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Abstract

As the bone marrow is one of the most organs affected by canine visceral leishmaniasis (CVL), samples from this are frequently
taken for parasitological tests, with occurrence of myelodysplastic changes, with consequent anemia, leukopenia, and
thrombocytopenia. Thus, this study aimed to investigate the histological and immunohistochemical changes in the bone marrow of
the femur and sternal manubrium of dogs reactive for leishmaniasis by DPP® and ELISA tests. For this, thirteen canines from the
epidemiological routine for CVL carried out by the Directorate of Zoonosis Surveillance of Goiania (DVZ), GO, Brazil, were
subjected to anatomopathological examination. 46.2% of bone marrow samples from the femur showed a higher proportion of the
red series, and 53.9% of bone marrow of the sternal manubrium evidenced a higher proportion of the red series. Also, there were
varied macrophage hyperplasia, hemosiderosis, and megakaryocytic emperipolesis. Amastigote forms of Leishmania spp. in the
bone marrow of the femur and sternal manubrium to histopathological and immunohistochemical evaluations were observed, with
good agreement them, but without difference in the parasite intensity between the bone marrow of these anatomical sites. It was
concluded that bone marrow of the femur and sternal manubrium of dogs reactive for leishmaniasis by DPP® and ELISA tests has
histological changes resulting from the disease, regardless of the parasite presence or intensity, with macrophage hyperplasia,
hemosiderosis, and emperipolesis being the main medullary changes in these animals. Also, the bone marrow of the femur and
sternal manubrium are useful anatomical sites for the diagnosis of CVL by direct methods.
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Resumo

Como a medula 6ssea ¢ um dos Orgdos mais acometidos pela leishmaniose visceral canina (LVC), amostras desta sdo
frequentemente colhidas para exames parasitologicos, sendo possivel a ocorréncia de alteragdes mielodispldsicas, com consequente
anemia, leucopenia e trombocitopenia. Assim, este estudo teve como objetivo investigar alteragdes histologicas e
imunoistoquimicas na medula dssea do fémur e manubrio esternal de cdes reativos para leishmaniose aos testes DPP® e ELISA.
Para isso, 13 caninos da rotina epidemiologica para LVC realizada pela Diretoria de Vigilancia de Zoonoses de Goiania (DVZ), GO,
Brasil, foram submetidos ao exame anatomopatologico. 46,2% e 53,9% das amostras de medula 6ssea do fémur e do mantibrio
esternal apresentaram maior propor¢do da série vermelha, respectivamente. Além disso, havia variados graus de hiperplasia
macrofagica, hemossiderose e emperipolese megacariocitica. Formas amastigotas de Leishmania spp. na medula 6ssea do fémur e
do manubrio esternal as avaliacdes histopatoldgica e imunoistoquimica foram observadas, com boa concordancia entre essas, mas
sem diferenga na intensidade parasitaria entre a medula ossea desses sitios anatdmicos. Conclui-se que a medula dssea do fémur e
do mantbrio esternal de caes reativos para leishmaniose aos testes DPP® e ELISA apresenta alteragdes histologicas decorrentes da
doenga, independente da presenga ou intensidade do parasito, sendo hiperplasia de macrofagos, hemossiderose e emperipolese as
principais alteracdes medulares nesses animais. Além disso, a medula 6ssea do fémur e do mantbrio esternal sdo uteis ao
diagnostico de LVC por métodos diretos.
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Introduction

Visceral leishmaniasis (VL) is caused by the
protozoa Leishmania infantum, occurs worldwide,
commonly in tropical and subtropical regions, and affects
animals and humans'. A total of 91,055 cases of VL were
confirmed in humans in Brazil from 1990 to 2018, with
an average of 3,140 cases per year?. In the state of Goias,
646 cases were reported during the same period, with an
average of 22.28 cases per year’. The expansion of
urbanization has led to an increase in the number of cases
of VL in Brazil and, at the same time, an increase in the
incidence of the disease in dogs of large and medium
cities**. The dog is the main reservoir of the parasite, and
the transmission occurs by the bite of an infected
phlebotomine®.

Bone marrow and lymph nodes are the most used
sites for collecting samples’ aimed at direct
parasitological diagnosis of canine visceral leishmaniasis
(CVL), especially in asymptomatic animals®’. The most
common clinical signs of the disease include
onychogryphosis, skin lesions, lymphadenomegaly,
splenomegaly, low body score®!!, and anemia’!'%12-14,
Signs such as epistaxis, increased blood clotting time,
hematuria, medullary aplasia, and thrombocytopenia are
also observed”'>16,

Bone marrow presents high parasitemia in CVL,
with no changes in the production of the white and red
series at the beginning of the infection, but a reduction in
cell production and, consequently, hematological
disorders are observed as the disease progress, resulting
from changes such as macrophage hyperplasia,
erythrocyte hypoplasia, and medullary aplasia'.
Myelodysplastic alterations have been described in
humans with VL, including anemia!®'’, triggered by the
sequestration of red cells in the spleen, pro-inflammatory
cytokines that inhibit erythropoietin synthesis, and
immunological mechanisms'.

Most studies of CVL use organs such as the
spleen, lymph node, and bone marrow for the
identification and quantification of the parasite. However,
there is one study addressing histopathological changes in
the bone marrow of dogs with the disease'é, and
comparative studies regarding the parasite intensity at
different anatomical sites of bone marrow in these
animals were not found. Thus, this study aimed to
perform histopathological and immunohistochemical
analysis of the bone marrow of the femur and sternal
manubrium of dogs reactive for leishmaniasis by Dual
Path  Platform  (DPP®) and  enzyme-linked
immunosorbent assay (ELISA) tests.

Material and methods
This research was approved by the Ethics
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Committee on the Use of Animals of the Federal
University of Goias (CEUA/UFG), Goiania, GO, Brazil,
under protocol number 061/19. Thirteen leishmaniasis
reagent dogs to the rapid immunochromatographic tests
Dual Path Platform (DDP® - Bio-Manguinhos, Rio de
Janeiro, Brazil) and ELISA, from the routine of
epidemiological surveillance for CVL, performed by the
Directorate of Zoonosis Surveillance of the Municipality
of Goiania (DVZ), GO, Brazil, were used. As
recommended by the Ministry of Health, the dogs were
euthanized after positivity to DPP® and ELISA tests and
the consent of their respective tutors, and submitted to
anatomopathological examination.

The variables sex, age, and breed were considered
for investigating the epidemiological data. Regarding
age, the animals were classified as young (up to two years
old), adults (three to seven years old), or elderly (over
eight years old). Regarding the breed, the animals were
divided into purebred and mixed-breed dogs. Variables
related to clinical signs of CVL were also considered,
including onychogryphosis, alopecia, desquamation, oral
ulcer, staining of the oral mucosa'®"” and body score
(scale from 1 to 5 points: 1- cachectic, visible ribs,
without fat cover, showing palpable bony prominences,
evident abdominal indentation with loss of muscle mass;
2 - low body score, lean animals, with palpable ribs
showing minimal fat coverage, bony prominences
palpable, abdominal indentation visible in the flank
region and minimal abdominal fat; 3 - medium body
score, ideal score, palpable ribs with small fat cover, well-
proportioned abdominal recess and minimal layer of
abdominal fat; 4 - overweight, ribs difficult to be palpated
with moderate fat coverage, minimal or absent abdominal
indentation, rounded abdomen with moderate fat
coverage, 5- obesity, difficult rib palpation, marked fat
deposits, distended abdomen with exaggerated fat
deposits, and fat deposits in the lumbar region, on the face
and limbs)?.

The animals were also classified as asymptomatic
(without clinical signs) or symptomatic (with clinical signs
compatible with CVL) according to their clinical signs?'.
Changes related to splenomegaly and lymphadenomegaly
(regional or generalized) were evaluated on the
macroscopic examination. Bone marrow samples from the
femur and sternal manubrium were collected on the
necroscopic examination and fixed in 10% neutral
buffered formalin for 48 hours®?, and, sequentially,
transferred to 70% alcoholic solution. The sternal
manubrium samples were decalcified with EDTA solution,
distilled water, and sodium hydroxide, which was not
necessary for marrow samples from the femur, which were
collected immediately after the mechanical breakage of
the bone in its extension and exposure of the marrow?.
Subsequently, all bone marrow samples were submitted to
histological processing and inclusion in paraffin®**,
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Histopathological evaluation

Paraffinized blocks with bone marrow samples
from the femur and sternal manubrium allowed preparing
5-um thick histological sections, which were stretched on
histological slides and stained with hematoxylin and
eosin (HE)?2. Histomorphological changes in the bone
marrow of the femur and sternal manubrium were
analyzed according to descriptions adapted from Momo
et al.'%, including the variables proportion of the red and
yellow series, macrophage hyperplasia (discrete,
moderate, or accentuated), macrophages with amastigote
forms of Leishmania infantum (discrete, moderate, or
accentuated), hemosiderosis, and megakaryocytic
emperipolesis.

Immunohistochemical evaluation

The immunohistochemical analysis was carried
out using 4 um histological sections placed on silanized
histological slides (StarFrost®), which were subjected to
deparaffinization in xylol and rehydration in decreasing
ethanol  concentrations. Antigenic recovery was
performed in sodium citrate buffer (pH 6.0) at 95 °C for
30 minutes in a water bath. Endogenous peroxidase was
blocked by immersing the sections in 30% hydrogen
peroxide and 1:10 distilled water for 10 minutes. The
sections were incubated in a background block reagent
(Cell Marque, Rocklin, CA) for 12 minutes at room
temperature to block nonspecific protein binding. Then,
the sections were incubated for 18 h at a temperature
between 2 and 8 °C, with polyclonal anti-Leishmania
antibody diluted to a concentration of 1: 1000 in antibody
diluent (Diamond; Cell Marque, Rocklin, CA). The
amplification of signals used the HiDef Detection HRP
Polymer System kit in two stages, with sequential
incubation of HiDef Detection™ Amplifier (Mouse and
Rabbit), followed by HiDef Detection™ HRP Polymer
Detector (HiDef Detection HRP Polymer System; Cell
Marque, Rocklin, CA). The reaction was visualized using
the DAB chromogen, according to the manufacturer’s
recommendations. The slides were counterstained with
Harris’ hematoxylin, dehydrated in absolute ethanol,
clarified in xylol, and mounted with coverslips and
synthetic resin. Two samples of canine tissue markedly
parasitized with amastigotes of Leishmania spp. were
used as positive control of the reaction, and two samples
not infected by Leishmania spp. amastigotes were used as
negative controls.

Macrophages with amastigote forms of
Leishmania spp. were counted in five fields with a higher
density of parasitized cells at 40x magnification and using
a 1-mm? optical grid and a manual cell counter for the
evaluation of parasite intensity. Subsequently, the average
number of parasitized macrophages was obtained in the
five fields for each animal, and parasite intensity scores
were assigned as follows: absent (when amastigote forms
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were not observed), discrete to moderate (0.2 to 10
parasitized macrophages), and accentuated (more than
ten parasitized macrophages)’.

Statistical analysis

Descriptive statistics were used for the variables
sex, age, breed, clinical classification, and
histomorphological changes in the bone marrow of the
femur and sternal manubrium. The Kappa non-parametric
test at the 5% significance level was used for the analysis
of agreement regarding the number of positive cases in
histopathological and immunohistochemical
examinations, followed by the application of the scores
very good (0.8 < k <1), good (0.6 < k < 0.8), moderate
(0.4 <k £0.6), fair (0.2 <k < 0.4) or poor (k <0.2) to
determine the degree of agreement between
examinations. The Mann-Whitney test at the 5%
significance level was applied to compare the parasite
intensity between the bone marrow of the femur and the
sternal manubrium. For this, Excel 2016 spreadsheets and
the R® software, version R 4.0.0, were used, including the
libraries irr (version 0.84) and stats (version 3.4.4).

Results

Among the 13 dogs reactive for leishmaniasis by
DDP® and ELISA tests included in this study, 61.5%
(n=8) were young, 23.1% (n=3) adults, and 15.4% (n=2)
elderly. Regarding sex, 69.2% (n=9) were females and
30.8% (n=4) males. Moreover, 76.9% (n=10) consisted
of purebred animals, and 23.1% (n=3) mixed-breed
animals.

The evaluation of clinical changes showed that
92.3% (n=12) of the animals had a hypocolored oral
mucosa, 76.9% (n=10) alopecia and skin desquamation,
53.9% (n=7) onychogryphosis, and 7.7% (n=1) oral ulcer.
The evaluation of body score showed that 76.9% (n=10)
of the dogs had a medium body score, 15.4% (n=2) low
body score, and 7.7% (n=1) overweight. Among the 13
animals in this study, 92.3% (n=12) were symptomatic
and 7.7% (n=1) asymptomatic. The macroscopic
evaluation showed that 100% (n=13) of the animals had
splenomegaly, 92.3% (n=12) generalized
lymphadenomegaly, and 7.7% (n=1) dog exhibited
localized lymphadenomegaly.

Histopathological evaluation

The histomorphological evaluation of bone
marrow samples from the femur showed that 46.2%
(n=6) of the dogs had a higher proportion of the red
series, 46.2% (n=6) presented a similar proportion of the
red and yellow series, and 7.7% (n=1) a higher proportion
of the yellow series (Figure 1). The evaluation of the bone
marrow of the sternal manubrium evidenced that 53.9%
(n=7) of the animals had a higher proportion of the red



Magalhdes A O et al. 2022, Cienc. Anim. Bras., V23, e-73104E

series and 46.2% (n=6) the same proportion of the red (Figure 1) and macrophages with amastigote forms of
and yellow series. The result of the evaluation of the Leishmania spp. (Figure 2) is shown in Table 1.
variables macrophage hyperplasia in the bone marrow

Table 1. Distribution of macrophage hyperplasia in the bone marrow and macrophages with amastigote forms of Leishmania spp. in
the bone marrow of the femur and the sternal manubrium, according to the intensity

Sample n D% n MY% n A%

Femur — macrophage hyperplasia (n=13) 4 30.8 3 23.1 6 46.1
Femur — macrophages with amastigotes forms of Leishmania spp. (n=8) 3 23.1 2 154 3 23.1
Sternal manubrium — macrophages hyperplasia (n=13) 5 385 6 46.1 2 154
Sternal manubrium — macrophages with amastigotes (n=4) 2 154 0 0 2 15.4
n — number of cases. Intensity: D — discrete, M — moderate, A — accentuated.

Among the bone marrow samples, 84.6% (n=11) had was observed in 92.3% (n=12) of the bone marrow samples
some degree of hemosiderosis in the femur and 15.4% (n=2) from the sternal manubrium and 53.85% (n=7) of the bone
in the sternal manubrium. Megakaryocytic emperipolesis marrow samples from the femur (Figure 1).

—
3, < ;& ‘
g
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-

Figure 1. Photomicrographs of the bone marrow of dogs reactive for leishmaniasis by DPP® and ELISA tests. A) Higher proportion of
red and B) Higher proportion of yellow, HE. C) Accentuated macrophage infiltrate (dotted area), HE. D) Megakaryocytic emperipolesis
(arrows), HE.
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Immunohistochemical evaluation

As in HE (Figure 2A), the IHC (Figure 2B)
technique presented a variety of immunostaining of the
amastigote forms of Leishmania spp. in bone marrow
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samples from the femur and sternal manubrium of dogs
reactive for leishmaniasis by DPP® and ELISA tests, with
76.9% (n=10) of immunostaining in the bone marrow of
the femur and 38.5% (n=5) in the bone marrow of the
sternal manubrium.

Figure 2. Photomicrographs of the bone marrow of the femur of dogs reactive for leishmaniasis by DPP® and ELISA tests. A)
Macrophages with amastigote forms of Leishmania spp. (arrows), HE. B) Immunostaining of amastigote forms of Leishmania spp. in

the cytoplasm of macrophages (arrows), IHC, anti-Leishmania.

The analysis of agreement of results regarding the
number of positive cases on histopathological (n=8, a
higher number of positive samples between the bone
marrow of the femur and sternal manubrium in HE) and
immunohistochemical examinations (n=10, a higher
number of samples among the bone marrow of the femur
and sternal manubrium in IHC) of the bone marrow

showed a good agreement (k=0.60; p=0.00125). The
evaluation of parasite intensity in the femur and sternal
manubrium using the IHC technique showed animals with
the scores absent, discrete to moderate, and accentuated.
The comparison of parasite intensity between the femur
and sternal manubrium presented no difference by the
immunohistochemical evaluation (p=0.18) (Table 2).

Table 2. Distribution of scores and comparison of means of parasite intensity in the bone marrow of the femur and sternal manubrium

Sample n A % n DM % n 1% Mean (p=0.18)
Femur 3 23.1 8 61.5 2 15.4 4.44*
Sternal manubrium 8 61.5 3 23.1 2 15.4 341

n — number of cases; A% — percentage of absent; DM% — percentage of discrete to moderate; 1% — percentage of intense. Values followed by the same letters in the same

column do not differ from each other.

Discussion

Most of the dogs in this study were symptomatic,
with skin changes, onychogryphosis, hypocolored
mucosa, and generalized lymphadenomegaly, which are
commonly described in CVL 141819,

All animals in this study exhibited macrophage
hyperplasia in the bone marrow of the femur and sternal
manubrium to varying degrees of intensity. This finding

was also described by Momo et al.'é, which considered
these lesions as diffuse granulomas without typical nodule
formation. However, in this study these findings were
considered hyperplastic, since the bone marrow did not
have epithelioid cells and lymphoplasmacytic infiltrate
delimited by fibrous tissue as morphological changes that
support the classification of granulomas, and as has been
widely described and characterized in the spleen®2¢ and
liver?’.
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Most of the dogs in this study presented
hypocolored mucosa and hemosiderosis in the bone
marrow. These findings have been described in cases of
CVL and related to immune-mediated anemia and
hypergammaglobulinemia, resulting from disease
progression'*!¢2 Anemia in humans with VL is justified
by several factors, including splenic enlargement,
increased  plasma volume, reticuloendothelial
hyperplasia, hemolysis, irregular erythropoiesis, and
autoimmune anemia®. In this context, it is considered that
similar mechanisms may occur in cases of CVL and end
up triggering alterations such as pale mucous membranes
and hemosiderosis, as observed in this study.

Megakaryocytic emperipolesis was also observed
in most of the bone marrow samples, characterized by the
active insertion of one cell in the cytoplasm of another,
but of non-phagocytic origin. In this case, neutrophils
were observed in the megakaryocyte cytoplasm, mainly
in the bone marrow of the sternal manubrium.
Megakaryocytic emperipolesis has been described in
cases of CVL'6*, but the cause for its occurrence is not
known for certain, and additional studies are needed to
confirm its relationship with infection by Leishmania
spp.'¢. On the other hand, this phenomenon is common in
hematolymphoid and myeloproliferative disorders?,
which have been described in cases of VL in humans, and
in other intracellular parasites such as Trypanosoma spp.,
however, there is not a defined mecanism?>33,

Histopathological evaluation allows examining
morphological changes in the bone marrow of dogs
infected with Leishmania spp. and, similar to
immunohistochemistry, it allows the visualization and
counting of the amastigote forms of the parasite**. The
results of this study showed that in the qualitative analysis
by immunohistochemistry of the bone marrow of the
femur and sternal manubrium, there is a higher number of
positive cases relative to histopathology, but with no
difference. This data contrasts with has been described in
the  literature on  the relevance of  the
immunohistochemical test in relation to the
histopathology technique to identify the amastigote forms
of Leishmania spp.'3**. In this sense, Toplu et al.'®
reported that the immunohistochemical technique is more
sensitive and specific to detect amastigotes than
cytopathology and histopathology and describe the
immunostaining of amastigotes in macrophages in the
bone marrow in cases of CVLE. Also, the good agreement
of CVL positivity to the histopathology and IHC
techniques observed in this study directs the use of both
techniques for the direct diagnosis of the disease.

As no difference was observed between the bone
marrow of the femur and sternal manubrium in terms of
parasite intensity, both organs are useful for CVL
diagnosis. In this context, Paparcone et al.” also found no
significant differences in the cellularity and the degree of
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parasitism in the bone marrow collected from different
sites for direct diagnosis of CVL, which was further
ratified by Xavier et al.!> in a comparative study of
diagnostic techniques for the disease.

Conclusions

The bone marrow of the femur and sternal
manubrium of dogs seropositive for leishmaniasis by
DPP® and ELISA tests develop histomorphological
changes as result of the disease, which do not depend on
the presence or intensity of the parasite, with macrophage
hyperplasia, hemosiderosis and emperipolesis being the
main medullary changes. In addition, the bone marrow of
the femur and the sternal manubrium comprise useful
anatomical sites for the diagnosis of CVL by direct
methods.
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