Gomes et alSubclinical Muscle Injuries in Dogs Infected withLeishmania 108

(Leishmania) infantum chagasi. Braz J Vet Pathol, 2012, 5(3), 108-115
B raxilian I-I Vielerinars Futhabog

ISSN 1983-0246

Original Full Article

Subclinical Muscle Injuries in Dogs Infected withLeishmania
(Leishmania) infantum chagasi

Ana Amélia Domingues Gome$Marcia Dalastra LaurefifiGisela Cristiane FerratoMauro
Henrique Bueno de Camarg®enis Carvalho CostaGisele Fabrino MachadcSilvia Helena
Venturoli Perrf, Mary Marconde®

! Agricultural Science Center, Federal Universityséb Francisco Valley, Petrolina, PE, Brazil.
2 University of S&o Paulo, Medical School, Sdo Pa8R®, Brazil.
3 S&o Paulo State University, School of Veterinasdidine, Jaboticabal, S&o Paulo, Brazil.
4 S&0 Paulo State University, School of Veterinagdidine, Aracatuba, S&o Paulo, Brazil.

* Corresponding Author: Departamento de Clinica, Cirurgia e ReproducéanahiFaculdade de Medicina Veterinaria, Universiidtadual Paulista
Rua Clovis Pestana, 793. Jardim Dona Amélia, 188)0)-Aracatuba, Sdo Paulo, Brasil. Phone: +55 B8 B415,
E-mail addressmarcondes@fmva.unesp.br

Submitted July § 2012, Accepted October 92012

Abstract

Although canine visceral leishmaniasis (CVL) hasrbextensively studied, muscular damage duecsighmania
(Leishmania) infantum chagas infection remains to be fully established. The adithis study was to describe the
electromyographic and histological changes, as a&lsearch for the presence of amastigote formsighmania spp,
CD3+ T-lymphocytes, macrophages and IgG in skeletadcles of dogs with visceral leishmaniasis (MEQur muscles
(triceps brachial, extensor carpi radialis, bicémoris and gastrocnemius) from a total of 17 redlyrinfected and six
healthy dogs were used in this study. Electromyglgiaalterations such dibrillation potentials, positive sharp waves and
complex repetitive discharges were observed inleast, three muscles from all infected dogs. Myecyecrosis and
degeneration were the most frequent muscular ingagn, followed by inflammatory reaction, fibrosisd variation in
muscle fibers size. Immunohistochemistry in musaenples revealed amastigote forms in 4/17 (23.58@,in 12/17
(70.58%), CD3+ T-lymphocytes in 16/17 (94.12%) amécrophages in 17/17 (100%) dogs. Statisticallyitpes
correlation was observed between: inflammatorytmatie (p=0.0305) and CD3+ immunoreaction (p=0.030#elation to
the number of amastigote forms; inflammatory indile (p=0.0101) and macrophage immunoreaction (d27) in
relation to the amount of CD3+; and inflammatorifilirate (p=0.0044) and degeneration / necrosi€)(P801) in relation
to the presence of macrophagé3dur results suggest that different mechanisms e to the development of
myocytotoxicity, including celular and humoral immauresponses and direct muscular injury by thesgar&levertheless,
the catabolic nature of the disease can probalbrant with other factors, but cannot be incrimiuaias the only
responsible for myositis.
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Introduction (CL) is a multisystemic disease and dogs may ptesen
Visceral leishmaniasis is a zoonotic disease variable clinical signs. Most of them present pesgive

caused by a protozoan of the geheshmania, being the weight loss, anemia, pyrexia, generalized

speciesLeishmania (Leishmania) infantum chagasi the lymphadenomegaly, hepatosplenomegaly, cutaneouws), re

agent described in the Americas (33). Approximately and ocular lesions (11, 17, 20, 25, 35). Some dsihmve
500,000 human cases and 59,000 deaths are recordedecreased physical activity associated with eptsodi
every year all over the world (13). Canine leishiasis weakness, paresis, lameness, exercise intolerance,
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myalgia, arthralgia and muscular atrophy caused by
polyarthritis, polymiositis or osteomyelitis (2, 83, 32,
34).

There are some case reports of myositis in dogs Veterinary Teaching Hospital

with leishmaniasis, this disease being includedre of
the causes of inflammatory myopathies in domestic
carnivores (6, 23, 26, 34). Although histologicaida
immunohistochemical alterations involving smoothd an
skeletal muscles of dogs with VL have been desdribe
including masticatory (27), appendicular (21, 2inlra,
periocular and extra-ocular (25), cardiac (4, 22),
bronchopulmonary (4) and intestinal muscles (28g t
pathogenesis of muscular lesions has not beenlytotal
explained (23, 28).

Muscle atrophy in dogs with VL is often
attributed to the catabolic nature of the disedsk (9).
However,
histological changes observed in infected aninwrlsh as
degeneration and necrosis of myofibers, inflammator
infiltration, fibrosis and variation in size of nuls fibers
are due to an inflammatory response against thaspar
and not exclusively by a catabolic process (26, 34)

Vamvakidis et al. performing electromyography
in the masticatory and cranial tibial muscles of dsgys
with VL observed myopathy in all of them. Performin
histological analysis, the authors identified mipod
atrophy with varying degrees of necrosis, monorarcle
inflammatory infiltrate and neutrophilic vasculitin 16
dogs with, as well as in six animals without mascl
atrophy. Leishmania amastigotes were found in sixteen
(67%) dogs. Thus, the authors suggested that tiseutar
lesions in VL are caused both by the presence ef th

some studies have demonstrated that the

A total of 17 mixed-breed adult dogs, of both
sexes, aged between two and five years, naturkitigtad
by visceral leishmaniasis, were selected from the
of S&8o Paulo State
University in Aracgatuba, Northwestern Sdo Pauldesta
Brazil, an endemic area for CVL (canine visceral
leishmaniasis). The study included only dogs wibkifive
parasitological and serological diagnosis. Six thgadlogs
from the same area, serologically and parasitodigic
negative forLeishmania (Leishmania) infantum chagas,
were used as a control group. No dog in the prestenty
had antiToxoplasma gondii (9) or antiNeospora caninum
antibodies (14). The present study was approvedhby
Ethics Committee in Animal Experimentation and Aalm
Welfare (Protocol number 000842/05).
Parasitological and serological diagnosis

Diagnosis of CVL was based on the enzyme
linked immune sorbent assay (ELISA) and confirmegd b
direct observation ofLeishmania amastigote forms in
lymph nodes smears obtained by needle aspiratiopsii
and stained with a quick Romanovsky-type stain ¢feo
Ré&pidd’, Laborclirf, Pinhais, Brazil) (21).
Experimental design

All dogs were subjected to a complete physical
examination, and an electromiographic examinatiotihe
triceps brachial, extensor carpi radialis, bicegadris and
gastrocnemius muscles was performed under general
anesthesia. These muscles were chosen becauseirof th
size and ease of electrodes placemémiiscle biopsy
specimens were collected immediately after EMG from
each contralateral muscle to prevent histologitenges
due to the insertion of the needle during

parasite and as a consequence of an immune-mediate@lectromyography. In compliance to a federal lavd an

response (34). Moreover, Paciello et al.,, evalgatin
skeletal muscles of 15 dogs with VL with signgraiscle
atrophy and weight loss, detectedshmania spp., CD3 +,
CD4 + and CD8 + Iymphocytes, suggesting that
amastigotes in the muscles may act as a causingrfac
triggering an inflammatory response and that nwuscl
damage might be related to immune-mediated meamanis
associated with leishmania infection (26).

Based on the hypothesis that dogs with VL have
subclinical muscle damage and that muscular lestams
occur by the presence of the parasite in the msisuldy
an immune response, the aim of this study was sorite
the electromyographic and histological changesyalbas
search for the presence lofishmania amastigotes, CD3+
T-lymphocytes, macrophages and 1gG in four muscles
(triceps brachial, extensor carpi radialis, bicégsoris
and gastrocnemius) of 171eishmania (Leishmania)
infantum chagasi naturally infected dogsn order to better
understand the pathophysiology of the disease & th
muscular system.

Material and methods
Dogs

under the owners' signed consent, after electronaydy
Leishmania (Leishmania) infantum chagasi infected dogs
were euthanatized.

Electromyography (EMG)

Needle electromyography was perforrasihg a
portable EMG (Viking Quest -Nicolet Compass Meridia
Nicolet Biomedical Inc. - USA) with monopolar redarg
electrodes. EMG was performed on one side of thiy bo
with dogs lying in lateral recumbency.

Muscle biopsy

Muscle samples were slightly stretched on small
corks and fixed in 10 per cent neutral bufferechfalin
for 24 hours, stored for 24 hours in alcohol 70 pent,
embedded in paraffin and subjected to the routine
histological procedure. Five micrometer thick traarse
and longitudinal sections were stained with hemgiox
eosin (HE) and modified Gomori trichrome and also
subjected to immunohistochemical procedures. Degfee
muscle injury such as inflammatory infiltrate anglaoyte
necrosis and degeneration were semi quantitatively
classified from 0 to 3+, as follows: O for abseitt) for
mild alterations (small foci lesions), (2+) for nevdte
(larger, multifocal or focally extensive lesions)da(3+)
for severe (affecting mostly evaluated areas, oftatn
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coalescence among them), and subjectively compiared
healthy dogs. Muscle fibers size was also subjelstiv
compared to samples from healthy dogs.
Immunohistochemistry (IHC)

Deparaffinized slides were hydrated and
incubated in 2% hydrogen peroxide 10 vv in 0.01 BSP
pH 6.0, to block endogenous peroxidase activitypfzed
by incubation with 6% nonfat dry milk (Moli€e Nestlé —
Sao Paulo, Brasil) to block nonspecific immunoglobu
absorption to tissues. Antibodies agaibsishmania spp.
(produced in mouse by the Laboratory of Patholo§y o
Infectious Diseases, Medical School, Sdo Paulo
University), CD3+ lymphocytes (Polyclonal Rabbit tAn
Human CD3 —-Dako, CA, USA), IgG (Goat anti-dog 1gG —
Bethyl Laboratories Inc. — Montgomery, TX, USA) and
macrophages (Mouse Anti-Human Macrophages
MCA874G - AbD Serotec — Morphosys Co. — Munich,
Germany), in 1:1000, 1:120, 1:2400 and 1: 600 idihs,
respectively, were used as primary antibody. Slidese
incubated for 18 hours at 4°C in a humid chambéerA
washing in PBS, the slides were incubated with
biotinylated secondary antibody (LSAB kit - K0690 -
Dako CA, USA), washed in PBS again, and then
incubated with the streptavidin-peroxidase comtex45

Electromyography

Fibrillation potentials, positive sharp waves and
complex repetitive discharges were detected att leas
three muscles from all dogs with VL. EMG was nortimal
all dogs from control group.
Histology

The most frequent muscular injury were myocyte
degeneration and necrosis, followed by variableekgof
inflammatory response (Fig. 1A), mostly composed of
lymphocytes and plasma cells, with few macrophdges
some of the areas. Usually, it was diffusely lodaeound
muscle fibers throughout the perimysium and endamys
(Fig. 1A e 1B). There were also noted either pesiayor
endomysial fibrosis and fatty infiltration, iden¢ifl as
increased number of adipocytes within the endormysiu
(Fig. 1C) and variation in muscle fibers size (FIip).
Leishmania amastigotes were identified in HE stained
sections of some dogs. Pathological changes irclemus
from all affected dogs were similar and are presgnh
table 1. Control healthy dogs were histologicalbymal.
Immunhoistochemistry

Immunohistochemistry revealed amastigote forms
in 4/17 (23.53%), 1gG in 12/17 (70.58%), CD3+ T-
lymphocytes in 16/17 (94.12%) and macrophages Ih717

minutes at 37°C. The reaction was developed with a (100%) dogs (Table 1). Immunostainings fasishmania

diaminobenzidine (Liquid DAB + Substrate Chromogen
System — K3468 — Dako CA, USA) solution and hydroge
peroxide 10 vv. Finally, slides were dehydrate@actd,
counter-stained with Harris Hematoxylin, and modnte
with coverslips. The immunoreactivity was analyzed,
semi-quantitatively, as the average number of
immunostainings identified in five optical fieldat(400
magnification) and classified as: () absent, (Hy (1-
50), (2+) moderate (50-200) and (3+) intense ()20
Statistical Analysis

Correlation between the intensity of histologic
lesions and immunostaining fdreishmania spp., CD3+

were found inside the cytoplasm of macrophages @Ay

in areas with intense inflammatory infiltrate ineth
endomysial region. The observed CD3+ lymphocytas ha
multifocal and diffuse distribution, variable intsty,
especially in areas with inflammatory infiltrateigF2B)
and myofibril degeneration and necrosis, in
endomysial region. All muscles in which the paeasias
detected showed reactivity for CD3+, macrophage$ an
IgG. Statistically positive correlation was obsetve
between: inflammatory infiltrate (p=0.0305) and GD3
immunoreaction (p=0.0307) in relation to the numbér
amastigotes; inflammatory infiltrate (p=0.0101) and

the

lymphocytes, 1gG and macrophages was evaluated bymacrophage immunoreaction (p=0.0127) in relatioth&o

Spearman test. Differences regarding lesion intgnsi
among the four muscles were evaluated by Friediestn
Statistical analysis was performed by a commeirciall
available software program (InStat®, GraphPad Saokw
Inc., La Jolla, CA, USA). A value of p < 0.05 was
considered statistically significant.

Results
Dogs

All 17 infected dogs were presented with clinical
signs of systemic leishmaniasis, such as skin resio
lymphadenopathy, hepatosplenomegaly, weight
onychogryphosis and ocular lesions (Table 1). Qo
dogs had clinical signs of neuromuscular
characterized by paraparesifhis dog was alert, with
normal cranial nerves responses and spinal
negative serology for toxoplasmosis and neosporasd
was also routinely vaccinated against canine digégm

amount of CD3+; and inflammatory infiltrate (p=0420

and degeneration / necrosis (p<0.0001) in relatothe
presence of macrophages. There was no correlation
between: macrophages (p=0.0811) and 1gG (p=0.1i063)
relation to the presence of parasite amastigotes.
Macrophages were detected in the perimysial and
perivascular regions of all animals (Fig. 2C), whil
immunohistochemical staining for 1IgG was observed
among the inflammatory cells and perivascular areas
mainly in the endomysial region (Fig. 2D). Althouttere
was no statistical difference (p=0.064) among ther f

lossevaluated muscles for the assessed immunostainings,

biceps femoris was most affected, showing the Hghe

disorder, reactions intensity.

reflexesDiscussion

A wide variety of clinical signs were observed

among the 17 dogs; however, although most
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Figure 1. Histological sections of skeletal muscles from dogturally affected by visceral leishmaniasis. ([#fJammatory infiltrate (wide arrow) and
myocyte necrosis and degeneration (thin arrowsthé endomysium. HE. Bar: 200pum; (B) Endomysial ifadal lymphoplasmocitic inflammatory
infiltrate (arrows). HE Bar: 100um; (C) Endomysféddrosis associated to inflammatory response (vddew) and fatty infiltration (thin arrow) Bar:
100pum. Modified Gomori trichrome; (D) variationninuscle fibers size (arrows). HE Bar: 200pum.

dogs had progressive weight loss and poor body similar to the data described by Paciello et a6) (&nd
condition, only one dog (5,9%) with visceral VL éited Vamvakidis et al. (34), who identified changes 0%
signs of neuromuscular disease, characterized by (15/15) and 91.67% (22/24) of the dogs with VL,
paraparesis and muscle atrophy. Since this dogrnitad respectively. Of the four evaluated muscles, biceps
other alteration on neurologic examination except femoris showed the highest intensity of lesions and
paraparesis, and other diseases such as toxoplasmos immunostainings. This finding cannot be compared to
neosporosis and canine distemper were ruled out asprevious studies since, in those, only one skeletal
possible causes, we believe that paraparesis wastadu  appendicular muscle (26) or one appendicular anel on
intense myoatrophy. Although asymptomatic, all dogs masticatory muscle (34) were assessed.

presented electromyographic changes in, at |da%te tof Only 4/17(23.53%) dogs presented
the four tested muscles The electromyographic ~ immunoreactivity toLeishmania amastigotes, differing
abnormalities, characterized by abnormal spontameou from a previous study in which the parasite waseoked
activity in the form of fibrillation potentials, itive sharp ~ in the biceps femoris of 13/15 (86.7%) VL dogs presig
waves and complex repetitive discharges, evidethed =~ muscle weakness and atrophy (26). The only dog with

occurrence of myopathy (15, 30). Such findings waise paraparesis, —associated to electromiographic and
verified in a previous study, particularly in dogsth histological changes of the four assessed mustigsjot

muscle atrophy (34). This result suggests that the Present amastigotes in the muscles. Thus, we catatst
polymyositis in CVL may be subclinical (34). The that the parasite was the only responsible for the
histological assessment of the muscles confirmesel th development of inflammatory myopathy in the evaddat
occurrence of inflammation, degeneration and nésios ~ animals. Absence dfeishmania amastigotes in naturally
all dogs, suggesting a chronic evolution of the pathy, affected dogs with severe muscle damage were glread
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reported by other authors, who considered directaular
injury from the parasite and immune-mediated my®sit
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Leishmania amasﬁgotes in

=0k

visceral leishmasi

macrophages cytoplasm (arrows) wide picture andtirBar: 1Qum; (B) CD3 T-lymphocytes in the inflammatory focus (arrow)rBadum ; (C)
Macrophages in the inflammatory focus (arrow) B2im; (D) Immunoglobulin G in the inflammatory focuarow) Bar: 2@um. Streptavidin-biotin

peroxidase complex method.

leishmaniasis (34).

Amastigotes were always found inside
mononuclear cells, similarly to previous report$,(26,
34). According to Paciello et al. (26), the pamsg not
dispersed in the muscle fiber since real-time PORIc¢
not identify Leishmania DNA in the sarcoplasm of
myocytes.Leishmania specimens were present especially
in areas of inflammatory infiltrate with a direatreelation
between the inflammatory process intensity and the
number of parasites, as previously reported (2Ghodgh
the parasite was not identified in all muscles with
inflammatory infiltrate, the positive correlatioretiveen
the number of parasites and the inflammatory irtgns
suggests that the presence of the parasite caavaggrthe
inflammatory myopathy. Although all dogs were
serologically negative for toxoplasmosis and neosgis,
we cannot rule out the possibility of involvemehsome
other disease in the occurrence of muscle damage.

In the present study, there was also a correlation
between the intensity of the inflammatory procesd the
number of parasites in relation to the amount of3€D
lymphocytes in areas of inflammatory infiltrate.
Nevertheless, CD3+ was also verified in not paesit
muscles. Aprevious study performed dyrian hamsters
an experimental animal model of VL, demonstrateat th
hamsters infected with_. infantum develop also an
inflammatory myopathy, with mononuclear inflammator
cells composed of CD3+, CD4+ and CD8+ cells, even i
muscles without immunoreactivity toLeishmania
amastigotes (27)CD3+ molecules are present in all
subtypes of T Ilymphocytes, including T helper, T
suppressor andyd lymphocytes, and it is known that VL
symptomatic dogs develop a significant reductiorthia
number of circulating CD3+ lymphocytes, probablyaas
consequence of the recruiting of these cells to the
parasitized organs (3, 7, 24).
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Table 1 Clinical signs, histopathology (H&E) and immunsteichemistry (IHQ) forLeishmania spp., CD3+ T-
lymphocytes, macrophages and IgG in muscles dfeishmania (Leishmania) infantum chagasi naturally infected dogs

IHQ
Dogs Clinical signs H&E Leishmania CD3 + Macro IgG
spp phages
1 Progressive weight loss, lymphoplasmacytic infiltrate, myocyte ) o4 1+ )
cutaneous lesions necrosis and degeneration
2 Progressive weight loss, lymphoplasmacytic infiltrate, intense
cutaneous lesions, myocyte necrosis and degeneration, intense 1+ o4 )
lymphadenomegaly, variation in muscle fibers size
hepatosplenomegaly
3 Progressive weight loss, lymphoplasmacytic infiltrate, intense
cutaneous lesions, ocular myocyte necrosis and degeneration, - 2+ 1+ 1+
lesions, lymphadenomegaly variation in muscle fibers size
4 Progressive weight loss, lymphoplasmacytic infiltrate, myocyte
hepatosplenomegaly necrosis and degeneration, fatty infiltration, - 2+ 1+ -
intense variation in muscle fibers size
5 Progressive weight loss, oculdymphoplasmacytic infiltrate, intense
lesions, hepatosplenomegaly myocyte necrosis and degeneration, 1+ 1+ o4 1+
Leishmania spp (1+), intense variation in
muscle fibers size
6 Progressive weight loss, oculaintense lymphoplasmacytic infiltrate, intense
lesions myocyte necrosis and degeneration, intense
fibrosis,Leishmania spp (2+), intense 2 3+ 2 I
variation in muscle fibers si
7 Progressive weight loss, intense lymphoplasmacytic infiltrate, intense
cutaneous lesions, myocyte necrosis and degeneration, intense - 2+ 2+ 1+
lymphadenomegaly fibrosis
8 Progressive weight loss, lymphoplasmacytic infiltrate, myocyte
cutaneous lesions necrosis and degeneration, fibrosis, variation - 2+ 1+ 1+
lymphadenomegaly in muscle fibers size
9 Lymphadenomegaly, lymphoplasmacytic infiltrate, myocyte
hepatosplenomegaly necrosis and degeneration, fibrosis, variation - 2+ 1+ 1+
in muscle fibers size
10  Progressive weight lo lymphoplasmacytic infiltrate, fibros - 2+ 1+ -
11  Progressive weight loss, Intense lymphoplasmacytic infiltrate, intense
cutaneous lesions, decreasedmyocyte necrosis and degeneration, fibrosis, 3+ 3+ 3+ 1+
physical activity , lameness  Leishmania spp (3+)
12 Lymphadenomegaly, myocyte necrosis and degeneration, fatty
hepatosplenomegaly, infiltration, fibrosis - - 1+ 1+
onycogryphosis
13  Hepatosplenomegaly, intense lymphoplasmacytic infiltrate, intense
lymphadenomegaly, fever myocyte necrosis and degeneration, fibrosis, 2+ 1+ 2+ 1+
Leishmania spp (1+)
14  Progressive weight loss, intense myocyte necrosis and degeneration,
cutaneous lesions, fatty infiltration, fibrosis, variation in muscle - 1+ 1+ -
bronchopneumonia fibers size
15  Progressive weight loss, intense lymphoplasmacytic infiltrate, intense
paraparesis, intense muscularmyocyte necrosis and degeneration, - 2+ 1+ 2+
atrophy, onycogryphosis variation in muscle fibers size
16  Progressive weight loss, intense myocyte necrosis and degeneration, ) 1+ 1+ 14+
exfoliative dermatitis, fev: intense variation in muscle fibers ¢
17  Progressive weight loss, lymphoplasmacytic infiltrate, intense
hepatosplenomegaly myocyte necrosis and degeneration, fatty ) o4 o 14+
infiltration, intense variation in muscle fibers
size

* (-) absent; (1+) mild; (2+) moderate; (3+) severe

According to Vamvakidis et al, canine mediated origin, and in dogs with polymyositis indd by
inflammatory myopathies can be of infectious or iomae- leishmaniasis both causes may be involved, sinGewgs

Brazilian Journal of Veterinary Pathologyww.bjvp.org.br. All rights reserved 2007.



Gomes et alSubclinical Muscle Injuries in Dogs Infected withLeishmania

114

(Leishmania) infantum chagasi. Braz J Vet Pathol, 2012, 5(3), 108-115

identified in all 24 assessed animals, even ingheishout
parasites in their muscles (34). The authors stiiadthe
cross-reactivity of antibodies directed agaibaishmania
with sarcolemmal antigens, or the deposition of imm
complexes, may be mechanisms for the initial
sarcolemmal injury, which result in the leakage of
intracellular proteins from myofibres (34). Simligra
study conducted on Chagas disease confirmed tlcatlg
infiltrate into the myocardium and play a primoidiale

in tissue damage; however, the authors could not
determine the nature of the target antigens insidéneart.
The absence of parasites close to areas of déséuct
inflammatory infiltrate in infected cardiac tissseggested
that the inflammatory lesion in the heart was of
autoimmune nature, involving molecular mimicry beem
Trypanosoma cruzi B13 protein and cardiac antigens. This
cross-reaction between myosin and B13 is presenohgm
100% of the patients with chronic chagasic
cardiomyopathy and only among 14% of the
asymptomatic seropositive individuals (12). Nea3}2o
(5/17) of the dogs from the present study had n@ Ig
immunoreaction in their muscles, and a mild
immunoreactivity was observed in eleven (65%) dogs,
suggesting that, if humoral immunity is also impoitin
the development of muscular lesions, inflammaticasw
not triggered only by circulating immune complexes.

The correlation between the presence of
macrophages and the existence of inflammatorytiafé,
CD3+ cells, degeneration and necrosis of muscidaue
can be explained since, besides having phagoaoyfilats,
these cells also secrete pro inflammatory cytokiaed
tumor necrosis factor (TNF), and additionally regeisue
lesions becoming present in chronic inflammatiod am
tissues with degeneration and necrosis (16).

Although pathogenesis of muscular lesions in
VL has not been fully elucidatedur results suggest
multifactorial mechanisiincluding celular and humoral
immune responses and direct muscular injury by the
parasite Nevertheless, the catabolic nature of the disease
can probably interact with other factors, but canbe
incriminated as the only responsible for myositis.
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