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INTRODUCTION

Canine leishmaniosis (CanL) is a disease 
caused by an intracellular protozoan of the genus 
Leishmania that is transmitted to the dog by the 
bite of some species of the bloodsucking sand 
flies  from the genera Phlebotomus in Europe and 
Asia and Lutzomyia in Central and South America 
(1, 2, 3). The life cycle of Leishmania parasite is 
biphasic with two morphological stages known 
as promastigotes and amasitgotes. Procyclic 
promastigotes are attached to the midgut epitehelial 
cells of Phlebotomus or Lytzomia female sandflyes, 
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where after replication they differentiate into an 
infective metacyclic form in the anterior midgut. 
They are inoculated into the mammalian host by 
bloodsucking where they transform into amastigotes 
in macrophages and related cells (4, 5).

The most important species for the dogs is
L. infantum in the Old World which is synonymous 
to L. chagasi in Central and South America (1). Dogs 
are considered the main reservoir of L. infantum 
for humans (6). CanL is one of the major zoonoses 
globally causing severe fatal disease in humans. 
Clinical manifestation of canine leishmaniosis 
includes a wide spectrum of clinical symptoms, 
which in dogs  ranges from absence of symptoms 
to generalized disorders that may result in the host 
death: fever, anemia, lymphadenopathy, weight loss, 
emaciation, hepatosplenomegaly, conjunctivitis, 
renal alterations, keratitis, onychogryphosis and 
cutaneous lesions (1, 3, 7, 8, 9). Some other organs 
and systems could also be involved, like heart (10), 
testis (11), joints (12), liver (13, 14) and brain (7). 
L. infantum is also found in the gastrointestinal 
system (15, 16), including tongue (17).
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Leishmania is able to evade the host’s non-
specific defenses (phagocytosis) to survive and 
multiply in the macrophage. The progress of the 
infection depends on the efficiency of the host’s 
immune response. There are two defense effector 
mechanisms which take part against Leishmania 
parasites: the first one is the release of superoxide 
(O2

–) by the neutrophils and macrophages via the 
NADPH oxidase complex (18), and the second one is 
the parasiticidal effect of nitric oxide (NO), mediated 
by interferon (IFN-γ) and tumor necrosis factor 
(TNF-α) released by macrophages (1, 8, 18, 19, 20, 
21, 22). The opposite effect is disease susceptibility 
manifested with depressed cell mediated immunity 
with a mixed Th1 and Th2 cytokines response 
(1, 18). These cytokines are transforming growth 
factor (TGF-β), IL-10 (18) and iron regulatory 
protein 2 (IRP2) (22). Affected animals could show 
decreased antioxidant enzyme activity (23).

The majority of dogs infected with Leishmania
do not always develop clinical signs (1). 
Furthermore,  seropositivity absence does not prove 
that a dog is negative for Leishmania, because 
clinically healthy infected dogs could be negative 
for anti-Leishmania antibodies, but positive for 
Leishmania by PCR protocols (24, 25). This fact 
confirms the importance of asymptomatic dogs 
with Leishmania, because they obviously play a 
role in the transmission of Leishmania parasites. 
It remains unclear what are the reasons which make 
one dog resistible or susceptible to the disease. 
The clinical manifestation of CanL is complex, with 
many factors involved (age, gender, nutrition, host 
genetics, coinfections and/or concomitant disease, 
immunosuppressive conditions, etc.) (1).

As mentioned above, CanL has very variable 
clinical manifestations, and many different organs 
could be involved. For this reason, some laboratory 
tests are necessary for confirming the diagnosis, 
among them the complete blood count (CBC) 
and biochemical profile, especially for evaluation 
of the renal function. The most important and 
constant hematological change in cases of canine 
visceral leishmaniosis is non-regenerative anemia 
(3, 24, 25). Leishmaniosis also causes changes in 
the white blood cell count (WBC) (3, 24, 25, 26)
and thrombocytopenia (1) and even in the 
disseminated intravascular coagulation (DIC) 
(27). Another important finding related to CanL is 
hyperproteinemia, hypoalbuminemia, and decreased 
albumin/globulin ratio (1, 3, 8, 26). The severe 
form of CanL is characterized by renal damage 
with glomerulonephritis due to immune complex 
deposition, but there are findings which propose 

involvement of some other mechanisms too, like 
migration of T cells into the glomeruli, participation 
of adhesion molecules, and diminished apoptosis of 
cells (28). The antibodies involved in the formation 
of these immune complexes are unknown, although 
antiactin and antitubulin antibodies are found in 
dogs with CanL caused by L. donovani (29). Renal 
dysfunction could be the only clinical manifestation 
of the CanL and immunoinduced glomerulonephritis 
could progress into chronic renal failure (CRF), 
which is the principal cause of animal death in CanL 
(1). So, it is very important for  renal disease to be 
diagnosed early, because it allows better prognosis 
for the patient and may prolong its life. Despite 
the high prevalence of renal involvement in the 
pathogenesis of CanL, azotemia which is typical 
for renal failure is evident only when the majority 
of nephrons have become dysfunctional in the fi nal 
phase of the disease progression. 

Majority of the reports are dealing with the 
seroprevalence of L. infantum in dog population 
(30, 31, 32), while it still remains unclear how 
the biochemical and hematological status of dogs 
naturally infected with CanL can be associated with 
the clinical forms of CanL. The aim of this study 
was to find some of these parameters: erythrogram, 
leukogram, biochemical parameters associated 
with renal function and biochemical parameters 
associated with plasma protein status in symptomatic 
and asymptomatic dogs seropositive for  CanL.

MATERIAL AND METHODS

This survey was done on a heterogeneous dog 
population, which included dogs from different 
breeds and mongrel dogs, with age ranging from 1.5 
to 12 years. All investigated dogs were seropositive 
for  CanL, which was confirmed with an indirect 
fl uorescent antibody test (IFAT) (Figure 1). IFAT 
was performed according to the OIE manual (33). 
Promastigotes of L. infatnum (zymodem MON-1 
9MCAN/HR/2003/LLM-1282) isolated from a dog 
were used for preparation of “in house” antigen. 
Parasites were fixed with acetone on IFAT slides 
(according the procedure described in OIE manual) 
and dog’s serums were tested at starting dilution 
of 1:40, using FITC labeled goat anti-canine IgG 
(H+L) (Southern Biotech, USA). Based on the 
previous experiences a titer of 1:80 was considered 
as positive. Commercial positive and negative 
control serums (VMRD, cat no. 211-P-LSH and 
211-N-LSH) were used for verification of the test 
results.  
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Figure 1. IFAT positive slide (promastigotes with the whole body fluorescence)

There were two groups: one manifesting clinical 
signs of the disease (symptomatic dogs - SD), and 
the other group which were dogs infected with 
L. infantum, but without clinical signs of 
leishmaniasis (asymptomatic dogs - AD). The survey 
included 42 dogs in total, 21 in the symptomatic and 
21 in the asymptomatic group, respectively. Dogs 
were classified as symptomatic when manifesting 
at least one of the clinical symptoms classified by 
Solano-Gallego et al. (2011) (34).

Hemogram analyses included the following 
parameters: red blood cell count (RBC), 
hematocrit, hemoglobin concentration, mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), white blood cell count 
(WBC) and platelet count. Biochemical parameters 
investigated in this survey where those related 
with renal function (urea and creatinine), and 
protein status (total protein – TP, albumin – ALB, 
globulin – GLO and albumin/globulin ratio – A/G), 
respectively. IFAT test was done at the Laboratory 
of Parasitology, and hemogram and biochemical 
parameters testing were done at the Laboratory of 
Hematology and Clinical Biochemistry, within the 
Faculty of Veterinary Medicine in Skopje.

Blood samples for laboratory analysis were 
collected from V. cephalica antebrachii externa. 
Samples for hematology testing were taken in 
VACUETTE® EDTA Tubes (Greiner Bio-One), 
coated with K3EDTA and samples for biochemistry 
testing were taken VACUETTE® Serum Collection 

Tubes (Greiner Bio-One). Hematological parameters 
were analyzed on hematology counter SYSMEX 
2200 (Germany), according to the standard 
operative procedure. Biochemical parameters were 
analyzed on semiautomatic photometer STAT FAX 
3300 (Awareness Technology, Inc. USA), Analyses 
of urea and creatinine were made with standard 
colorimetric kinetic methods, using commercial 
kits from Human (Germany), according to the 
International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) propositions. 
Analyses of total protein and albumin were made 
with standard colorimetric biochemical “end-point” 
methods, also with commercial kits from Human 
(Germany). Globulin values were estimated using 
the difference between total protein value and 
albumin value.

Statistical analysis of gained data included 
descriptive statistics (mean - M; standard 
deviation - SD; standard error - SE; minimum and 
maximum - Min-Max; coefficient of variation - 
CV) and Student t-test for evaluation of statistical 
significance of variables’ means. Statistical 
operations were made with STATISTICA for 
Windows 8.0 (Stat Soft Inc) software.

RESULTS

The values of hematological parameters for both 
groups of dogs (AD and SD) are shown in Table 1.

Hematological and biochemical parameters in symptomatic and asymptomatic leishmania-seropositive dogs
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As shown in Table 1, statistically significant 
differences are found for values of RBC, HCT, 
HGB and PLT, i.e. asymptomatic dogs had these 
parameters signifi cantly higher than symptomatic 
dogs.

The values of biochemical parameters for both 
groups of dogs (AD and SD) are shown in Table 2.

As shown in Table 2, the values of urea, 
creatinine and globulin are significantly higher, 
and values of albumin are significantly lower in 
symptomatic dogs, compared with those in group of 
asymptomatic dogs.

DISCUSSION

As mentioned above, CanL is a disease with a 
very variable and complex clinical manifestation, 

Table 1. Hematological parameters: red blood cell count (RBC/1012/L), hematocrit (HCT/%), hemoglobin 
(HGB/g/dL), MCV (fL), MCH (pg), MCHC (g/dL), white blood cell count (WBC/109/L) and platelet count (PLT/109/L) 
in asymptomatic and symptomatic dogs infected with L. infantum

asymptomatic dogs (AD) symptomatic dogs (SD)

M±SD SE Min-Max CV M±SD SE Min-Max CV

RBC 6.87  0.81* 0.17 5.52-8.32 11.89 4.44  1.72* 0.37 1.73-8.23 38.81

HCT 43.22  6.68* 1.45 29.40-55.40 15.45 29.95  12.29* 2.68 9.20-56.70 41.04

HGB 16.05  2.37* 0.51 11.90-20.80 14.77 10.09  3.75* 0.81 3.90-18.10 37.16

MCV 62.88  6.57 1.43 52.30-74.10 10.44 66.83  6.65 1.45 52.90-75.40 9.95

MCH 23.33  1.76 0.38 19.80-26.60 7.56 22.63  1.17 0.25 21.10-26.00 5.21

MCHC 37.56  5.05 1.10 30.50-44.30 13.45 34.85  3.87 0.84 29.90-42.70 11.12

WBC 13.46  5.25 1.14 5.90-25.20 39.04 11.96  7.91 1.72 3.60-38.20 66.12

PLT 288.80  98.64* 21.52 121.0-598.0 34.15 194.14  151.41* 33.04 3.0-605.0 77.99

* Differences considered as statistically signifi cant for p values < 0.05

asymptomatic dogs (AD) symptomatic dogs (SD)

M±SD SE Min-Max CV M±SD SE Min-Max CV

urea 3.91 ±1.97* 0.43 1.03-9.40 50.44 16.19 ± 22.90* 4.99 0.96-81.20 141.40

creatinine 89.43 ± 26.43* 5.76 8.10-137.00 29.55 228.44 ± 302.34* 65.97 54.00-1341.00 132.34

TP 69.64 ±14.57 3.18 36.40-99.20 20.92 76.07 ± 23.34 5.09 32.00-119.00 30.68

ALB 29.00 ± 6.80* 1.48 18.70-45.90 23.47 22.03 ± 5.70* 1.24 11.40-35.40 25.87

GLO 40.64 ± 15.39* 3.35 7.70-80.50 37.86 54.04 ± 23.05* 5.03 9.00-93.00 42.65

A/G 0.9 ± 0.72 0.16 0.2-3.7 125 0.6 ± 0.53 0.12 0.2-2.5 113.2

Table 2. Biochemical parameters: urea (mmol/L), creatinine (μmol/L), total protein (TP/g/L), albumin (ALB/g/L), 
globulin (GLO/g/L) and albumin/globulin ratio (A/G) in asymptomatic and symptomatic dogs infected with L. infantum

* Differences considered as statistically significant for p values < 0.05

where many different factors are involved. Infection 
itself does not always cause clinical disease, which 
is evident in the fact that prevalence of CanL in the 
endemic regions is lower than 10% (1). Whether 
the infected animal would remain resistible or 
a development of clinical disease would occur, 
depends on many factors, but most important is the 
immune status of the animal. So, the asymptomatic 
dogs infected with L. infantum are very important 
as a reservoir of the parasite. Although the clinical 
symptoms of CanL are very variable, major 
disorders are related to the hematopoietic system 
and renal function.

Our findings of RBC value in asymptomatic 
dogs indicate an equilibrium of erythropoiesis and 
erythrocyte destruction. The opposite finding was 
recorded in the group of symptomatic dogs, where 
the average RBC value was significantly lower 
(p < 0.05), which indicates occurrence of mild to 
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severe anemia, which could be a result of decreased 
erythropoiesis or increased hemolysis. This is also 
confirmed with high CV (38.81%) in symptomatic 
dogs, which shows heterogeneity of symptomatic 
group, where the severity of anemia depends on 
the individual degree of affection of bone marrow. 
Values of MCV, MCH and MCHC did not show 
statistical significant difference between the two 
groups, which indicates the occurrence of non-
regenerative normocytic normochromic anemia, as 
found by other authors (3, 24, 25). Infection with 
L. infantum causes normocytic normochromic 
anemia (8), but anemia caused with L. donovani 
complex is normocytic hypochromic (3). The 
non-regenerative anemia accompanying CanL is 
commonly explained as a consequence of chronic 
renal failure (CRF), but there are also findings 
which suggest that the decrease of erythrocytes in 
peripheral blood could be result of direct damage of 
the erythrocytes done by the parasite (3) or result of 
bone marrow dysfunction (3, 25, 31, 35, 36).

Hematocrit (HCT) as a marker of organism 
hydratation degree showed statistically signifi cant 
difference between two groups (p < 0.05). In 
asymptomatic dogs high value of hematocrit 
indicated normal water balance regulatory 
mechanisms, so dehydratation does not occur. In 
symptomatic dogs HCT was significantly lower, 
which is confirmed also by other authors (25). 
HCT decrease could be result of hemodilution, 
caused by decreased erythropoiesis and/or 
increased hemolysis, from one side, or it could be 
due to  polydipsia, caused by high blood urea level 
(urea is substance with high osmolarity). Here the 
heterogeneity of the group is also seen, with high 
value of CV (41.04%). 

Hemoglobin (HGB) value was also significantly 
higher in asymptomatic, compared with 
symptomatic dogs, which is also in accordance 
with other surveys (25) and this finding shows 
difference in hemoglobin synthesis capacity in bone 
marrow. In asymptomatic dogs low CV (14.77%) 
shows homogeneity of the group. In symptomatic 
dogs decreased HGB level could be explained with 
bone marrow dysfunction, due to high parasite 
load in bone marrow, or by decreased secretion of 
erythropoietin, caused by chronic renal failure. Here 
heterogeneity is also obvious, as CV is 37.16%.

White blood cell count (WBC) did not show 
statistically significant difference between 
asymptomatic and symptomatic group, although the 
WBC value of the latter was insignificantly lower. 
Minimum-maximum range in asymptomatic dogs 
was very wide, probably as a result of increase of 
plasmocyte fraction, responsible for occurrence of 
polyclonal beta and gamma hyperglobulinemia, 

which is evident in seropositive dogs with clinical 
manifestation of CanL (1). Depending on clinical 
symptoms, in the symptomatic group which was 
quite heterogenic (CV 66.12%), WBC value ranged 
from leukopenia, probably because of depletion 
of white blood cells precursors in bone marrow, 
to leukocytosis, in accordance with some authors 
(1). This leukocytosis could be result of concurrent 
infection with other organism from viral, bacterial 
(report of concurrent infection with Streptococcus 
equisimilis (37) or parasite origin (Erlichia canis 
as most common (38)). In our study average WBC 
value in the symptomatic group was insignificantly 
lower compared with asymptomatic dogs, which 
differs from findings reported by other authors 
concerning infection with L. infantum, where crucial 
signs of severe CanL are eosinopenia, lymphopenia 
and monocytopenia (24, 25, 26), but is similar with 
those which concerned infection with L. donovani 
complex where total leukocyte count was found 
normal (3).

Thrombocytopenia is a common hematological 
finding in dogs affected with CanL (1), as it was 
also evident  in our survey. Possible causes of 
this disorder are platelet sequestration, platelet 
consumption during clotting process, decreased 
or impaired production of megacariocytes and 
platelets, as well as immuno-mediated process.

Available data about urea and creatinine 
values in blood during CanL are controversial. In 
one survey with dogs infected with L. donovani 
complex only urea, but not creatinine was increased, 
indicating no renal dysfunction and this was evident 
only in 22.72% of dogs included in the survey 
(3). In another survey with dogs infected with 
L. infantum the finding was inverse: creatinine, but 
not urea was increased (26). In our survey blood urea 
in symptomatic dogs was significantly higher than in 
the asymptomatic group (p < 0.05), and its average 
value was very high, beyond the referent maximum. 
Uremia is considered as an indicator of a late stage 
of severe CanL, when CRF occurs (1). This CRF 
is caused by immunoinduced glomerulonephritis. 
The extremely high CV (141.40%) indicates again 
heterogeneity of the symptomatic group, where renal 
failure ranged from mild to severe. In asymptomatic 
dogs, minimum-maximum range indicates absence 
of renal dysfunction.

Analogous findings were obtained also for 
creatinine. Synthesis of creatinine in muscle tissue 
is relatively constant and in proportion with muscle 
mass, so significantly higher blood level of creatinine 
in symptomatic dogs (p<0.05) indicates decreased 
renal excretion of creatinine. High CV (132.34%) 
indicates heterogeneity of symptomatic group, 
and its maximum of 1341.00 μmol/L shows some 

Hematological and biochemical parameters in symptomatic and asymptomatic leishmania-seropositive dogs
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degree of simultaneous muscle dystrophy, which 
could contribute to the development of CRF. In the 
asymptomatic group, the serum level of creatinine 
and its minimum-maximum range indicate regular 
protein catabolism and normal glomerular fi ltration 
rate (GFR).

Although most of the authors (1, 3, 8, 26) consider 
hyperproteinemia as important finding in CanL, in 
our survey the symptomatic dogs had higher serum 
total protein level compared with the asymptomatic 
group, but this difference was insignificant. In 
both groups the minimum-maximum range was 
within referent values, and CV was low. Also, 
albumin/globulin ratio (A/G) was found decreased 
in symptomatic dogs, but this decreasing was 
statistically insignificant. Both groups had high CV 
for A/G value (125 for asymptomatic and 113.2 for 
symptomatic dogs, respectively), which indicates 
heterogeneity of each group.

However, serum albumin level in symptomatic 
dogs was significantly lower compared with 
the symptomatic group (p < 0.05), which is in 
accordance with other authors’ fi ndings (1, 3, 8, 26).
Normoalbuminemia found in asymptomatic dogs 
indicates normal protein anabolism and catabolism 
balance, normal hepatic function and albumin 
synthesis, and normal renal function, i.e. absence 
of albumin loss with urine (albuminuria). In 
symptomatic dogs evident hypoabluminemia is due 
to renal dysfunction, as well as the consequential 
albuminuria.

Changes in serum globulin in our survey are 
analogous to those of serum albumin. Symptomatic 
dogs showed significant hyperglobulinemia, which 
is in accordance with findings of other authors (1, 3, 
8, 26). This hyperglobulinemia is probably caused by 
polyclonal beta or gamma hyperglobulinemia. Both 
groups showed high CV (37.86% in asymptomatic 
and 42.65 in symptomatic dogs, respectively), which 
indicates heterogeneity of the immune response of 
the animal.

As mentioned above, most of the parameters 
investigated in this survey had high CV in 
symptomatic dogs, which suggest the heterogeneity 
of this group. This heterogeneity is also evident in the 
fact that there were no correlations found between 
the values of hematological and biochemical 
parameters.

CONCLUSION

Canine visceral leishmaniosis in the host’s 
organism primarily affects the immune system and 

depending on the clinical manifestation, thed isease 
has an impact on thehematological and biochemical 
status of the animal. The pattern of host’s reaction, 
whether asymptomatic or symptomatic with certain 
clinical manifestations, depends on the individual 
immune response. According to our fi ndings, it 
could be concluded that the clinical manifestation of 
CanL has an impact on the erythrogram values, i.e. 
there is a significant difference in the erythrogram 
between symptomatic and asymptomatic dogs. 
On the other side, we found that the leukogram 
could not be a relevant indicator for the disease 
clinical progression degree in symptomatic and 
asymptomatic dogs seropositive for L. infantum. 
Biochemical parameters related to the renal 
function (urea, creatinine) could be used in making 
prognosis of progressed clinical leishmaniosis. The 
degree of proteinemia in seropositive asymptomatic 
and symptomatic dogs could be taken as an 
indicator of clinical progression of CanL only in 
cases of significant hyperglobulinemia. There 
were no correlations found between the values of 
hematological and biochemical parameters, which 
indicates individual variability of the host’s response 
to infection with L. infantum.
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