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Abstract

Leishmania infantum chagasi liver parasite load was compared to hemostatic abnormalities, as well as to clinical, 
laboratorial, and histopathological findings in dogs with visceral leishmaniasis. The liver parasite load of 30 dogs L. 
infantum chagasi naturally-infected was evaluated by quantitative real- time PCR and the results were compared with 
serum biochemistry and primary and secondary hemostasis findings. Moreover, hepatic histological lesions were described 
in these dogs. Prolonged bleeding time, prothrombin time (PT), and activated partial thromboplastin time (APTT), were 
observed in the group with visceral leishmaniasis. Eleven dogs presented inflammatory liver lesions, with predominance 
of mild multifocal mononuclear periportal hepatitis. No association between the presence of parasites and abnormalities 
in screening tests was observed by Spearman’s rank correlation coefficient. The clinical progression in leishmaniasis is 
associated with the occurrence of hemorrhagic diathesis, which depends not only on the presence of the parasite but 
also the inflammatory process, compromised immunological response, hepatic and renal failure in symptomatic dogs.
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Resumo

A carga parasitária de Leishmania infantum chagasi do fígado foi comparada às anormalidades hemostáticas, bem 
como aos achados clínicos, laboratoriais e histopatológicos em cães com leishmaniose visceral. A carga parasitária do 
fígado de 30 cães naturalmente infectados por L. infantum chagasi foi avaliada por PCR quantitativo em tempo real e os 
resultados foram comparados com bioquímica sérica e achados de hemostasia primária e secundária. Além disso, foram 
descritas as lesões hepáticas nestes cães. Prolongado tempo de sangramento, tempo de protrombina (TP) e tempo de 
tromboplastina parcial ativada (TTPA) foram observados no grupo com leishmaniose visceral. Onze cães apresentaram 
lesões inflamatórias no fígado, predominando hepatite periportal mononuclear multifocal. Não foi observada associação 
entre a presença de parasitos e as anormalidades nos testes laboratoriais por correlação de Spearman. A progressão clínica 
na leishmaniose está associada com a ocorrência de diátese hemorrágica, que depende não só da presença do parasito, 
mas também do processo inflamatório, do comprometimento da resposta imunológica e da falência renal e hepática 
em cães sintomáticos.
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Canine visceral leishmaniasis (CVL) is a multisystemic 
disease which infects humans, wild animals and domestic dogs 
(CIARAMELLA et al., 2005; SARIDOMICHELAKIS, 2009).

Dogs can develop nonspecific clinical signs, as apathy, lack of 
appetite, dermatosis, lymphadenomegaly and in severe cases hemostatic, 
kidney and hepatic abnormalities. Hemostatic abnormalities may 
cause thrombocytopenia, prolonged prothrombin time (PT) and 
activated partial thromboplastin time (APTT), increased fibrinogen 

and fibrin degradation products occur frequently (MORENO, 1999; 
SOLANO-GALLEGO et al., 2001; CIARAMELLA et al., 2005).

Detection of parasite load by quantitative real-time PCR 
(qPCR) studies, and the assessment of hemostasis in dogs with 
CVL with clinical trials, has been widely studied. Regardless it is 
unknown if the hemostatic abnormalities are related to parasitism 
by Leishmania, especially in liver, which has an outstanding 
function in coagulation (MANNA et al., 2009). Therefore, the 
aim of this study was to compare the liver parasite load (LPL) with 
hemostatic disorders, laboratory and histopathological findings in 
canine visceral leishmaniasis.
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A prospective study was carried out with 30 L. infantum chagasi 
(CVL group) seropositive dogs diagnosed by IFAT/ ELISA tests 
(Biomanguinhos FIOCRUZ, Rio de Janeiro, RJ, Brazil). This 
CVL group comprised 15 males and 15 females with an average 
age of 3.9 years (ranging from eight months to 14 years) and of 
the following breeds: Pinscher (4/ 30), Belgian Shepherd (1/ 30), 
Pit Bull (6/ 30), Rottweiler (1/ 30) and mongrel dogs (18/ 30), 
with IFAT titres ranging from 1: 80 to 1: 640.

A control group consisting of 13 dogs (nine males and four 
females) with ages ranging from two to six years old and of the 
following breeds: Poodle (3/ 13), Lhasa Apso (3/ 13), Boxer (1/ 13) 
and mongrel dogs (6/ 13) was formed for reference of biochemical 
and hemostatic parameters. These dogs were considered healthy 
after clinical and laboratory examination, as hematology, serum 
biochemistry, PCR and IFAT.

Samples of blood and bone marrow obtained from the manubrium 
of the sternum of dogs in both groups were submitted to molecular 
detection of Ehrlichia canis e Anaplasma platys (ALMEIDA et al., 
2010). In CVL group Leishmania sp. was also detected by PCR 
approach and posteriorly the L. infantum chagasi specie was 
characterized by RFLP- PCR (ANDRADE et al., 2006).

For the secondary hemostasis tests, 5 ml of citrated blood 
samples were centrifuged at 2,069 g for 5 min. The extrinsic and 
common pathways evaluated by PT (Soluplastin; Wiener Lab, 
Rosario, Argentina), the intrinsic and common pathways evaluated 
by APTT (APTT; Wiener Lab, Rosario, Argentina), and fibrinogen 
concentration (Fibrinogen; Wama Diagnóstica, São Carlos, SP, Brazil) 
were determined in duplicate in a semi‑automatic coagulometer 
through the optical detection system by laser emission (CLOTimer 
Laser Sensor; CLOT, Sorocaba, SP, Brazil).

Bleeding time (BT) was measured through small incision in 
the clean and hairless internal side of the ear and the estimate 
platelet number was determined through blood smear from the 
ear tip. Total counting was performed in Neubauer chamber after 
dilution (1:200) in Rees Eckert reagent within four hours of total 
blood collection.

Serum samples of CVL and control groups were submitted 
to a kinetic/ colorimetric assay in a semi-automatic analyzer 
(SB – 190; Celm, São Caetano do Sul, SP, Brazil) using commercial 
kits (Gold Analisa Diagnóstica; Belo Horizonte, MG, Brazil) 
to determine urea, creatinine, alanine aminotransferase (ALT), 
alkaline phosphatase (AP), albumin and globulin concentrations.

According to Brazilian Ministry of Health specifications, 
seropositive dogs were euthanized. After necropsy, two liver 
fragments were collected of each animal: one was fixed in 10% 
formaline for histopathological examination, and the other fragment 
was stored at –20 °C for DNA extraction and subsequent parasite 
quantification by qPCR.

Liver samples were processed routinely according to the 
methods for histopathological analysis. Briefly, the tissues were 
fixed in neutral- buffered formalin solution for 72 hours, processed 
and stained with hematoxylin and eosin (TAFURI et al., 2004). 
The analysis at optical microscopy was based on the identification 
of amastigotes and presence of hepatic lesions concomitant to CVL.

Quantitative qPCR from liver samples was carried out in 
triplicate using the Sequence Detection System Step One Real 
Time PCR Systems (Applied Biosystems). For accurate sensitivity 

kinetoplast DNA was chosen as the molecular target. The assay 
mixtures was prepared in a 15 µL final volume, containing SYBR 
Green Master Mix, 0.3 µM of each primer (150 [sense] 5’ - GGG 
(G/T) AGGGGCGTTCT (C/G) CGAA - 3’ and 152 [antisense] 
5’ (C/G) (C/G) (C/G) (A/T) CTAT (A/T) TTACACCAACCCC - 3’), 
and 1 µL of DNA template. The amplification conditions included 
an initial incubation step at 94 °C for 10 min, followed by 
40 amplification cycles, of 94 °C for 15 s and 60 °C for 60 s. The 
reaction showed efficiency of 99% (R2= 0,972 ε = 99,548 and 
Slope= - 3,333) with melting temperatures of 84° C.

The standard curves was stablished from kDNA of Leishmania 
sp. cloned in the plasmid from 2.8 × 108 molecules/ µL, ranging 
from 10 a 107 parasites in each reaction until the detection limit 
was reached (QUARESMA et al., 2009).

The results were submitted to normality test with 
Kolmogorov‑Smirnov test. To compare serum biochemistry between 
groups we used the Student’s t test, whereas the non-parametric 
Mann Whitney test was employed to analysis hemostatic alterations. 
Spearman’s rank correlation coefficient was used to correlate 
parasite load and hemostatic parameters with histopathological 
alterations in CVL group. For all statistical analyses, p≤0.005 
was used to determine statistical significance with the aid of the 
statistics program GraphPad Prism v. 4.0.

In the CVL group, all dogs were Leishmania positive in at least 
one collection site by molecular techniques. The positive samples 
were submitted to PCR-RFLP approach to confirm the presence 
of L. infantum chagasi. The coinfection with E. canis and A. platys 
was excluded in all groups through PCR approach.

All dogs of the CVL group were classified as symptomatic 
(12/30) and oligo symptomatic (18/30), however none of the 
dogs presented clinical manifestations of coagulation disorders.

The biochemical tests demonstrated azotemia in 26.66% of 
the CVL dogs, however statistical differences were observed only 
for the globulin increase, albumin decrease and AP in dogs from 
CVL group (p≤0.05) (Table 1). Whereas, 53.33% dogs showed 
thrombocytopenia and increased BT in the hemostasis tests, with 
no correlation between these parameters (r= –0.28).

Comparing groups, alterations in PT and APTT were 
observed in CVL group, with a frequency of 30% in APTT test 
and of 23.33% in PT, however the fibrinogen concentration 
was lower in 16.66% of the dogs, which consequently resulted 
in a prolonged clotting time. However, statistical difference was 
observed when comparing CVL and control groups only with 
fibrinogen concentration (p=0.005).

Remarkable hepatic inflammatory lesions were diagnosed in 
11 dogs (Figure 1), including multifocal mononuclear periportal 
hepatitis characterized as mild (29.62%), moderate (7.40%), 
and severe (3.70%), also severe and diffuse hepatocyte swelling 
in one dog.

Despite the lesions described, there were no statistical correlation 
between hemostatic abnormalities and the liver parasite load 
(Table 2).

The absence of hemorrhagic diathesis observed in dogs with 
leishmaniasis contradicts previous findings reported in coagulation 
studies with similar number of dogs evaluated (MORENO, 1999; 
CIARAMELLA et al., 2005). This difference may be related to the 
disease clinical evolution, which depends not only on the presence of 
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the protozoan, but also of the inflammatory process, compromised 
immunological response and renal and hepatic failure occurring 
in markedly symptomatic dogs (CIARAMELLA et al., 2005).

Despite the absence of hemorrhagic diathesis, an increase of 
APTT in 30% of dogs and of PT in dogs without histological lesion 
was observed. However, hepatic alterations suggested in serum 
biochemistry do not corroborate these findings. The granulomatous 
cellular immune response is essential for the elimination of parasites 
in the liver, which could justify the load found in dogs without 
lesion and hemostatic abnormalities (CARTER et al., 2007).

In CVL, subclinical hepatitis frequently occurs (RALLIS et al., 
2005), however this is the first study that correlate hepatic lesions, 
parasite load and biochemical parameters. Nevertheless, considering 
only the presence or absence of liver lesion it is possible to note 
that even in the absence of any type of histological lesion the 
amount of parasites and the hemostatic disorders are pronounced.

Despite variation in the copy number of Leishmania kDNA, 
higher amounts were found in liver samples, mainly in those 
without hepatic lesion. Therefore, the histological lesions commonly 
observed in CVL and associated with increased serum activity 
of ALT and AP (TAFURI et al., 2001), were not related with 
hemorrhagic diathesis or the presence of parasite.

Using the qPCR technique is possible to establish the relationship 
between increased parasite load and severe clinical manifestation 
of leishmaniasis, and associate high titres of specific antibodies 
(MANNA et al., 2009). Similar results were found in our study, 

Table 1. Summary statistics for serum biochemical tests in CVL and control groups.

Parameters CVL n= 30 Control n= 13 p-value*
Albumin (g/dL)

Mean 1.66 3.43 0.0001
Median 1.65 3.30
SD 0.46 0.41

ALT (UI/L)
Mean 34.70 36.62 0.78
Median 25.50 34.00
SD 21.89 16.74

Creatinine (mg/dL)
Mean 1.31 1.10 0.22
Median 1.20 1.10
SD 0.62 0.20

AP (UI/L)
Mean 84.93 34.77 0.004
Median 55.50 29.00
SD 85.22 23.50

Globulin (g/dL)
Mean 5.80 3.30 0.0001
Median 5.90 2.90
SD 1.40 1.03

Urea (mg/dL)
Mean 72.93 38.23 0.19
Median 46.50 36.00
SD 94.23 11.48

*Studant’s t test, significance p≤0.005.

Figure 1. Inflammatory infiltrate composed of mononuclear cells 
in liver. HE (40X).

Table 2. Hemostatic parameters and liver parasite load in dogs with 
visceral leishmaniasis.

Hepatic lesion
p-value r*

Present Absent
LPL (copies/ 
parasites)

1.4 × 105 1.4 × 106 0. 29 -

PT (s) 8. 22 20. 62 0. 04 –0. 09
APTT (s) 18. 87 31. 60 0. 38 –0. 02
Fibrinogen (s) 102. 3 128. 6 0.14 –0.16
BT (s) 25. 01 33. 15 0. 77 0. 008
LPL: liver parasite load; PT: prothrombin time; APTT: activated partial 
thromboplastin time; BT: bleeding time. *Spearman r. s - seconds.
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and although no correlation was observed between parasite load 
and antibody titres, 60% of the dogs showed titres of 1:640.

Therefore, considering serology as a sensitive method, well 
correlated with clinical signs (SOLANO-GALLEGO  et  al., 
2001) and the absence of histological lesions, we suggest that in 
these dogs, the immunological response has more influence over 
the severity of clinical signs that lead to hemorrhagic disorders.

Bleedings may occur in severe clinical conditions, when the 
immune system is compromised during chronic inflammation, 
and the hepatic damage is progressive, influencing platelet function 
and the synthesis and metabolism of the coagulation factors 
(CORONA et al., 2004).

Hyperglobulinemia associated with hypoalbuminemia 
is one of the main characteristics of canine leishmaniasis 
(SARIDOMICHELAKIS, 2009). The deposition of immune 
complexes on the vascular wall impairs the endothelium resulting 
in platelet disorders (CIARAMELLA et al., 2005), as observed in 
the majority (53.33%) of dogs with prolonged BT and antibody 
titres ranging from 1:80 to 1:640. High concentrations of gamma 
globulins, which are related to a polyclonal response of B-lymphocytes, 
may reflect in the presence of parasite-specific antibodies and also 
in autoimmune reaction (CIARAMELLA et al., 2004).

In conclusion, the hepatic lesions, even mild, induce abnormalities 
in secondary hemostasis tests. Moreover, parasite load does not 
influence the hemorrhagic disorders which may be more related 
to the differences in the individual inflammatory response in 
clinical forms of leishmaniasis.
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The study was approved by the institutional Animal Care and 
Use Committee (CEUA protocol number 23108.014734/10-0, 
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