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Abstract 

 

 Canine visceral leishmaniasis, a systemic and chronic zoonosis, is caused in Brazil by the protozoan 

Leishmania chagasi, a widely accepted synonym for Leishmania infantum. The agent and disease has recently arrived 

in Uberlândia city, Minas Gerais, Brazil. In this research, hematological parameters and gross lesions of dogs with 

visceral leishmaniasis were compared, to highlight aspects of disease in a recent outbreak. For this purpose forty 

mongrel dogs from Uberlândia seroreagents by ELISA and RIFI tests were selected. Animals were categorized as 

asymptomatic,(AS); oligosympytomatic (OS) and symptomatic (SS). Blood samples were collected and dogs were 

euthanized according to Brazilian Federal rules. Animals were then submitted to standard necropsy procedures at 

Veterinary Pathology sector of the Federal University of Uberlândia. Most prominent alterations were of observed in 

respiratory and integumentary systems, with pilose rarefaction (OS: 41.7%, SS: 60.1%), specially periocular (OS: 25.0 

%, SS: 26.1%) and thoracic/pelvic members (OS: 25.0%, SS: 30.4%). Onychogryphosis (OS: 41.7%, SS: 39.1%), 

pulmonar edema (OS: 25.0%, SS: 39.1%), and congestion  (OS: 41.7%, SS: 60.9%). Moreover animals displayed 

increase of several organs; liver (67.5%), spleen (60%), lymph nodes (72.5%) and kidney (47.5%). Hematological 

alterations included low red cell counts and decreased hemoglobin content. Overall, 27.5% of animals presented 

leukocitosis, 52.5 % of dogs had increased band neutrophil counts 5.0 % had basophilia and 42.5% monocytopenia. No 

correlations was found between hematological findings and clinical status of animals (asymptomatic, oligosymptomatic 

or symptomatic). Presumptively, we can conclude that, in asymptomatic animals there are hematological as well as 

gross alterations. 
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Introduction 

 

According to World Health Organization (30), 

leishmaniasis is one of the six priority endemic diseases 

of the world and 90% of the cases occur in rural and 

suburban areas of five countries (Bangladesh, India, 

Nepal, Sudan and Brazil) (6, 30). Canine visceral 

leishmaniasis (CVL) is a systemic and chronic 

zoonosis, caused, in Brazil, by the protozoan 

Leishmania chagasi, a widely accepted synonym for 

Leishmania infantum. The dog is considered as a 

reservoir of the CVL (1, 6, 20), and the agent and 

disease has recently arrived in Uberlândia city, Minas 

Gerais, Brazil. In fact that municipality already has an 

autoctone case of visceral leishmaniasis in human as 

well as the vector Lutzomyia longipalpus. Thus, Health 

Ministry of Brazil considers the city as a silent and 

vulnerable area (6, 21). 

In order to evaluate the role of the dog in the 

cycle of CVL infection, and to establish  appropriate 
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control measures aspects of the disease must be known 

at each locality. Such aspects include clinical and 

pathological features with description of the extension 

and progression of lesions in various compromised 

organs (4).  

Classically the disease in dogs has been sorted 

into three clinical groups; asymptomatic, 

oligosymptomatic and symptomatic with, respectively, 

lack of clinical signs, two signs at most or at least with 

three alterations such as hepatomegaly, splenomegaly, 

lymphadenopathy, cutaneous lesions, onycogryphosis, 

alopecia and progressive weight loss (6, 24). At 

necropsy main alterations were the enlargement and 

congestion of the liver (19), generalized 

lymphadenopathy (4), integumentary lesions, (7), and 

enlargement of the spleen (2). Clinical pathology of 

CVL usually include anemia, (12, 13), and leucopenia 

in due to of lymphopenia, eosinopenia and 

monocytopenia (24, 26).  

We herein describe and correlate 

hematological alterations and gross lesions of dogs with 

CVL in Uberlândia municipality to evaluate 

characteristics of the CVL outbreak. Furthermore such 

observations are a basic step for the forthcoming 

research that aims to help veterinary clinicians, local 

health authorities small animal veterinarians as well as 

diagnosis of canine leishmaniasis in the municipality. 

 

Material and Methods 

 

Animals 

 

A total of 40 dogs seroreagent to Leishmania 

chagasi antigens by enzyme linked immunossorbent 

assay (ELISA) and indirect reaction of 

immunofluorescence (RIFI) were selected in 

Uberlândia (18°55′8″S, 48°16′37″W), Minas Gerais 

State, Brazil, 2010. Animals were both male and 

female, mostly adults and included various breeds (25 

mongrel dogs, four Pit-bulls, two Pinschers, one 

Poodle, two Rottweillers, two Boxers, two Daschunds, 

one Australian Cattle Dog and one Dalmatian) 

Serologycal tests and euthanasia were performed in the 

Centre for Zoonosis Control of the city as determined 

by Brazilian Federal law. Euthanasia followed 

American Veterinary Medical Association (AVMA) 

protocol (5), with physical restraining, anesthesia with 

intramuscular ketamine hydrochloride (10mg/kg) and 

xylazine (1mg/kg)followed by intravenous thiopental 

(12.5 mg/kg) at last a rapid infusion of potassium 

chloride (1-2mmol/kg), was used IV.All experimental 

protocols were approved by the Bioethics Committee of 

Universidade Federal de Uberlândia, Brazil 

(CEUA/UFU 007/10).  

 The dogs were four with less than one year old 

(infant) and 36 with more than one year.  

 

Blood sample collection 

 

Blood samples were collected from either 

jugular or cephalic veins before euthanasia. Four 

milliliter samples were transferred to tubes with EDTA. 

Samples were immediately processed in Electronic 

Counter-Cell - ABC Vet Animal Blood Counter (ABX 

Diagnostics) and slides with blood smears were stained 

with Quick Panoptic kit for differential leukocytes cells 

count. The following parameters were evaluated: red 

blood cell count, hemoglobin, hematocrit, mean cell 

volume (MCV), mean cell hemoglobin concentration 

(MCHC), mean corpuscular hemoglobin (MCH), spatial 

distribution of red blood cells (RDW), platelet count, 

mean platelet volume (MPV), white blood cell count, 

band and segmented neutrophils, eosinophils, basophils, 

monocytes and lymphocytes.  

 

Gross alterations 

 

Dogs were necropsied at Veterinary Pathology 

sector from the Federal University of Uberlândia. 

During the necropsies, samples of bone marrow, spleen, 

liver and lymph nodes were collected for cytological 

examination (imprinting technique) and skin, heart, 

kidney, bone marrow, spleen, liver and lymph nodes 

histopathology. According to the gross alteration 

observed during  necropsy animals were sorted into 

either one of three groups as described previously 

(asymptomatic, oligosymptomatic and symptomatic). 

 

Statistical analysis 

 

 For statistical analysis two way analysis of 

variance (ANOVA), correlation (PEARSON), test and 

post-test of Bonferroni were used. A value of P<0.05 

was considered statistically significant. Data were 

expressed as mean values (standard-deviation). 

Statistical analyses were performed using Prism 

software (GraphPad, California, USA). 

 

Results 

 

Blood parameters are presented in table 1. It 

was observed, that overall parameters varied greatly but 

mean band neutrophil and basophil numbers were 

above reference values, whereas erythrocyte numbers 

and hematocrit were bellow (Table 01). 

Considering anemic animals individually it 

was observed that 55% had normocytic normochromic 

anemia, 25% normocytic hypochromic, 5% microcytic 

hypochromic and 15% microcytic normochromic. 

No correlation was found between 

hematological parameters and gross lesion intensity 

(asymptomatic, oligosymptomatic and symptomatic) of 

dogs, (Figure 1), but with a strong correlation (0.99) 

between then. 
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Table 1. Mean, standard deviation, maximum and minimum hematological parameters of seroreagents dogs for 

Leishmania chagasi, Uberlândia-MG, 2010. 

 

Parameters Assessed Mean SD Minimum Maximum Reference values* Unit 

Erythrocytes 5.13 0.52 1.96 8.28 5.5-8.5 x 10
6
/ μL 

Hemoglobin 12.01 32.79 3.6 65 12.0-18.0 g/dL 

Hematocrit 32.9 2.79 12.4 57.7 37-55 % 

VCM 63 26 21 72 60-77 fL 

MCHC 31.8 0.92 27.9 34.7 31-34 % 

HCM 20.3 0.78 17.4 24.5 19-23 pg 

RDW 15.2 0.95 12.8 18.6 14-17 % 

Platelets 225150.3 34698.7 411 900000 200000-500000 /μL 

VPM 9.51 0.35 7.2 12.7 6.7-11.1 µm³ 

Leukocytes 15330.56 3288.36 1400 24800 6-18000 /μL 

Band neutrophils 1018.05 825.67 0 4356 0-540 /μL 

Segmented neutrophils 10324.97 2056.97 952 19662 3600-13860 /μL 

Eosinophils 600.13 230.18 0 1593 120-1800 /μL 

Basophils 10.91 124.70 0 216 0 /μL 

Monocytes 349.33 60.01 0 1770 180-1800 /μL 

Lymphocytes 3116.64 290.27 364 14823 720-5400 /μL 

           *(14)

 

 

 

 

 

 
Figure 1. Means and SD of blood parameters of asymptomatic, oligosympytomatic and symptomatic dogs  (n=40) 

seroreagent to Leishmania  in Uberlandia-MG, 2010. 

 

 

Most significant gross alterations observed at 

necropsy were of the respiratory an integumentary 

systems (Figure 2). Overall organ enlargement was a 

prominent feature with 67,5% of animals displaying 

hepatomegaly, 60% splenomegaly, 72,5% 

lymphadenomegaly and 47,5% kidney enlargement. 

Positive correlation was found between symptomatic 

animals and number of parasitic forms viewed in 

cytological diagnosis. In fact seven symptomatic 

animals and one oligosympytomatic displayed parasitic 

forms  under cytological examination. In this exam 

spleen was the most parasitized organ.  
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Figure 2. Percentual of specific gross alterations and ectoparasites observed in seroreagents dogs (n=40)to Leishmania 

chagasi, Uberlândia-MG, 2010. AS: asymptomatic, OS: oligosympytomatic and SS: symptomatic. 

 

 

Lymph node enlargement was the gross feature 

that better discriminated oligosympytomatic (36% of 

animals) and sympytomatic (82%), animals. Liver, 

spleen and kidney enlargement was also more frequent 

in sympytomatic animals (Figure 3). 

 

 

 
Figure 3. Percentual of animals with volume increase of liver, spleen, lymph node and kidney in oligosympytomatic 

(OS) symptomatic (SS) animals. Uberlândia-MG, 2010. 

 

 

Other specific gross alterations of the 

Leishmania soropositive dogs included bristle 

rarefaction (OS: 41,7%, SS: 60,1%), specially 

periocular (OS: 25,0 %, SS: 26,1%) and thoracic/pelvic 

members (OS: 25,0%, SS: 30,44%) (Figure 04). 

Onychogryphosis (OS: 41,7%, SS: 39,1%), pulmonary 

edema (OS: 25,0%, SS: 39,1%), pulmonary passive 

hyperemia (OS: 41,7%, SS: 60,9%), dilated 

cardiomyopathy (OS: 41,7%, SS: 60,9%), and 

conjunctivitis (OS: 25,0%, SS: 30,4%). 
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Figure 4. Major areas of bristle rarefaction found in OS: oligosympytomatic and SS: symptomatic. Uberlândia-MG, 

2010. 

 

 

Discussion 

 

CVL is considered an immune-mediated 

disease due to the host immune system modulation 

capability of the Leishmania (22). The parasite 

multiplies within macrophages, causes chronic 

inflammation associated to intense polyclonal B cell 

proliferation. As a result, hepatosplenomegaly, 

splenomegaly and generalized lymphadenopathy occur 

in affected animals (13). The deposition of immune 

complexes and activation of the complement system in 

the tissues also colaborate with several gross alterations 

(16,12), specially in integumentary, respiratory and 

genitourinary systems. In fact the non-specific 

inflammation of  tissues, edema and vessel proliferation 

, benefit the parasite by aiding its spread and 

dissemination (16; 12). 

 On the other hand chronic inflammation is a 

feature of several diseases and thus CVL cases might be 

over or under diagnosed on clinical basis. Moreover 

CVL as a chronic disease might have symptoms and 

lesions which fluctuate over time or might be 

progressive. These features preclude a clear-cut 

diagnosis and which should rely on an array of 

information, from clinical to several laboratory based 

ones. Whatever the case clinical and blood parameters 

are usually the starting point for diagnosis and should 

be described at each locality. 

Onychogryphosis, a frequent feature of CVL, 

is attributed to apathy of affected dogs and 

overproduction of cytokines which stimulate the nail 

matrix overgrowth (28). The prevalence of 

onychogryphosis in dogs with CVL (OS: 41,7%, SS: 

39,1%) in Uberlândia was similar to those described by 

Aguiar (2) who but higher in relation to  the work of 

Alves (4) who found a prevalence of 13,3%.. Bristle 

rarefaction of the thoracic/pelvic members that affected 

25% of the dogs from this work are considered signs of 

advanced skin infection (30). Congestion of  lungs were 

also observed by Alves (4) might be explained by 

dilated cardiomyopathy which overloads the blood 

system,. 

Prevalence of splenomegaly (60%) and 

lymphadenopathy (72.5%) were high if compared to 

other studies. For example Aguiar et al. (2), found 

respectively only 23.1% and 28.5% of animals affected 

Observed integumentary lesion prevalence in dogs in 

our research, was as high as  85% , higher than that 

observed by Feitosa(9), who found that 68% dogs with 

CVL had skin and annexes altered.  

Hepatomegaly, observed in 67.5% of our dogs 

is in is explained in human infection by the hyperplasia, 

fibrosis and dilation of sinusoids (17). In dogs, is 

caused by intense chronic granulomatous inflammatory 

reaction after dissemination of Leishmania to internal 

organs  through lymphatic or blood vessels (29). In this 

regard Reis (25) observed an intense liver reaction of 

Kupffer cells, in capsule and portal inflammation as 

well as the onset of intralobular granulomas. This 

author observed a direct relationship between, 

inflammatory reaction intensity, symptoms and  

parasitism. 

Preeminence of spleen alterations were an 

important feature as this organ were the major site for 

amastigotes forms as depicted from animals positive by 

cytological analysis. In fact spleen , has been strongly 

related as a parasitological marker to decode the clinical 

status of CVL (27), not applying in our work this 

relationship (all the cytological positive animals were 

symptomatic or oligosympytomatic). The contribution 

of the immune response to the genesis of splenomegaly 

during CVL is unclear, but with marked balanced 

production of Th1/Th2 cytokines, with a predominant 

accumulation of IL-10(25). 

Regarding the cell blood count, high 

percentage of anemia was observed within all dog 

groups as already observed by Coutinho (10). Such 

anemia was predominantly  normocytic normochromic 

irrespective of the clinical status of dogs as seen before 

h Kounitas et al. (15). 
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31% of animals from our work presented 

leukocytosis and  58% had increased band neutrophils 

numbers and 50% monocytopenia. CVL animals do 

have an increase in IL-10 levels (25) which is a 

cytokine that decreases antigen presentation and 

activity of monocytes and therefore, their blood 

numbers. Decreased immune system capacity probably 

enhances bacterial assaults and thus requirement for 

neutrophils. We speculate that this might explain the 

increase of young neutrophils in blood. According to 

Reis et al. (24), leucopenia in  symptomatic dogs with 

CVL is common due to monocitopenia, eosinopenia 

and multifactorial processes with bone marrow, 

dysfunction of and decreased hematopoiesis(3).  

The high percentage of anemic dogs in the 

oligosympytomatic and symptomatic groups, can be 

attributed to evolution of the disease’s. The 

predominance of normocytic normochromic anemi is 

similar to observations of Kounitas et.al (15), who also 

stated that anemia in LVC is usually non-regenerative 

normocytic normochromic.  

Overall no correlations were found between 

hematological alterations and clinical status of animals 

(asymptomatic, oligosymptomatic or symptomatic) 

depicted from gross lesions. However considering 

features separately it is clear that some of them are 

important for initial diagnosis of CVL in Uberlândia. 

Gross lesions such as skin alterations and organ 

enlargement are very frequent and should alert 

clinicians.  Anemia and band neutrophilia should also 

be considered as linked to CVL and should be taken 

into account in initial diagnosis. 
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