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Summary

Canine visceral leishmaniasis is associated with cardiac changes. This study was designed to test the hypothesis
that vitamin D and coagulation parameters, such as D-dimer, activated partial thromboplastin time (APTT),
partial thromboplastin time (PT), mean platelet volume (MPYV), and white blood cell (WBC) levels, change in
different stages of canine visceral leishmaniasis (CVL). Thirty-two dogs diagnosed with CVL were classified
into four different groups: stage I (mild disease), stage II (moderate disease), stage III (severe disease), stage
IV (very severe disease), and healthy controls. The groups were based on clinical signs, rapid ELISA/IFAT,
hematological and serum biochemical tests, and urinary protein/creatinine ratios. Serum vitamin D levels
were positively correlated with MPV (r = 0.503), but negatively correlated with D-dimer (r = —0.326), APTT
(r=-0.361), PT (r =—0.289), and WBC (r =-0.384). The dogs with leishmaniasis showed increased WBC levels
compared with the control group. Similarly, their vitamin D levels were significantly decreased compared with
those in the control group (p <0.05). Severely diseased dogs (stage IV leishmaniasis) showed the lowest vitamin
D levels, but there were no significant differences between dogs in the various stages of leishmaniasis. The
evidence provided by this study indicates that the CVL dogs had low-grade systemic coagulation and fibrinolytic
activation, as indicated by elevated MPV, PT, WBC and D-dimer levels, which may be used as a biomarker of

low-grade systemic inflammation in CVL.
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Canine visceral leishmaniasis (CVL), a well-known
parasitic and zoonotic disease caused by an intracellu-
lar protozoan of the genus Leishmania (22), is transmit-
ted to canines by the bite of blood-sucking sand flies
(Phlebotomus species). The zoonotic potential means
that the risk of undiagnosed, unmanaged leishmaniasis
increases significantly in many parts of the world (1,
8, 15, 19). The disease might be present subclinically
or manifest itself as systemic symptoms (cutaneous,
ocular or renal lesions, hepatosplenomegaly, anemia,
muscular atrophy and weight loss) (9). However,
at a severe stage of the disease, altered hemostasis
predisposes infected dogs to bleeding. There is lim-
ited research into the relationship between platelet
function and leishmaniasis (5, 12, 21, 31). Various
reports demonstrate that fibrinolysis leads to either
hypocoagulability, a characteristic increase in some
coagulation parameters (APTT, PT and D-dimer), or

compensated DIC, with normal fibrinogen levels in
CVL (5, 12,21, 31).

Prior studies have demonstrated that cardiac dis-
orders are linked to leishmaniasis (6, 9, 26, 32).
Furthermore, the protozoan might be identified in car-
diac tissue (22, 26). In medicine, several studies have
demonstrated an association between cardiovascular
mortality/morbidity and vitamin D deficiency. Low
vitamin D levels are related to inflammation, impaired
endothelial function, development of coronary artery
calcium scores, and increased vascular stiffness (18,
28, 30). Changes in platelet morphology and func-
tions have been found in patients diagnosed with
stroke, metabolic syndrome, and bleeding tendency.
Recent studies have shown that MPV can be a use-
ful biomarker for future myocardial infarctions and
thromboembolism (2, 11). In addition, new data on
vitamin D indicates that it might play a critical role in
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preventing platelet activation, along with fibrinolysis
and thrombosis. This suggests that vitamin D insuf-
ficiency leads to increased mean platelet values (17).
Therefore, the goal of this study, performed on dogs
naturally exposed to different stages of CVL, was to
determine the relationship between the mean platelet
volume, low-grade systemic coagulation and vitamin
D deficiency.

Material and methods

Location of the research and the dogs involved. The
research was carried out at the University of Adnan Mend-
eres, Faculty of Veterinary Medicine, Department of Internal
Medicine in Aydin City, Turkey. It involved subjects with
CVL and subjects without CVL.

Staging and classification of dogs. Prior to enrollment,
ethical guidelines were established, and written owner
consent was obtained. A total of 40 dogs were enrolled,
including 32 animals with CVL and 8 healthy ones. The
dogs diagnosed with CVL showed clinical findings and
were forwarded to a point-of-care ELISA test kits and
immune fluorescence antibody testing. Dogs differentially
diagnosed with CVL through clinical, serological, hema-
tological, biochemical and urinalysis were classified into
four different groups (n = 8), as previously reported by the
Leishvet Group (29). The study groups were classified as
Group A, Stage I (mild disease); Group B, Stage II (mod-
erate disease); Group C, Stage III (severe disease); Group
D, Stage IV (very severe disease); and Group E, healthy
controls. Laboratory analyses that determined the disease
stages are shown in Table 1.

Hematological examination. Blood specimens (2 mL
anticoagulated with EDTA) were drawn from V. cephalica
antebrachia and forwarded to the laboratory. Complete
blood counts, including leukocyte (WBC), packed cell
volume (PCV), erythrocyte (RBC), hemoglobin (HGB),
mean erythrocyte hemoglobin concentration (MCHC), mean
erythrocyte volume (MCV), and thrombocyte (PLT) param-
eters, were analyzed with a cell counter (Abacus Junior).

Urinalysis. Drained urine samples or urine collected by
catheterization (5 mL) were examined for total protein and
creatinine concentrations in a private [Bio-Rad Eqas, Vetqas
(Vet. Laboratory Quality Assurance Unit) and Vqas (Vet.
Laboratory Quality Association Assurance Programme)]
outer quality program partnership laboratory (Bilim Special
Veterinary Diagnosis and Analysis Laboratory, Istanbul,
Turkey), in which urinary protein/creatinine ratio was cal-

Tab. 1. Biochemical parameters for the leishmaniatic groups and the control group (mean + SD)
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culated colorimetrically. All urinary samples were imme-
diately put in cold storage.

Serology-based assays. ELISA-based assay kits were
used according to the manufacturer’s guidelines to detect
Leishmania infantum (Snap Leishmania test kit, IDEXX).
An immunofluorescence assay (5, 29) was used to test
sera samples for antibodies against Leishmania infantum
(Leishmania IgG), as already described (29). Serum speci-
mens for serological assays were stored until analysis. The
IFAT result was considered positive for CVL with a 1 : 64
and higher titration of the serum that presented a clear
yellow-green fluorescent signal in microscopic examina-
tion, whereas samples without a yellow-green fluorescent
appearance were considered negative (29).

Serum biochemical analysis. Total protein, albumin and
creatinine levels were determined by a chemistry analyzer
(Samsung Lab Geo PT10, Korea).

Statistical analysis. Statistical analysis of the results was
performed by SPSS 15.0. Arithmetic mean (X) and stan-
dard error values were calculated for all groups. All sets of
data were examined for homogeneity by the Shapiro-Wilk
analysis and were found normal. Comparisons of param-
eters in the groups were performed by analyses of variance
(ANOVA), and the correlations between the levels of vita-
min D and other parameters were determined. A p < 0.05
was considered statistically significant.

Results and discussion

Significant differences in vitamin D, coagulation
parameters, such as APTT, PT, and D-dimer, and
other relevant biomarkers, such as WBC and MPYV,
were noted between the groups (p <0.01). APTT, PT,
D-dimer, WBC and MPV values were higher in the
diseased dogs than they were in the healthy subjects,
whereas vitamin D levels were significantly lower.
Cross-correlation analyses for vitamin D and other
relevant parameters were performed. Serum vitamin D
levels were positively correlated with MPV (r=0.503,
p = 0.002) and negatively correlated with D-dimer
(r=-0.326, p=0.056), APTT (r =—0.361, p = 0.033),
PT (r = —0.289, p = 0.092) and WBC (r = —0.384
p=0.023).

The correlation between serum vitamin D levels and
serum WBC, MPV, D-dimer, APTT and PT levels was
positive for MPV (r=0.503, p=0.002) and negative for
D-dimer (r=-0.326,p=0.056), APTT (r=—0.361,p=
0.033), PT (r=-0.289,
p =0.092), and WBC

Explanations: *° Different letters mark statistically significant differences between groups at p < 0.05

Stage _ —

Parameters ’ Control (r=-0.384,p=0.023)
: . - - (Tab. 2). The correla-
D-dimer 1.0:0.77° 1.06 = 0.85° 3.91+2.36" 5.30£2.07° 0.1x0.0° tions are shown in a
APTT 12.90 = 1.42° 13.15 £ 2.27° 16.41 +3.62" 17.99 £ 2.75 11.34 £ 0.41° scatter graph (Fig. 1).
PT 7.20£0.27° 7.38+1.61° 9324118 | 13.99s3.21" 7122034 WBC levels in the
WBC 14.92 £ 4.36° 13.92 + 3.98° 14.88 £ 6.06° 19.74 £ 13.50° 6.74£1.10° IGIShmaImOUC grouPs

Vitamin D 21.05 £ 9.30° 20.70 + 8.34° 30.99:15.36° | 16.37+4.80° 7927s2000 | WETC clevated, an
MPV 9.10 + 0.59° 8.86+1.30 | 10.16+1.73 10.70 £ 1.44° 7.59+0.57° there was a statistical
ke Rl ol el b significance between

the control group and
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Fig. 1. Scatter graph showing correlations between serum vitamin D and serum WBC, MPV, D-dimer, APTT and PT levels

Tab. 2. Correlations between serum vitamin D levels and serum WBC, MPYV,

D-dimer, APTT and PT levels

Given the data demonstrating that vita-
min D elevates antimicrobial peptides

D-dimer APTT PT WBC MPV (27), the absence of vitamin D3 mediates
r=-0.326 | r=-0.361 | r=-0.280 | r=-0384 | r=0503 | inhibition of macrophages and micro-

Vitamin D . . C e . )
p = 0.056 p=0.033 p=0.092 p=0.023 p =0.002 bicidal activity in vitamin D receptors in

the leishmaniotic groups (p <0.05). By contrast, mean
WBC values did not differ significantly between the
diseased dogs. Similarly, vitamin D levels were sig-
nificantly decreased compared to those in the control
group (p <0.05), but there were no differences between
the diseased dogs, which was an expected finding.
The lowest vitamin D levels were found in severely
diseased leishmaniotic dogs (stage IV). D-dimer levels
in stage III and IV dogs were statistically significantly
different from those in stage I and II dogs and to
those in the healthy control dogs. APTT levels were
also increased in stage III and stage IV dogs, but no
significant change was found in stage I and II dogs.
MPV levels, interestingly, showed insignificant dif-
ferences between the diseased groups, but presented
significance between control group.

In the current study, vitamin D deficiency was sig-
nificantly more prevalent in the diseased dogs than
it was in the healthy control group dogs. In view of
the role of vitamin D in the control of leishmania
infections, this vitamin has been recognized as an
important element in the maintenance of homeostasis
(25). Although the influence of vitamin D has been
extensively researched, little data exists regarding its
impact on parasitic diseases, especially leishmaniasis.

knock-out mice, so the absence of vita-
min D results in elevated resistance to leishmaniasis
(10). To our knowledge, different stages of CVL have
not been sufficiently described. Inadequate vitamin D3
levels detected in the present study in dogs with canine
visceral leishmaniasis highlight the need to improve
the understanding of vitamin D supplementation and
deficiency in future control studies. The vitamin D
status of the host may influence the immune response
to infections for which vitamin D deficiency appears
to induce Th2-type cytokines profile (4). As previ-
ously determined by the LeishVet guidelines, Th2 is
the predominant response, along with high serology,
decreased cellular immunity, and high parasitic load
(29). Vitamin D has been shown to increase Th2 cyto-
kine levels (3, 4) and to reduce Thl levels (3, 7, 20).
On the other hand, another study found that vitamin
D inhibited Thl levels without changing Th2 levels
(23). All suggested and proposed mechanisms might be
responsible for differences in vitamin D levels between
the diseased and control groups in the present study.
In the present study, we found a significant positive
correlation between vitamin D and MPV (r = 0.503,
p = 0.002) and negative correlation between vitamin
D and WBC (r =-0.384, p = 0.023), PT (r = —0.289,
p = 0.092), D-Dimer (r = —0.326, p = 0.056), and
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APTT (r = -0.361, p = 0.033). D-dimer levels were
elevated in every advanced stage of the disease (exactly
four-fold and five-fold increases in stages III and IV,
respectively). This might be briefly explained by active
and excessive blood coagulation (16). Another possible
reason might be vasculitis (stage III, severe disease)
or pulmonary thromboembolism (stage IV, very severe
disease), which probably occurred in connection with
canine visceral leishmaniasis (29).

Our study also demonstrated elevated MPV levels in
leishmaniatic dogs and revealed a positive correlation
between MPV and vitamin D levels. However, changes
in mean MPV values were not statistically significant
in dogs infected with Ehrlichia canis and Anaplasma
phgocytophilium (24). In this study, dogs infected
with leishmaniasis presented increased MPV values,
which suggests that larger platelets play an active role
in homeostasis (13, 14).

A limitation of this study is that a small number of
CVL infected dogs were enrolled. However, the stages
of'the disease showed unexpected results. Furthermore,
the study was designed to assess differences in the
mean levels of vitamin D, PT, D-dimer, APTT, WBC
and MPV, and significant differences were found. Low-
grade systemic inflammation revealed by vitamin D,
PT, D-dimer, APTT, WBC and MPV levels, similar to
what has been shown elsewhere in women with pri-
mary ovarian insufficiency (16), should be taken into
consideration in canine visceral leishmaniasis. There
is a need for further studies of larger dog populations
with CVL, describing different stages of the disease,
as was the case in this study.
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