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ABSTRACT 

 
Visceral leishmaniasis (VL) is a cosmopolitan parasitic zoonosis that can promote myocarditis and heart rate 
changes in canine and human hosts. Thus, histopathological aspects of the myocardium and clinical, 
hematological, biochemical, radiological and electrocardiographic data were evaluated in a group of 36 dogs 
naturally infected with VL (VLG) and compared to data from 15 non-infected dogs (CG=Control Group). A 
prevalence of asymptomatic dogs was present in the CG (100%) and polysymptomatic dogs in the VLG (66%). 
In addition, two dogs in the VLG demonstrated systolic murmurs in the mitral valve region: one with a II/VI 
intensity and the other with a III/VI intensity. The mean values of RBC, hemoglobin and hematocrit were lower 
in dogs in VLG and were associated with higher values of total protein, total leukocytes, neutrophils, creatine 
kinase overall (CK) and the CK-MB fraction (CK-MB). The absence of radiographic changes was 
accompanied by a predominance of respiratory sinus arrhythmia associated with episodes of migratory 
pacemaker and sinus arrest in dogs in VLG (75%), sinus rhythm in dogs in CG (60%) and decreased P wave 
amplitude in VLG electrocardiography. Mononuclear cell infiltration was detected in the myocardium of 77,8% 
of dogs in GVL and classified primarily as mild multifocal lymphohistioplasmacytic. Amastigotes were 
detected in only one dog, which did not allow the association between myocarditis and parasitism, although the 
myocardial lesions that were found constitute irrefutable evidence of myocarditis in the VLG dogs, 
accompanied by lenient electrocardiographic changes compared to CG. 
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RESUMO 
 
A leishmaniose visceral (LV) é uma zoonose parasitária cosmopolita capaz de promover miocardite e 
alterações no ritmo cardíaco em cães e seres humanos. Dessa forma, os aspectos clínicos, hematimétricos, 
bioquímicos, radiográficos, eletrocardiográficos e histopatológicos do miocárdio foram avaliados em 36 cães 
naturalmente infectados com LV (GLV) e comparados a 15 cães não infectados (GC). Houve predomínio de 
cães assintomáticos no GC (100%) e polissintomáticos no GLV (66%). Dois cães do GLV apresentaram sopro 
sistólico de intensidade II/VI e III/VI, em região de foco mitral. Os valores médios de hemácia, hemoglobina e 
hematócrito foram inferiores nos cães do GLV, associados a maiores valores de proteína total, leucócitos 
totais, neutrófilos, creatinina quinase total (CK) e fração MB (CK-MB). Ausência de alterações radiográficas 
foi acompanhada de predomínio de arritmia sinusal respiratória associada a episódios de marcapasso 
migratório e sinus arrest nos cães do GLV (75%), ritmo sinusal nos cães do GC (60%) e diminuição da 
amplitude da onda P no GLV à eletrocardiografia. Infiltrado inflamatório mononuclear foi detectado no 
miocárdio de 77,8% dos cães do GLV, classificados, em sua maioria, como linfoistioplasmocitário multifocal 
leve. A forma amastigota foi detectada em apenas um cão, não permitindo a associação entre a miocardite e a 
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parasitose, ainda que as lesões miocárdicas encontradas constituam prova irrefutável da miocardite nos cães 
do GLV, acompanhadas por alterações eletrocardiográficas brandas em comparação ao GC. 
 
Palavras-chave: eletrocardiografia, Leishmania sp., leishmaniose visceral, caninos 
 

INTRODUCTION 
 

Visceral leishmaniasis is a zoonotic disease 
caused by the flagellate protozoan parasite 
Leishmania sp. In Brazil, the disease is 
considered to be endemic in 21 states in the 
Federation (Ministry of Health, 2006), which 
collectively cover much of the national territory. 
VL is transmitted by the bite of insects called 
Phlebotominae, which belong to the genus 
Lutzomyia sp. and are considered the 
intermediate hosts (Monteiro et al., 2005). This 
parasite is suitable for many definitive hosts, but 
only canines are considered natural hosts and 
reservoirs of the disease (Xavier et al., 2006). 
 

In dogs, VL has nonspecific and variable clinical 
signs, which results in asymptomatic or mildly 
polysymptomatic animals, because one or more 
organ systems may be affected (Mancianti et al., 
1988). Myocardial injury characterized by 
lymphocytic infiltration, necrosis and the 
presence of the amastigote form of the parasite in 
the myocardium were recently reported in dogs 
with VL, but were not associated with clinically 
relevant changes (Rosa et al., 2013). Reports of 
dogs with VL that show mononuclear 
myocarditis, necrotizing vasculitis and 
pericarditis (Silva et al., 2009; Alves et al., 
2010), and increased activity of the serum 
biomarkers CK, CK-MB (Medeiros et al., 2011) 
and serum troponin I (cTnI) (Silvestrini et al, 
2012) reinforce the hypothesis of cardiac injury 
associated with this parasite, but do not clarify 
the hypothesis of possible clinical consequences 
related to myocarditis.  
 

However, the electrocardiographic assessment of 
105 dogs with VL demonstrated the occurrence 
of sinus arrest (14.3%), premature atrial 
complexes (4.8%) and right bundle branch block 
(4.8%) (Sousa et al., 2013), which suggests the 
possible influence of myocarditis on these 
parameters. Likewise, the suppression of R wave 
millivoltage associated with atrophy and the 
degeneration of cardiomyocytes was reported in 
a dog with VL (López-Peña et al., 2009), as was 
first degree atrioventricular block and ST 
segment depression accompanied by myocarditis 

and necrotizing polyarteritis of the right atrium 
(Torrent et al., 2005). 
 

Therefore, to verify the hypothesis of myocardial 
injury associated with clinical cardiovascular 
changes in dogs with VL, the aim of the present 
prospective study was to compare the general 
physical, hematological, serum biochemical  
(CK, MB-CK and cTnI), radiographic, 
electrocardiographic and myocardium-related 
histopathological features in dogs naturally 
infected by Leishmania sp. 
 

MATERIALS AND METHODS 
 

Fifty-one dogs assessed in a Veterinary Hospital 
of Pampa Federal University (Brazil) were 
included in the study, as was previously 
approved by the Ethics Committee on 
Institutional Animal Use (protocol 016/2012). 
All of the animals were tested for VL by indirect 
immunofluorescence assay (IFA) and enzyme 
linked immunosorbent assay (ELISA), and 
considered to be seropositive if the IFA showed a 
titration greater than or equal to 1:40 and if the 
ELISA test showed a positive reaction. The 
control group (CG) consisted of 15 clinically 
healthy dogs (5 males and 10 females) that tested 
seronegative for VL. The dogs in the CG ranged 
in age from 1 to 8 years old and had a mean body 
weight of 18.31±10.07kg. The Visceral 
Leishmaniasis group (VLG) was composed of 36 
dogs that tested seropositive for VL (by natural 
infection). The 36 dogs in the VLG included 22 
males and 14 females between 1 and 7 years old 
with a mean body weight of 15.25±8,047kg. 
 

Each dog in this study was subjected to general 
physical examination, complete blood counts, 
serum biochemistry (CK, MB-CK and cTnI), 
thoracic radiography and electrocardiography. 
However, only the VLG dogs were subjected to 
post mortem histopathological examination of 
the myocardium because the CG dogs were not 
euthanized. On physical examination, the 
animals were classified into asymptomatic, 
mildly symptomatic and polysymptomatic 
(Mancianti et al., 1988).  
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Blood samples were collected by jugular 
venipuncture and suitably stored in vials 
containing tetraacetic acid for the assessment of 
hematological parameters according to Rebar 
et.al. (2003). Serum samples were obtained by 
the centrifugation of whole blood without an 
anticoagulant. The serum samples were used to 
measure the enzymatic activity of CK and MB-
CK by the kinetic enzymatic method using 
spectrophotometer absorbance with 2 
commercial kits: KC-NAC Liquiform (for CK) 
and KC-MB Liquiform (for MB-CK) (Labtest 
Diagnóstica SA, Brazil). The serum was also 
analyzed to measure cTnI using the 
immunochromatographic method with the 
commercial kit Troponin I – K085 (Bioclin, 
Brazil). 
 
The cardiac silhouette was assessed by 
radiography of the chest region in right lateral 
and ventrodorsal views. In the lateral view, the 
transversal and longitudinal axes of the cardiac 
silhouette were measured to obtain the vertebral 
heart scale (Buchanan and Bucheler, 1995). In 
addition, radiographic patterns of increased atrial 
and ventricular cardiac chambers were evaluated 
qualitatively (Ware, 2006).  
 
Electrocardiographic examination was performed 
in a frontal plane with the animals placed in right 
lateral recumbency without the use of sedation or 
anesthesia (Tilley, 1992). A computer-based 
electrocardiogram (Módulo ECG digital, 
Micromed®, Brazil) was obtained with bipolar 
leads I, II and III and unipolar leads aVF, aVL 
and aVR. The following electrocardiographic 
parameters were recorded and measured with the 
appropriate software (Wincardio, Micromed®, 
Brazil) using lead II with sensitivity set at N 
(1cm=1mV) and speed set at 25mm/s: heart rate 
and rhythm; duration and amplitude of the P 
waves; duration of the QRS complex; amplitude 
of the R waves; PR and QT interval duration; 
mean electrical axis; and the level of the ST 
segment.  
 
VLG dogs were euthanized in accordance with 
the ethical and legal principles set out in the 
Brazilian Manual of Surveillance and Control of 
Leishmaniasis, Department of Epidemiological 
Surveillance of the Ministry of Health (Ministry 
of Health, 2006). Histopathological examinations 
were performed on myocardial fragments that 
had been fixed in 10% formalin, embedded in 

paraffin, sectioned at 3μm and stained with 
hematoxylin-eosin (HE). Three regions of the 
heart of each VLG dog were analyzed and  called 
region 1 (the longitudinal free wall of the left 
heart, which included a portion of the left atrium 
and ventricle), region 2 (the longitudinal free 
wall of the right heart, which included a portion 
of the atrium and right ventricle) and region 3 
(the cross “T”, which encompassed the left 
ventricle, right ventricle and interventricular 
septum). 
 
A qualitative assessment of these histological 
regions considered the integrity of the cardiac 
muscular fibers and the presence or absence of 
inflammatory infiltrate and/or amastigotes of 
intra-lesional Leishmania sp.. Lesion severity 
was classified using a scale of 5 degrees, ranging 
from mild to severe, as described by Alves et al. 
(2010). 
 
Quantitative electrocardiographic, radiographic, 
hematological and biochemical serum variables 
were subjected to analysis of variance 
(ANOVA), and the averages of the CG and VLG 
groups were compared using unpaired T test 
(P<0.05) (Graphpad Prism® v.5.04, GraphPad 
Software Inc., USA). A test of proportions 
(P˂0.05) was used to compare the percentage of 
cardiac rhythms found in the CG versus the 
percentage found in the VLG (Minitab® v.15, 
Minitab Inc., USA). Histopathological changes 
were described by the rate at which they 
occurred and their severity and were then 
correlated with biomarkers of myocardial 
injuries using the Pearson test (r) (Graphpad 
Prism® v.5.04, GraphPad Software Inc., USA). 
 

RESULTS 
 
During the physical assessment, 100% (n=15) of 
the CG dogs and 8.3% (n=3) of the VLG dogs 
were classified as asymptomatic, whereas 66.6% 
(n=24) and 25% (n=9) of the VLG dogs were 
classified as polysymptomatic and mildly 
symptomatic, respectively. Among the clinical 
signs observed in polysymptomatic and mildly 
symptomatic VLG dogs were lymphadenopathy 
(96.9%) and signs related to the integumentary 
system (83.3%, n=30) (Table 1). In addition, two 
female mixed-breed dogs in the VLG group 
showed mitral systolic murmurs (grade II and 
III/VI) during the general physical examination.  
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The means of the hematological variables of 
hematocrit, hemoglobin and total number of red 
blood cells were lower in VLG than in CG 
(P<0.05), but the average values of total plasma 
protein (TPP), total leukocytes and neutrophils 
were higher in the VLG group when compared to 
CG (P<0.05), as shown in Table 2. The average 
serum activity of CK and MB-CK was higher in 
VLG dogs compared to the values of CG dogs 
(Table 2).The serum activity of cTnI was 
measured in only 4 VLG dogs, making it 
impossible to compare the VLG and the CG 
based on this variable. 
 

No differences in radiographic vertebral heart 
score averages (p=0.1228) were found between 
CG (10.13±0.67 vertebrae) and VLG (9.76±0.78 
vertebrae). Furthermore, no changes in the 
cardiac silhouette that would suggest a 

qualitative increase of the cardiac chambers were 
observed in either of the studied groups. 
 

Table 1. Percentage of occurrence of clinical 
alterations observed in symptomatic animals 
GLV 
Clinical alterations n GLV 

(%) 
Generalized lymphadenopathy 32 96.9 
Dried seborrhea 23 69.7 
Skin ulcers and crusts 21 63.6 
Onychogryphosis 19 57.6 
Purulent ocular secretion 19 57.6 
Hypotrichosis 15 45.5 
Alopecia 12 36.4 
Hyperkeratosis 9 27.3 
Moderate dehydration 7 21.2 
Pale mucosa 7 21.2 
Mild dehydration 5 15.1 
 

 

Table 2. Mean and standard deviation of hematological and biochemical variables evaluated, in animals 
from the visceral leishmaniasis group (VLG) and control group (CG) 
Hematological variables VLG (n=36) CG (n=15) P 
Hematocrit (%) 25.36±7.337 43.40±3.906 ˂0.0001 
Hemoglobin (g/dl) 8.419±2.446 14.43±1.292 ˂0.0001 
Red blood cells (μL) 3.821±1.084 6.434±0.8695 ˂0.0001 
MCV (fL) 66.32±7.224 68.11±8.057 0.4369 
MCHC (%)  33.16±0.1317 33.43±1.793 0.3640 
TPP (g/dl) 10.33±1.396  8.293±0.5898 ˂0.0001 
Total leukocytes (μL) 19150±12140 10910±5306 0.0151 
Neutrophils (μL) 14920±9848 6694±2992 0.0027 
Lymphocytes (μL) 1879±1730 1799±950.7 0.8681 
Monocytes (μL) 1540±1363 907.7±610.7 0.0930 
Eosinophils (μL) 992.7±1353 1257±2247 0.6250 
CK (U/L) 128.2±59.26  80.79±66.49 0.0153 
CK-MB (U/L) 450.9±318.8 196.1±75.73 0.0038 
% = percentage, g/dl= grams per deciliter, μL = microliters, fL = fentolitros, VCM = mean corpuscular volume, 
MCHC = mean corpuscular hemoglobin concentration, TPP = total plasma protein, U/L = units per liter. 
 

In electrocardiography, VLG dogs showed a 
higher prevalence (75%, n=27) of respiratory 
sinus arrhythmia (RSA) compared to CG dogs 
(40%, N=6), as confirmed by the test of 
proportions (p=0.016). In addition, a higher 
prevalence of sinus rhythm was observed in the 
CG (60%, N=9) compared to the VLG (25%, 
n=9) (p=0.016). Isolated episodes of sinus arrest 
and migratory pacemaker associated with RSA 
were detected in three and two VLG dogs, 
respectively. The mean amplitude of the P wave 
was lower in the VLG than in the CG (p=0.008), 
as shown in table 3. 
 

Mononuclear inflammatory infiltrate was 
observed in the histopathology of 77.8% (n=28) 
of VLG dogs. The infiltrate was predominantly 
lymphohistioplasmacytic and characterized by 

mild intensity (Fig. 1A, Table 4). Of the 28 
affected animals, 85.7% (n=24) had myocardial 
inflammatory infiltrate, with 39.3% (n=11) 
showing infiltrate in the epicardium and 14.3% 
(n=4) showing infiltrate in the endocardium. The 
distribution of these lesions ranged from focal 
(25%, n=7) to focally extensive (10.7%, n=3) 
and multifocal (64.3%, n=18). Focal myocardial 
fibrosis and mild necrotizing subepicardial 
vasculitis (Fig. 1B) were detected in addition to 
the inflammatory infiltrate in two and four dogs, 
respectively. The presence of intracytoplasmic 
amastigotes of Leishmania sp. was confirmed in 
only one animal (Fig. 1C). No correlation was 
found between the intensity of histological 
lesions and the serum concentration of CK-MB 
(r= 0.2321, slope=80.77±66.40).  
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Table 3. Mean and standard deviation of the evaluated electrocardiographic parameters in groups of 
visceral leishmaniasis (VLG) and control (CG) 
Electrocardiographic parameters VLG CG P 
P wave (s) 0.037 ± 0.004 0.038 ± 0.003 0.7943 
P wave (mV) 0.152±0.060 0.202 ± 0.050 0.0080 
PR interval (s) 0.111 ± 0.110 0.091 ± 0.015 0.4962 
QRS complex (s) 0.053 ± 0.004 0.053 ± 0.004 0.9839 
R wave (mV) 1.46 ± 0.469 1.62 ± 0.651 0.3478 
QT interval (s) 0.193 ± 0.023 0.205 ± 0.022 0.1257 
EEM (º) +69.53 ± 17.690 +71.53 ± 17.800 0.7142 
Heart rate (bpm) 123.3 ± 18.670 117.7 ± 24.120 0.3723 
s = seconds, mV = milivoltagem, EEM = mean electrical axis, bpm = beats per minute. 
 
Table 4. Percentage of occurrence of histopathological lesions in the myocardium of GLV dogs, classified 
according to the characteristic of the inflammatory infiltrate and its intensity 
Characteristic of the 
inflammatory infiltrate 

 Intensidade do infiltrado inflamatório (%) 
Discrete Mild Moderate Moderate to 

severe 
Severe No 

alteration 
Total 

Lymphohistioplasmacytic 13.9 27.8 5.5 2.8 - - 50 
Lymphohistiocytic 2.8 - - - - - 2.8 
Lymphoplasmocytic 11.1 8.3 - - - - 19.4 
Mixed - 2.8 - - - - 2.8 
Plasma cells 2.8 - - - - - 2.8 
No inflammatory infiltrate - - - - - 22.2 22.2 
Total 30.6 38.9 5.5 2.8 0 22.2 100 
 

DISCUSSION 
 

In the present study there was a higher 
prevalence of polysymptomatic dogs and mildly 
symptomatic dogs in the VLG. This outcome 
diverges from information reported by Barcelos 
(2009), in which 57,1% (n=16) of VL dogs from 
the Rio de Janeiro region were classified as 
asymptomatic. However, mildly symptomatic 
and polysymptomatic dogs were observed at a 
frequency of 17.1% (n=7) and 73.2% (n=30), 
respectively, in a serological survey in the  
region of the state of Mato Grosso (Barcelos, 
2009). In addition, mildly symptomatic and 
polysymptomatic dogs were seen at a rate of 
50% and 47.2%, respectively, in the cases treated 
at a São Paulo State University Veterinary 
Hospital (Sonoda, 2007). It is believed that such 
variations may be related to the different species 
of Leishmania involved, the immunity of the host 
and host-parasite interaction (Mancianti et al., 
1988). Nevertheless, it is possible that the canine 
population evaluated in the present study 
influenced the results to the extent that it is 
believed that asymptomatic dogs are 

underrepresented in the hospital environment, as 
was similarly observed by Sonoda (2007). 
Enlarged lymph nodes and integumentary signs 
were the most prevalent clinical findings for 
VLG dogs in this study, as also reported by 
Costa-Val et.al. (2007) and Alves et.al. (2010).  
 
Although heart murmur is a nonspecific clinical 
sign and has not been identified previously in VL 
dogs, a study of children and adolescents with 
the disease reported the detection of a systolic 
murmur in 35.9% (n=28) of patients 
(Diamantino, 2010). Neither of the two dogs in 
the present study that demonstrated a heart 
murmur showed any macroscopic or histological 
evidence of endocarditis, myxomatous valvular 
degeneration or congenital malformation of the 
mitral valve apparatus that would justify this 
clinical sign, which suggests a murmur that is 
hemodynamic in origin, caused by decreased 
blood viscosity secondary to the observed 
hematological changes. However, further studies 
must be conducted to confirm the prevalence of 
this clinical change and to determine its source. 
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Figure 1. Myocardium of a dog from the Visceral Leishmaniasis group (VLG). Figure 1A. Discrete, focal 
lymphocytic inflammatory infiltration. HE, Bar = 50µm. Figure 1B. Artery with marked 
lymphohistioplasmacytic and neutrophilic vasculitis in the myocardium. The blood vessel is obliterated 
by intense inflammatory infiltrate. Bar = 200µm. Figure 1C. Presence of basophilic spherical structures in 
a macrophage cytoplasm, compatible with amastigotes of Leishmania sp. (arrow). HE, Bar = 20µm. 
 
The normocytic normochromic anemia observed 
in VLG dogs seems to be a common clinical 
finding in both dogs (López-Peña et al., 2009; 
Alves et al., 2010) and human beings with VL 
(Diamantino, 2010). Although the cellular 
mechanism of anemia has not been investigated 
in this study, evidence of the suppression of 
erythrocyte production in the bone marrow 
(Costa-Val et al., 2007) and splenic sequestration 
of erythrocytes (Luna et al. 2000) has been 
observed in dogs with VL. 
 
However, contrary to the information obtained in 
the present study, neutrophilic leukocytosis was 
observed in only 21.5% of dogs with VL, while 
9.5% of dogs with VL demonstrated leukopenia 
and 60% of dogs with VL showed no change in 
neutrophil count (Costa-Val et al., 2007). In 
children and adolescents naturally infected with 
VL, Diamantino (2010) verified leukopenia in 
70.5% of cases, which was accompanied by 
neutropenia in 6.9% of cases. According to 
Mancianti et al. (1988), the host-parasite 
interaction may result in different clinical 
responses, which would explain the different 
responses observed. However, it is believed that  

hyperproteinemia in VLG dogs, as observed by 
Torrent et al. (2005) and Silvestrini et al. (2012), 
is due to hypergammaglobulinemia (Freitas et 
al., 2012), which in turn is due to a polyclonal 
lymphocyte response caused by the infection 
(Reis et al., 2009). 
 
The higher serum activity of CK and MB-CK in 
VLG compared to CG suggests the occurrence of 
hypoxia and or cardiomyocyte necrosis 
(Yonezawa et al., 2009) in dogs infected with 
VL, as already observed by other authors 
(Medeiros et al., 2011). However, there was no 
histopathological evidence of myocardial 
necrosis in the histological regions evaluated in 
the present study, which suggests that neither 
hypoxia nor myocardial necrosis in the areas 
assessed was responsible for the elevated serum 
activity of these biomarkers. Contrary to 
expectations, the activity of individual and mean 
serum activity of the CK-MB was higher than the 
total CK enzyme activity in both evaluated 
groups. One of the limitations of this analysis 
was that the measurements of serum activities of 
these enzymes (CK and MB-CK) were 
performed in different laboratories, which 

1A 1B 

1C 
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suggests that the differences observed may arise 
from the different techniques used, such as 
protein denaturation performed for different 
amounts of time, which may have influenced the 
outcomes. 
 
In addition, cTnI is a useful and specific tool in 
the detection of myocardial necrosis in dogs 
(Yonezawa et al., 2009) when in concentrations 
greater than the normal limit of 0.02 ng/mL 
(Sleeper et al., 2001) or 0.03 ng/mL (Oyama & 
Solter, 2004). Although the elevation of this 
variable has been observed in dogs with VL 
(Silvestrini et al., 2012), it was not possible to 
verify this information in the present study 
because the technique used can only read values 
above 0.2 ng/mL, which resulted in the detection 
of cTnI in only four VLG dogs (0.2474± 0.1524 
ng/mL). Although myocardial necrosis is 
suggested for these four dogs, the wide margin 
between the normal range and the minimum 
concentration measured by this technique may 
have hidden elevated cTnI in dogs from both the 
CG and the VLG, thus preventing a comparison 
between these two groups or the suggestion that 
the occurrence of myocardial necrosis is caused 
by infection with VL.  
 
Regarding radiographic evaluation, no 
differences were observed in the qualitative or 
quantitative cardiac silhouettes of dogs from CG 
or VLG, which suggests that VL has no 
influence on the cardiac silhouette that can be 
detected with this diagnostic imaging tool. 
Although qualitative analysis can be influenced 
by the experience of the evaluator, the anatomic 
conformation of the thorax and the size of the 
animal (Ware 2006), as well as the use of the 
quantitative method in this study provided 
greater reliability regarding the comparison of 
the two groups. Similar studies in dogs that 
might have allowed for a fuller discussion of 
these observations were not found during the 
time period in which this study was conducted.  
However, similar results have been reported in 
children and adolescents with VL (Diamantino, 
2010), which reinforces the hypothesis of non-
occurrence of cardiomegaly of any cardiac 
chamber that is secondary to this infection.  
 
The electrocardiographic evaluation detected a 
higher occurrence of isolated events of sinus 
arrest associated with RSA in VLG dogs (8.3%). 
This phenomenon was also observed in 14.3% of 

the 105 dogs with VL that were evaluated by 
Sousa et al. (2013). First-degree atrioventricular 
block (Torrent et al., 2005), right bundle branch 
block and premature atrial contractions (Sousa et 
al., 2013) were also detected in dogs with VL, 
which diverges from the findings of the present 
study. Although sinus arrest is considered a 
physiological rhythm in some dogs, it may be 
associated with increased vagal tone, electrolyte 
imbalance, cervical neoplasia and pathologies 
involving the region of the atrial sinus node 
(Tilley, 1992). In the present study, no 
correlation was found between the intensity of 
the inflammation of the myocardial regions and 
the occurrence of episodes of sinus arrest or 
RSA. However, atrial myocarditis was already 
associated with sinus arrest (Woolley, 2007) and 
right atrium predisposal to more severe 
lymphocytic infiltration of dogs with VL was 
reported (Rosa et al., 2013). In this study, the 
regions used for histological evaluation of the 
atria of dogs from the VLG did not permit 
analysis of the sinus node. Accordingly, the 
possibility of myocarditis being involved in the 
electrocardiographic differences detected 
between the groups was not ruled out. 
 
Likewise, atrial myocarditis  may explain the 
lower average amplitude of the P wave found in 
VLG dogs because that would result in a 
decrease in the total number of atrial cells and a 
consequent reduction in the depolarizing 
millivoltage captured in the body surface by 
means of an electrocardiogram (Tilley, 1992). 
However, lower P wave amplitude is not a 
constant finding in studies involving dogs with 
VL, which reported suppression of R wave 
millivoltage (López-Peña et al., 2009) and longer 
duration of the P wave and QRS complex (Sousa 
et al., 2013). In the present study, all 
electrocardiographic variables remained within 
normal range for the species, but the differences 
between the CG and VLG groups suggest that 
atrial lesions may result in a decrease in P wave 
amplitude. 
 
Microscopic changes were present in at  
least one of the regions subject to histological 
analysis in 77.8% of the dogs studied, while 
other authors have described this finding in 
100% of dogs with VL (Rosa et al., 2013). The 
inflammatory infiltrate was predominantly 
lymphohistioplasmacytic, similar to the findings 
described by Alves et al. (2010), López-Peña et 
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al. (2009) and Silva et al. (2009). Lymphocytic 
infiltration was observed in 22.2% of dogs in 
VLG, although other researchers have reported a 
higher prevalence of lymphocytic infiltration 
(Rosa et al., 2013). Although mild infiltrate is 
the most consistent finding, mild to moderate 
intensities were observed in dogs tested in the 
present study while other studies have reported 
intensities ranging from mild to moderate (Alves 
et al., 2010), moderate to severe (Silva et al., 
2009), intense (López-Peña et al., 2009) and 
mild to intense (Rosa et al., 2013). Likewise, 
there does not seem  to be a consensus in the 
literature regarding the predominant location of 
the infiltrate. Specifically, the myocardium and 
pericardium regions were the predominant 
locations of infiltrate in dogs in the VLG, as well 
as those studied by Alves et al. (2010) and Silva 
et al. (2009), although the endocardial and 
subepicardial regions have also been noted (Rosa 
et al., 2013). 
 
In the present study, it was not possible to relate 
myocarditis to direct injury by the parasite, 
because the amastigote form was found in the 
histopathology of the myocardium in only one 
dog. However, Rosa et al. (2013) detected 
Leishmania sp. in 20 of 30 dogs studied by 
immunohistochemistry and positively correlated 
this finding with the degree of the severity of 
parasitic inflammation. In addition, the vascular 
lesions observed in the present study, which were 
also mentioned by other authors (Torrent et al., 
2005; Rosa et al., 2013), may suggest an indirect 
mechanism of myocardial injury exacerbated by 
the formation and deposition of immune 
complexes (hypersensitivity type III) in the 
vascular endothelium, which results in the 
activation of the inflammatory cell response 
(hypersensitivity type IV) and tissue damage 
(Torrent et al., 2005; Rosa et al., 2013). 
However, further studies should be conducted to 
confirm the hypothesis of direct and indirect 
sources of myocarditis associated with VL in 
dogs. 
 
Other histological lesions not identified in the 
present study that were described in VL dogs 
include hyaline degeneration of myocardial 
fibers (Alves et.al., 2010), cardiomyocyte 
necrosis (López-Peña et.al., 2009; Alves et.al., 
2010; Rosa et al., 2013), increased interstitial 
collagen and coagulation necrosis in the right 
atrium and ventricle (Rosa et al., 2013) and 

cardiac muscle fiber atrophy (López-Peña  
et.al., 2009). These findings highlight  
both the complexity of the injuries promoted  
by this infection and the need for further research 
in this area. Possibly, the use of long  
term electrocardiographic (Holter) and 
immunohistochemical analysis could elucidate 
the cardiovascular effects of this infection. 
 

CONCLUSIONS 

 
Nonetheless, under the conditions in which the 
present study was conducted, it was determined 
that, when compared to the CG, dogs from the 
VLG showed polysymptomatic clinical features 
(characterized by a predominance of enlarged 
lymph nodes and skin changes) that were 
associated with (1) normocytic normochromic 
anemia; (2) leukocytosis with neutrophilia; (3) 
elevated serum activity of CK and MB-CK; and 
(4) a higher incidence of respiratory sinus 
arrhythmia and episodes of migratory pacemaker 
and sinus arrest. All of these findings were 
accompanied by primarily mild, multifocal 
myocarditis and inflammatory 
lymphohistioplasmacytic infiltrate. 
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