to create
the number of immunostained positive cells per villus-crypt
unit (VCU), in accordance with the method of Miller & Jarrett
(1971). Counts of amastigotes in the submucosa (SM), and in
the circular (CM) and longitudinal (LM) smooth muscle layers,
were based on counts per layer in an area equal to the width
of the VCU located immediately between the submucosa and
the lumen, under a microscope in a 40x lens field, as described
by Starke & Oaks (2001). Ten VCU from three separate tissue
sections were used to assess positive immunostained macrophage
numbers from each region per dog.

According to the presence or absence of amastigotes in
intestinal layers, the CVL infected dogs were classified as G1 or
G2, respectively.

For cell counting, the observer was kept unaware of the parasite
status of each intestinal region, to avoid operator bias.

Scores for variables

The variables analyzed were the L. infantum parasite burden in
the intestines, clinical signs and body scores of the dogs, and macro
and microscopic structural alterations of the intestinal wall. Thus,
for comparison and correlation analysis , these variables received



v. 25, n. 1, jan.-mar. 2016

scores ranging from 1 to 4, which the score 1 was considered the
lowest and 4 the highest level for each variable analyzed.

The following variables were analyzed using the parameters
listed below:

Parasite burden (PB): The parasite burden was determined
based on the numbers of macrophages infected with amastigotes
identified according to the immunohistochemical method, through
observations on at least 100 microscopic visual fields (objective
of 40x) in the duodenum, jejunum, ileum and colon. The scores
for parasite burden were classified as follows. Negative: uninfected
dogs with tissue sections without any amastigote. Score 1 (+): low
parasite burden with 1-50 infected macrophages. Score 2 (++):
51-100 infected macrophages with moderate parasite burden;
Score 3 (+++): 101-200 infected macrophages with high parasite
burden. Score 4 (++++): more than 200 infected macrophages
with very high parasite burden.

Clinical signs (CS): Dogs without any clinical sign (Score 1);
dogs with up to three typical clinical signs of CVL, as example:
onychogryphosis, cutaneous alterations, hypertrophic lymph
nodes. (Score 2); dogs with four to six clinical signs of CVL, as
example: cutaneous alterations, weight loss, onychogryphosis,
ocular lesions, lesions at the ear tips, hypertrophic lymph nodes,
splenomegaly, pallid mucosa, etc. (Score 3); dogs with more
than six clinical signs, as exemplified above, including cachexia,
hepatosplenomegaly, renal insufficiency, etc. (Score 4).

Body score (BS): dogs with normal body mass (score 1); slightly
thin (score 2); very slim with the vertebrae visible under the
skin (score 3); cachexia, apathy, slowness of movement (score 4).

Macroscopic structural alteration (MaA): Score 1: normal
mucosa, without apparent alteration. Score 2: hemorrhage at
scattered points in the small and large intestines. Score 3: presence
of petechial hemorrhages along the intestine and increased presence
of mucus. Score 4: intense lesion in the mucosa, liquid intestinal
contents, diarrhea and sometimes bloody stools, and stools with
large amount of mucus.

Mucosal microscopic structural alteration (MiA): mucosal
microscopic alterations were examined using HE staining, as follows.
Score 1: normal mucosa, without any cellular and morphological
alteration. Score 2: cellular alteration, but with normal epithelium,
mild edema and mucosal congestion Score 3: with little disruption
of the epithelium, particularly on the tips of villi, moderate edema,
congestion or hemorrhage and thickening of the lamina propria
of the villi and crypts, along with hypertrophic Peyer’s patches.
Score 4: extensive destruction of villus epithelial layer, evident
edema, congestion and hemorrhage, flattening of villi (atrophy),
thickening of the mucosa and submucosa, presence of granulomas
and hypertrophic Peyer’s patches.

Intestinal parasitological exams

The intestinal parasitological evaluation included fecal analysis
using the following techniques (a) method of Willis (1921);
(b) method of Gordon & Whitlock (1939) using McMaster camera;
and (c) method of concentration by spontaneous sedimentation
(HOFFMAN etal., 1934). In addition, the fecal sample cultures
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with 2% potassium dichromate at room temperature for 6-10 days
were used for coccidian oocyst sporulation and identification.
The intestinal contents were also analyzed under a stereomicroscope.
Only negative dogs for co-infection with other intestinal
parasitic agents were included in this work.

Statistical analysis

The scores of the variables analyzed in this work were used
for comparison analysis and correlation using the R software,
version 3.1.1 (R CORE TEAM, 2015). The statistical test used to
comparing variables in the three groups of dogs was Kruskal-Wallis
and for multiple comparisons between the medians of each
group it was used the Bonferroni test. Correlations between the
different variables of the dogs in Group 1 (G1) were made using
the Spearman correlation test. Both tests were based on 95%
confidence intervals, such that p values < 0.05 were considered
statistically significant.

Results

Parasite burden

In this study, 85% (17/20) of the dogs were serologically and
parasitologically positive and symptomatic for CVL.

L. infantum amastigotes were seen in the intestinal wall of
47.1% (8/17) symptomatic dogs, including the lamina propria of
the mucosa (VCU), submucosa (SM) and smooth muscle (Mu).
Abundant amastigotes were detected inside hypertrophic macrophages
in the mucosa of the small intestine in the majority of the cases,
particularly in the tips of the villi. Inmunostained macrophages
containing L. infantum amastigotes were semi-quantified in tissue
sections in different intestinal wall layers (Table 1). The mucosa,
particularly of dogs numbers 1, 2 and 4, was the most intensely
infected site, with parasite loads reaching up to ++++ (score 4), in
the duodenum, jejunum, ileum or colon (Table 1). The submucosa
of all intestinal segments was infected with moderate numbers
of parasites (score 2; ++), while the circular (CM) or longitudinal
(LM) smooth muscle layers were less infected (score 1; +). Most of
the dogs were negative in the smooth muscle, particularly around
the myenteric nervous plexus, only seen in the small intestines.

According to Table 1, 50% (4/8) of the animals had amastigotes
in the duodenum and jejunum, in at least one region of the
intestinal wall (VCU, SB, CM or LM). The highest intestinal
parasite concentration was detected in the mucosa (VCU), with
scores ranging from 3 to 4 (+++ to ++++) in at least three dogs
(dogs 1, 2 and 4). The submucosa and the smooth muscle layers
of these organs were positive only in three dogs, and these had
low parasite loads (score 1; +). In addition, there were also many
amastigotes in the Peyer’s patches of the duodenum in one dog.

In the ileum, the parasite was recorded in 62.5% (5/8) of the
dogs, with abundant parasites in the lamina propria of the mucosa.
However, this was not the most intensely infected intestinal segment,
except for the mucosa of dog no. 1, which had the highest score
(score 4; ++++) for intramacrophagic amastigotes (Table 1).
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Table 1. Result of parasite burden in intestinal tissues (duodenum, jejunum, ileum and colon) from dogs infected with CVL and with intestinal
Leishmania infantum amastigote (G1 group). Ilha Solteira, SP, Brazil, 2015.

Parasite burden of Leishmania infantum amastigotes in intestinal tissues from dogs with CVL (G1)

Smooth muscle

Dogs Tissues Mucosa (villus/crypt) Submucosa Circular Longitudinal
D ++++ + N N
] 4+ + + N
01
1 et ++ + N
C e+t ++ N N
D +++ + + +
02 ] 4+ + ++ +
1 ++ + ++ +
C e+t + N N
D N N N N
] N N N N
03 1 + + N N
C N N N N
D +++ + + N
] ++ + N N
04 1 +++ ++ N N
C o+ ++ N N
D N N N N
05 ] ++ + N N
I N N N N
C ++ + N N
D N N N N
06 ] N N N N
I N N N N
C o+ N N N
D ++ ++ N N
07 ] N N N N
1 ++ ++ N N
C N N N N
D N N N N
08 ] N N N N
I N N N N
C +++ N N N

D = Duodenum; J = Jejunum; I = Ileum; C = Colon; (+): Positive; (N): Negative.

In the colon, 75% (6/8) of the dogs were positive and had
parasite load ranging from intense (score 3; +++) to very intense
(score 4; ++++). In this intestinal segment (colon), amastigotes were
observed both outside and inside macrophages, and preferentially
in the lamina propria of the mucosa near the basal region (crypt).
However, amastigotes of L. infantum were not detected in the

muscle layers of the colon.

Microscopic alterations in the intestinal mucosa with
L. infantum

By immunohistochemistry, the amastigotes of L. infantum were
identified as a brown color (Figure 1). Numerous intramacrophagic
amastigotes were seen in the lamina propria (dog no. 1) (Figure 1A, B)
and also underneath the basal lamina at the tips of the villi
(Figure 1C, D) of the ileum. A few immunostained amastigotes
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Figure 1. Histological sections from the intestine of dogs with CVL. A: (ileum) numerous macrophages filled with amastigotes of Leishmania
infantum in the lamina propria at the tips of villi (objective lens: 40x): B: higher microscopic magnification of the tips of the villi (black
arrows) showing more details of the amastigotes in the lamina propria and underneath the basal lamina of the epithelial layer (objective
lens: 100x). C and D: (jejunum) note L. infantum amastigotes (small black arrows) present in the circular and longitudinal smooth muscle
layers between the muscle fibers or inside the myenteric nervous plexus in jejunum tissues (objective lens: 100x). E: (duodenum) showing
amastigote forms (black arrows) inside Peyer’s patches (objective lens: 40x): F: higher magnification of Peyer’s patches showing more
details of the parasites (black arrows) (objective lens: 100x). V = villus; CM = circular smooth muscle; LM = longitudinal smooth muscle;
MP = myenteric nervous plexus; PP = Peyer’s patches; Staining = immunohistochemistry. Bars = 50 pm. Ilha Solteira, SP, Brazil, 2015.



30 Silva, D.T. et al.

Braz. J. Vet. Parasitol.

Figure 2. Histological sections from the intestinal tissues of dogs with CVL. A: (duodenum) note mononuclear cell infiltrate at the tips of
the epithelial layer of the villi, with moderate microvacuoles, and apical edema similar to lymphangiomatous polyps (red arrow); also note the
flactened columnar epithelial cells and the abundant lymphocytic infiltrate (black arrowhead) (objective lens: 20x). B: (duodenum) denudation
of the epithelium (blue arrowhead). C: (ileum) tips of the villi with many macrophages (black rectangle) infected with Leishmania infantum
amastigotes (objective lens: 40x). D: higher magnification of image C (objective lens: 100x) showing more details of infected macrophages
(white arrows) and lymphocytes (black arrows); also note enlarged lymphatic vessels at the tips of the villi. V' = villus; L = lymphatic vessel.

Staining: HE. Bars = 50 pm. Ilha Solteira, SP, Brazil, 2015.

were also noted in the submucosa and around the muscle fibers or
in the myenteric nervous plexus of the circular and longitudinal
smooth muscle layers of the jejunum (Figure 1C, D). In addition,
parasites were present within Peyer’s patches (Figure 1E, F).

The duodenum infected with amastigotes presented mucosal
structural alterations where the parasites were found at the highest
concentration. Dog no. 1, with a parasite load of score 4 (++++)
(Table 1), presented mononuclear cellular infiltrate at the tips
of the villi, containing microvacuoles, and apical edema similar
to lymphangiomatous polyps (Figure 2A, B), with absence of
columnar epithelial cells, including a denudation of the epithelium
at this site (Figure 2B). The submucosa of the duodenum, even
only slightly infected (score 1; +), was enlarged and showed
disorganization of the connective fibers and increased numbers of
blood vessels (arterioles). Three dogs (37.5%) presented parasites in

the smooth muscle layers of the duodenum, both in longitudinal
and in circular layers.

The jejunum had lower parasite burden than the duodenum
(Table 1). In this intestinal segment, the Brunner glands were
surrounded by infiltration not only of mononuclear cells (with
predominance of macrophages), but also of polymorph nuclear
cells. Dog no. 3 had Peyer’s patches of the jejunum and duodenum
with large hypertrophic secondary follicles, thereby suggesting that
intense activity of antibody secretion had occurred as an immune
response against parasites present inside or outside Peyer’s patches
in the intestinal mucosa.

The ileum was less infected with amastigotes than the other
intestinal segments, but two dogs were very intensely infected
(dogs 1 and 4) (Table 1). In dog 1, an abundance of parasites was
noted at the tips of the villi in many hypertrophic macrophages,
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Figure 3. Histological sections from the intestinal tissues (colon) of dogs with CVL showing intense inflammatory reaction with predominance
of mononuclear cells, particularly macrophages, lymphocytes and plasma cells, and the presence of amastigote forms of Leishmania infantum.
A: at the basal crypt (objective lens: 40x). B: higher magnification of image A (objective lens: 100x) showing greater details of the black
square (image A), with numerous amastigotes inside and outside the hypertrophic macrophages (small black arrows) and an atrophic crypt.
C: infiltration of inflammatory cells at the crypt of the mucosa and cell infiltration through the muscle mucosa and submucosa (SM) (black
rectangle) (objective lens: 20x). D: higher magnification of image C (objective lens: 100x), showing amastigote forms (small black arrows),
macrophages filled with parasites (white arrows), mononuclear cell infiltration (black arrowheads) and giant cells (red arrow). E: chronic
granulomatous inflammatory reaction in the submucosa (black square) (objective lens: 20x). F: higher magnification of image E (objective
lens: 100x), showing predominance of mononuclear cells and infected macrophages (small black arrows). M = mucosa; SM = submucosa;
VCU = villus-crypt unit; C = crypt; Mm = muscle mucosa; Staining = HE. Bars = 50 um. Ilha Solteira, SP, Brazil, 2015.
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occupying practically the entire space of the lamina propria.
The lacteal vessels of the ileum were greatly enlarged, but the
parasites were not seen inside. Some lymphocytes and plasmocytes
were also present, but the cellular inflammatory infiltrate was
basically constituted by macrophages (Figure 2C, D). Despite
the abundance of parasites observed at the tips of the villi and
even just beneath the basal lamina, the epithelial layer presented
physical integrity at these locations.

In the colon, parasites were easily detected in all dogs,
exception only for animals 3 and 7 (Table 1). In the crypts, there
were abundant mononuclear cells (macrophages), infected with
abundant parasites (Figure 3A, B). The submucosa of the colon
showed a granulomatous inflammatory reaction, represented by
mononuclear cells such as lymphocytes, plasma cells, hypertrophic
macrophages, giant cells and parasites (Figure 3C-F). In addition,
discontinuity of the muscularis mucosa was also observed in
some places, which could favor invasion of inflammatory cells
and parasites into the submucosa, or vice versa (Figure 3C, D).

Amastigotes were not seen in the smooth muscle layers of the
colon in any of the dogs examined.

Polymorphic nuclear cell (PMN) hyperplasia, mucosal
congestion, hemorrhagic areas in the intestinal wall and liquid
or bloody stools in the luminal content were observed in some
infected dogs. Hemorrhagic areas were observed in 30% (6/20)
of the tissue samples: frequently in dogs from G2 group (44.4%;
4/9) followed by the dogs from G1 (25%; 2/8). Dog no. 8 from
G1 group, which had score 3 (+++), presented hemorrhagic
areas in the mucosa, submucosa and muscle. Congestion areas
were seen in 7/9 (77.7%) dogs from G2 group, but only in 2/8
(25%) from G1 group. In contrast, a mononuclear reaction was
observed in 87.5% (7/8) of the dogs from G1, and in 55.5% (5/9)
of the dogs from G2. In G1, 87.5% (7/8) and 62.5% (5/8) of
the dogs had mononuclear cellular infiltration in the small and
large intestines, respectively.
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Most of the dogs from G1 group had no diarrhea or severe
macroscopic alterations such as hemorrhagic enteritis in the
intestinal layers of the mucosa, particularly dogs with high intestinal
Leishmania parasite loads (dogs 1, 2, 4, 6 and 9). In contrast, two
dogs (3 and 5) with hemorrhagic enteritis and diarrhea had low
intestinal parasite loads (Table 1).

Microscopic alterations in the intestinal mucosa with
L. infantum

The variables used in the comparison analyses were the clinical
signs (CS), body score (BS), macroscopic (MaA) and microscopic
structural alterations (MiA) of the intestinal wall of the duodenum,
jejunum, ileum and colon.

Comparison analyses on these variables were done with dogs
from G1, G2 and G3 groups. As shown in Table 2, except for the
variable MaA in the colon, most of the variables studied in the
dogs of G1 (with intestinal amastigotes) were statistically different
from G3 (control), both for the small intestine and for the large
intestine. In contrast, the dogs in G2 remained in an intermediate
category, except for the clinical signs, for which the dogs in G2
showed no significant difference in comparison with G1 and G3.

The MaA scores ranged from 1 to 2 in the most of cases in the
dogs from G1 group, with apparently normal intestinal walls or
slightly injured, even infected with amastigotes, while the dogs
in G2 and G3 remained with score 1. Even though the variable
MaA was mild in G1, it was significantly higher than in G3 in
the small intestine, but not in G2. However, in the colon, the
differences were not significant among these three groups.

The microscopic structural alterations (MiA) in G1 ranged from
moderate to severe with scores significantly higher in comparison
with G3 not only in the small, but also in the large intestines.
In the dogs of G2, the MiA scores ranged from mild to moderate,
but not statistically significant from G3 group (Table 2).

Table 2. Comparative analysis among dogs from G1 group (infected with CVL and with intestinal Leishmania infantum amastigotes), G2
group (infected with CVL, but without intestinal amastigotes) and G3 group (uninfected control group) in relation to different variable scores
(clinical signs variables, macro and microscopic structural alterations and corporal scores). Ilha Solteira, SB, Brazil, 2015.

Median values of score of the different variables analyzed in the dogs

Groups of Do -value
Vi Gl TR G3 Kruthal- Wallis
CS 3.25% 2.66 1.33° 0.008748
BS 3 3 1.33" 0.006429
MaA-D 22 1.44 1° 0.006085
MaA-] 2257 1.44 1° 0.00226
MaA-1 2.12¢ 1.77 ® 1°b 0.004401
MaA-C 1.87¢ 1.66* 12 0.07353
MiA-D 2.75* 2 1° 0.005496
MiA-] 2.62° 2 1° 0.01417
MiA-1 2.62* 2.3® 1°b 0.03425
MiA-C 2.87* 1.77 ® 1t 0.002115

Note: CS = clinical sign scores; BS = body scores; MaA = macroscopic structural alterations scores; MiA = microscopic structural alteration scores; D = duodenum;
g y P

J = jejunum; I = ileum; C = colon. Confidence interval of 95% (p< 0.05). Kruskal-Wallis and Bonferroni test. Different lowercase letters (a and b) significant differences

between columns at 5%.
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Table 3. Estimates of the Spearman correlation coefficient of different variables (parasite burden, clinical signs, macro and microscopic
structural alterations and corporal scores) in dogs infected with CVL and with intestinal Leishmania infantum amastigotes (G1). Ilha Solteira,

SP, Brazil, 2015.

Correlation analysis between variables

Variables Small Intestines Large Intestines General
PIx CS 0.73* 0.41 0.46
PIx BS 0.16 -0.12 0.16

PI x MaA 0.72* -0.41 0.56

PI x MiA 0.81* 0.78* 0.82*

MaA x CS 0.55 0.02 0.42

MiA x CS 0.83* 0.72* 0.83*

MaA x BS 0 0.58 0.53

MiA x BS 0.21 0 0.21

Note: PI = parasite intensity scores; CS = clinical signs scores; BS = body scores; MaA = macroscopic structural alteration scores; MiA = microscopic structural alteration

scores. Linear correlation coefficient of Spearman (rs). (*) significance of 5% (p < 0.05).

Dogs of G1 showed significant positive correlations between
intestinal parasite burden (PB) and MiA in the small intestine
(rs = 0.81; p = 0.015) and in the large intestine (rs = 0.78;
p = 0.023), meaning that when the numbers of parasites increase,
the mucosal alteration intensify (Table 3).

The correlation analysis between the clinical signs and the
PB was positive and significant (rs = 0.73; p = 0.041) in the
small intestine, but not in the large intestine (colon) (Table 3).
The clinical signs and MiA also showed positive correlations in the
small intestine (ileum) and large intestine (colon), with respective
values of rs = 0.83; p = 0.011 and rs = 0.72; p = 0.042) (Table 3).

Discussion

In the previous works, the presence of amastigotes of L. infantum
has been described in gastrointestinal tissues of dogs infected with
CVL, particularly in the mucosa of cecum and colon where the
parasites were detected in higher burden (KEENAN etal., 1984 a,
b; GONZALEZ et al., 1990; ADAMAMA-MORAITOU et al.,
2007; PINTO et al., 2011; FIGUEIREDO et al., 2013). In the
present work, macrophages containing L. infantum amastigotes
were also found in the large (colon) and in the small intestines
(duodenum, jejunum and ileum) with a mononuclear inflammatory
infiltration, represented mainly by macrophages, lymphocytes and
plasma cells in the majority of the cases of infected dogs from G1
group. The prevalence of dogs with intestinal leishmaniasis was
87.5% and 62.5%, respectively in the small and large intestine,
meaning that the small intestine walls can be similarly infected
with Leishmania amastigotes. More recently, Pinto et al. (2013)
reported one asymptomatic dog infected with CVL with high
parasite load in the duodenum and suggested the existence of
different regulatory mechanism in this intestinal segment. However,
Figueiredo et al. (2013) showed that the colon harbored more
parasites than the jejunum and the cellular expression of TLR2
(Toll Like Receptor) and IL-4 were more evidenced in colon than
in the jejunum, whileTLR9-expressing cells, IL-10 and TNF-a were
more frequent in jejunum than in colon. The authors suggested a
protective immunity against the parasite in the jejunum, but the
establishment of the disease in the colon. However, the results

should be interpreted with caution and more studies need to be
done, because the small intestines can also harbor high numbers
of parasites as we detected in this work as well as in another
publication (PINTO et al., 2013).

In the small intestines of dogs from G1 group, abundant
infected macrophages with L. infantum amastigotes occupying the
lamina propria in the tips of the villi, just below to the epithelial
layer with evident microscopic morphological alterations were
seen in the ileum of one dog. In the same dog, denudation of
the epithelium and lymphangiomatous polyps were observed at
the tips of the villi of the duodenum in association with severe
inflammatory mononuclear infiltrate and high parasite burden.
This association between lymphangiomatous polyps and intestinal
leishmaniasis was a novel feature of the present study, although
Silva et al. (2002) reported polyp like formation in the intestinal
mucosa of dogs affected by CVL.

In addition, our study showed and described the presence of
moderate amount of amastigotes of this parasite in the circular
and longitudinal smooth muscle layers (particularly associated
with the myenteric nervous plexus) of the small intestines, seen
in 37.5% (3/8) of the dogs.

In the colon, L. infantum amastigotes were seen in hypertrophic
macrophages in the lamina propria of the crypts mainly near to
the muscularis mucosa and in the submucosa. The parasites were
associated with chronic mononuclear inflammatory infiltrate
represented by lymphocytes, macrophages and giant and epithelioid
cells, in agreement with previous papers (FERRER et al., 1991;
PINTO et al., 2011, 2013). In the submucosa, a mild chronic
granulomatous inflammatory reaction represented particularly by
infected macrophages was also present in the colon in one dog.
Through the colonoscopy procedures, Adamama-Moraitou et al.
(2007) observed pyogranulomatous reactions as the most common
histological characteristic in the mucosa of the colon of dogs.

In cases of experimental infection, Gonzdlez et al. (1990)
observed a severe chronic inflammatory process in the mucosa
and submucosa of the colon and rectum of dogs. As a result,
focal micro-erosions developed in the mucosal surface, thereby
reducing the area of the large bowel available for water absorption
and causing diarrhea. Moreover, Ferrer et al. (1991) and
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Adamama-Moraitou et al. (2007) reported occurrences of erosive
and ulcerative colitis in association with severe clinical signs of
leishmaniasis in naturally infected dogs. However, in the present
work, despite enlargement of the lamina propria due to severe
inflammatory mononuclear infiltrate and intense parasite load in
dogs from G1 group, most of them presented physical integrity
of the epithelium layer, without severe morphological structural
alterations such as epithelial micro erosion or cell destruction in
the intestinal mucosa. The high parasite burden in the mucosa of
the colon with only mild pathological alterations led Pinto et al.
(2011) to suggest that L. infantum might gain advantage from the
intestinal immunoregulatory response (immunological tolerance).
Lymphocyte T regulatory cells (Tregs) could be mediating this kind
of immunoregulatory response. More recently, Figueiredo et al.
(2014) inferred that Treg (FoxP3) cell expression was not only
mediated by intestinal leishmaniasis, but may also participate in
the homeostasis of the colon under normal physiological condition.
These controversial reports indicate that still need further studies
to elucidate important immune mechanism related with this
parasite in the intestinal wall.

Chronic large bowel diarrhea is very uncommon as the
primary clinical sign of canine leishmaniasis (SLAPPENDEL,
1988). In agreement, most of the dogs from G1 group had no
diarrhea and did not show any severe histopathological alterations
in the mucosa, in spite of their high parasite load in the small or
large intestines. However, it is important to mention that two
dogs (20%) positive for intestinal amastigotes were suffering
with bloody diarrhea, but the intensity of parasite load was low.
In these two animals, we also noted a polymorphic nuclear (PMN)
cellular infiltration represented by eosinophils and neutrophils in
the intestinal wall. This was indicative of acute rather than the
chronic inflammation that was observed in the most of dogs with
high parasite burden. Diarrhea had already been reported in dogs
affected with leishmaniasis, but in these cases the animals showed
other systemic signs, including anorexia, emaciation, anemia,
lymphadenopathy and skin lesions (CHAPMAN & HANSON,
1984). Furthermore, Gonzilez et al. (1990) and Ferrer et al. (1991)
reported cases of chronic colitis and diarrhea in dogs that were
naturally infected with L. infantum. However, Ferrer et al. (1991)
questioned whether Leishmania spp caused these conditions or
whether they were incidental findings, which would be particularly
relevant if the parasite load was low. They concluded that there was no
evidence of any definitive pathogenic correlation between CVL and
chronic colitis. Corroborating this idea, Adamama-Moraitou et al.
(2007) mentioned that it is important to consider clinical signs or
inflammatory reactions that are comparable with other infections,
including bacteria or parasites (protozoa and helminths), before
making a diagnosis. However, the dogs of the present work were
not co-infected with gastrointestinal helminths or other protozoans
that could contribute for other immune cellular changes in the
lamina propria.

While dogs from G1 group had a cellular response marked mainly
by larger numbers of lymphocytes, plasma cells and macrophages,
dogs from G2 group (without parasites) had larger hemorrhagic
and congestion areas and greater predominance of PMN cells than
the dogs in G1. In contrast, Figueiredo et al. (2013) described
circulatory alterations such as hemorrhage and congestion and low
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numbers of neutrophils and eosinophils associated with a diffuse
mononuclear cellularity in the large and small intestines, only in
dogs infected with the parasite, but without statistical difference
between symptomatic and asymptomatic dogs. Toplu & Aydogan
(2011) found in the small and large intestines a mild to severe
mononuclear cell infiltrations, including eosinophils in lamina
propria and muscularis mucosa of the intestines from 77% of dogs
with CVL, but only 9% of these dogs had intestinal amastigotes.
Because of this no correlation data between histological changes
and parasite density in the intestines, Toplu & Aydogan (2011)
suggested a possible immune-complex reactions as the main reason
for chronic alterations in the intestinal tissues without the parasites.
Taken this in consideration, it could be a reason for inflammatory
reaction detected in intestinal tissues of dogs from G2 group, with
CVL, but without the amastigotes in the intestines.

The variables CS (clinical signs), BS (body score), microscopic
(MiA) and macroscopic (MaA) structural alterations of the dogs
from G1, G2 and G3 groups were used in a comparative analysis.
This analysis showed that the dogs from G1 group differed from
G3, but not from G2 group, in the majority of the variables, except
for macroscopic structural alteration of the colon, for which there
were no differences in any group.

The variable MiA in the small and large intestines ranged
from moderate to severe in the dogs of G1 and demonstrated
significant differences in comparison with G3. These results
suggested that the parasites in G1 were responsible for some of
the microscopic alterations in the intestinal mucosa. In addition,
the parasite burden of the amastigotes (G1 group) in the small
as well as in the large intestines was positively and significantly
correlated with the microscopic structural alterations (MiA)
observed in the intestinal wall of these dogs, thus providing strong
evidence that the parasites were the cause of this histopathological
finding. This variable (MiA) in the small and large intestines
was also correlated with the clinical signs of the dogs with CVL.
However, no correlations was found between the dogs with and
without detected colonic parasitism and the sex, age, or type of
diet of these animals (ADAMAMA-MORAITOU et al., 2007)
Furthermore, no correlation was also found between clinical signs
and pathological, immunological, and parasitological findings in
gastrointestinal tissues from dogs with CVL (FIGUEIREDO etal.,
2014). These positive correlation found in this work, may be
predictive that dogs with high scores for systemic clinical signs,
particularly in advanced stages of the disease can also present
amastigotes in the intestines, thereby intensifying the overall
clinical status of the disease.

However, there was no correlation between the parasite burden
and body score, demonstrating that the emaciation observed in
dogs of G1 may be much more as a result of the general systemic
clinical aspects of CVL than necessarily about the presence of
parasites in the intestinal mucosa. CVL is a chronic systemic disease
and, for that reason, immunosuppressed infected dogs are more
susceptible to other infectious agents that compromise the immune
system (GONTIJO & MELQO, 2004). These may lead the dogs
to progressive weight loss, emaciation and death, in agreement
with the idea that immunosuppression favors dissemination of the
parasite to different organs, including the intestines. Even though
the presence of the parasite in the intestine is not the determining
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factor for weight loss in dogs, it may indirectly be responsible
for exacerbation of the disease, thereby leading to microscopic
structural alterations in the intestinal mucosa that affect food
digestion and weight loss.

The dogs with intestinal amastigotes of L. infantum (G1)
showed mild macroscopic structural alterations (MaA), or even
absence of such alterations, and consequently there was no
correlation with parasite burden in the mucosa of the small and
large intestines. In addition, there was also a lack of correlation of
clinical signs with MaA, which can be explained by the fact that
macroscopic abnormalities in the intestinal mucosa, caused by the
parasite, do not always correlate with the severity of the disease.
Similarly, Ghinato et al. (2011) did not report any macroscopic
alterations in the small and large intestines in dogs with intestinal
amastigotes. In the large intestine, the correlation between parasite
burden and MaA was negative (rs = —0.41), meaning that the
lesions caused by the parasite in the mucosa were only at the
microscopic level, and thus demonstrating possible regulatory
control of the immune response in favor of the parasite. In contrast,
Adamama-Moraitou et al. (2007) found a positive correlation
only between colonic parasitism with macroscopical mucosal
lesions in the colon, probably showing that the former was closely
associated with the pathogenesis. The prevalence of Leishmania
spp. parasitism in the colonic mucosa of dogs with symptomatic
CVL, but without overt colitis implies the inclusion of intestinal
leishmaniasis in the list of differentials canine chronic colitis, at
least in endemic areas (ADAMAMA-MORAITOU etal., 2007).

Conclusions

This study recorded the L. infantum amastigotes in all layers
of the small and large intestines of dogs with CVL with greater
predominance in the lamina propria (crypts and villi) causing
mononuclear cell hyperplasia, with predominance of macrophages.
In addition, this study described the occurrence of L. infantum
amastigotes in the muscle layer of the small intestine meaning
that the parasite had free access to all layers of the intestinal tract.

The positive correlation between the intestinal parasite burdens
with microscopic structural alterations in intestinal mucosa suggests
that the parasite may be responsible for the inflammatory reactions
observed in the mucosa of these organs and could contribute
for impairing of the food digestion or the nutrients absorption
mechanism aggravating the clinical status of the dogs with CVL.

The body score not correlated with the parasite burden in the
intestine indicated that the emaciation of the animals could be
caused by other factors related with the systemic clinical aspects
of the CVL, but not necessarily with the parasite in the intestines.
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