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(Ehrlichiosis, Anaplasmosis, Leishmaniosis, and Dirofilariasis) among Dogs
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ABSTRACT

Background: Vector-borne infectious and zoonotic diseases are an important health problem that directly affects human and
animal health negatively. Results through evaluation of coagulation disorders among vector-borne diseases should be of ben-
eficial for both human and dogs studies. According to the present author’s knowledge reports regarding changes in platelet
(PLT) count, prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen (FIB) and D-dimer levels in dogs
naturally infected with one or more vector-borne pathogens are lacking. Therefore, the present study was aimed to detecting
those parameters for relation between diagnosis and prognosis of vector-borne diseases among dogs.

Materials, Methods & Results: The material of this study was 46 dogs (36 were naturally infected with vector-borne
diseases and 10 were healthy) from different breed, age and of both sexes. Venous blood samples were obtained to detect
PLT counts, antibodies of ehrlichiosis, anaplasmosis, borreliosis, leishmaniosis and antigens of Dirofilaria immitis. The
diagnosis of vector-borne diseases was performed by using a commercial ELISA assay kits. PLT count was performed
with an automated blood cell counter analyser. In addition, PT, APTT and FIB concentrations were measured using a
microcoagulometer. D-dimer concentrations were determined using fluorescence immunoassay rapid quantitave test
analyser. Subgroups were formed according to the number of cases and the distribution of vector-borne agent. Statisti-
cally significant decreased PLT count was found in dogs mono infected with ehrlichiosis compared to healthy dogs (P <
0.001). Changes in mean PT value in the studied animals did not show statistically significant differences among the groups
(P > 0.05). APTT values in the ehrlichiosis mono infection group were significantly higher than that of the healthy control
(P < 0.01). A significant increase in FIB levels were detected for ehrlichiosis mono infection and ehrlichiosis - leishmani-
osis co infection versus healthy control (P < 0.001). Plasma D-dimer concentrations were found to be higher in all groups
infected with vector borne diseases compared to healthy group (P < 0.001) and the differences between infected groups were
not statistically significant.

Discussion: Bleeding disorders such as epistaxis, haematuria and haemorrhagic diarrhoea has been reported in dogs with
vector-borne diseases. These disorders represent the main cause of death in dogs. In the present study, thrombocytopenia was
observed in dogs mono infected with ehrlichiosis compared to healthy. This finding is in agreement with those reported in
dogs with ehrlichiosis. Plasma FIB is one of the most important factors in the coagulation cascade. In the present study, a sig-
nificant difference between dogs with ehrlichiosis mono infection and ehrlichiosis - leishmaniosis co infection versus healthy
controls group was observed. PT and APTT are commonly used in evaluating dogs with bleeding tendencies. In the present
study, a significant difference between dogs with ehrlichiosis and with healthy control was observed in APTT values, however,
differences in PT values compared to healthy dogs were insignificant. No statistical difference in PT values might be related
to the lower sensitivity of the commercial PT assays. In dogs, D-dimer concentrations can be elevated due to disseminated
intravascular coagulopathy, infections, metabolic disorders, neoplasia and post-surgically. In the present study, a significant
increase in D-dimer concentration was observed in all dogs with vector-borne diseases. This finding points to the activation
of the fibrinolysis system in consequence of thrombophilia. In conclusion, elevations presented in coagulation biomarkers
such as APTT, FIB and D-dimer in the present study were interpreted as with the effects of vector-borne diseases. It may be
briefly suggested that D-dimer levels as a marker of pro-coagulatory activity, as well as fibrinolysis, indicates the highly active
and excessive coagulation, and all through are risk factors for thromboembolic disorders. Therefore, these findings should be
considered in the diagnosis, treatment and prognosis of the vector-borne diseases in dogs.
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INTRODUCTION

Infectious and zoonotic vector-borne diseases
possesses significant health problem directly affecting
human and animal health. Vectors such as ticks and flies
play an important role in the transport of many rickettsial,
parasitic, spirochetal and bacterial diseases. Diseases
transmitted via ticks/flies accompany serious infection,
organ dysfunction and death. Vector-borne diseases such
as leishmaniosis, ehrlichiosis, borreliosis, and dirofilaria-
sis are very important because of increased importation
of different dog breeds from foreign countries, as well
as control requirements of exposed pets [23,25,26,28].

Vector-borne diseases represent a diagnostic
challenge as they usually cause non-specific signs and
clinical manifestations which may vary according to
the pathogen involved, parasitemia or bacteraemia
level, immune status and age of the dog [1,26,31].
In veterinary medical practice, sometimes dogs are
presented for episodes of bleeding tendencies for
unknown reason. In evaluating dogs with bleeding
tendencies, coagulation tests are very important. These
tests include platelet (PLT) count and buccal mucosal
bleed time for primary haemostasis; one-stage pro-
thrombin time (PT), activated partial thromboplastin
time (APTT), and activated clotting time (ACT) for
secondary haemostasis; products such as fibrinogen
(FIB) degradation products and D-dimers for fibrino-
lysis; and measurement of proteins C and S and anti-
thrombin activity to evaluate endogenous anticoagulant
potential [6,35].

Vector-borne diseases are mostly character-
ized by fever and other relevant signs and infection
might exist occur not only in dogs, but also in people.
It is clear that a literature-based search on zoonotic
ailments necessitated a clinically-based study of the
increasingly prevalent ehrlichiosis, anaplasmosis and
leishmaniosis. In Turkey apart from some limited case
reports or small population studies, no clinical based
and detailed study is evident. Thus the lack of studies
and ethiopathological analysis, a detailed survey is
promptly required.

Results through evaluation of coagulation
disorders among vector borne diseases should be of
beneficial for both human and dogs studies. Accord-
ing to the present authors knowledge reports regarding
coagulation and haemostatic profile alterations and
related studies composed of changes in APTT, PT, FIB
and D-dimer levels in dogs naturally infected with one

or more vector-borne pathogens are lacking. Therefore,
the present study was aimed to detecting those param-
eters for relation between diagnosis and prognosis of
vector-borne diseases among dogs.

MATERIALS AND METHODS

Material, sample collection and diagnosis

The material of this study was 46 dogs (36 were
naturally infected with vector-borne diseases and 10 were
healthy) from different breed, age and of both sexes. All of
the animals referred from the around the Aegean coast of
Turkey. The data collector recorded a detailed anamnesis
and, performed a full physical examination and findings
were recorded for each dog. Clinical signs of the infected
dogs were consistent with vector-borne diseases based
on weight loss, pale mucous membranes and lymph-
adenopathy. Venous blood samples (EDTA, citrate and
serum gel tubes) were obtained from the cephalic veins
of dogs to detect PLT counts, antibodies of ehrlichiosis,
anaplasmosis, borreliosis, leishmaniosis and antigens of
Dirofilaria immitis. The diagnosis of vector-borne dis-
eases was performed by using a commercial ELISA assay
kits (Snap 4DX plus and Snap Leish test)'. In addition,
differential diagnosis of some other infectious diseases
(babesiosis, hepatozoonosis) which could cause similar
clinical or laboratory findings was searched by cytological
examination of blood samples. Healthy dogs as control
group were selected according to anamnesis, physical
examination, hematological and biochemical findings.

Determination of coagulation profile

PLT count was performed with an automated
blood cell counter analyser Abacus Junior Vet 5% In
addition, PT, APTT and FIB concentrations were
measured using a semi-automated four channel mi-
crocoagulometer®. D-dimer concentrations were deter-
mined using Finecare fluorescence immunoassay rapid
quantitave test analyser*. The dogs diagnosed naturally
infected with vector-borne diseases were classified
into two groups as mono or co-infected. Subgroups
were formed according to the number of cases and the
distribution of infectious agent.

Statistical analysis

Statistical analysis of the results was performed
by use of software package program®. In each group
arithmetic mean (X) and standard deviation (SD) values
were calculated. Distribution of the values was evalu-
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ated by Kolmogorov—Smirnov or Shapiro-Wilk test.
Parameters not normally distributed were analysed by
nonparametric methods. Kruskall-Wallis test was per-
formed to comparison of parameters between groups.

RESULTS

The mean age, sex and breeds of healthy dogs
and dogs infected with vector borne diseases was sum-
marized in Table 1. Classification of groups and related
data were shown in Table 2, deemed there was no bor-
relliosis infection prevalent.

Statistically significant decreased PLT count
was found in dogs mono infection with ehrlichiosis

compared to healthy dogs (P <0.001). Changes in mean
PT value in the studied animals did not show statistically
significant differences among the groups (P > 0.05).
APTT values in the ehrlichiosis mono infection group
were significantly higher than that of the healthy control
(P <0.001). A significant increase in FIB levels were
detected for ehrlichiosis mono infection and ehrlichio-
sis - leishmaniosis co infection versus healthy control
(P < 0.001). Plasma D-dimer concentrations were
found to be higher in all groups infected with vector
borne diseases compared to healthy group (P < 0.001)
and the differences between infected groups were not
statistically significant.

Table 1. Demographic characteristics of the healthy and dogs naturally infected with one or more vector-borne diseases (ehrlichiosis, anaplasmosis,

leishmaniosis, dirofilariasis).

Healthy (n =10)

Infected with vector-borne diseases (n = 36)

Age (years) 6.4+2.1 4.6+39
Sex (male/female) 4/6 17/19

Cross breed 16

Labrador retreiver 4 9

Breed Anatolian shepherd dog 2 6
(n) German shepherd 1 2
Pointer 3 2

Boxer 1

Table 2. Platelet (PLT) count, prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen (FIB) and D-dimer levels in
healthy and dogs naturally infected with one or more vector-borne diseases.

Group PLT (x10°/L) PT (s) APTT (s) FIB (mg/dL) D-dimer (mg/L)
Healthy (n=10) 355 £ 1028 9.1+0.7 12.7 £ 1.1° 163 + 57¢ 0.09 £0.0*
Ehrlichiosis (n=12) 104 + 146° 9.1+2.0 23.1+9.2° 396 = 182° 2.7+3.1°
Ehrlichiosis
+ 199 + 181® 85+1.3 153 +£3.3® 306 + 134 1.5+1.5°
Anaplasmosis (n=7)
Leishmaniosis (n=6) 457 £ 206* 13.0£10.8 16.4 £ 5.2%® 316 =221 1.8 +1.1°
Ehrlichiosis
+ 162 + 136%™ 9.5+0.97 15.5 +3.3® 343 + 164° 0.9 +0.4°
Leishmaniosis (n=6)
Dirofilariasis (n=5) 470 £ 4322 124 +9.7 17.8 + 10.5® 208 + 113 2.4 +2.8°
P 0.001 0.694 0.004 0.001 0.001

Statistical differences between groups were shown with different letters in the same column.
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DISCUSSION

Vector-borne diseases are among the principal
concern to world public health, both in humans and
animals. In veterinary medicine their impact is reflected
by economic loss in livestock animals at major scale
and home economies, not only due to health problems,
but also due to control and treatments [ 14,18]. In dogs,
the main health associated problems with vectors such
as ticks, phlebotomine sand flies, and mosquitoes are
transmission of diseases such as ehrlichiosis, anaplas-
mosis, babesiosis, hepatozoonosis, leishmaniasis and
dirofilariasis [23,25]. The vector-borne diseases cause
severe damage to various organs in the host. In the
veterinary practice, fever, lethargy, anorexia, pale mu-
cous membranes, lymphadenomegaly, splenomegaly,
clotting disorders are reported as major clinical signs
in dogs with vector-borne diseases [6,8]. The clinical
signs associated with ehrlichiosis, anaplasmosis, leish-
maniasis and dirofilariasis described in the dogs in this
study were consistent with signs previously reported
in the literature [25]. Prior to start of the study the
present investigators thought that all selected vector
borne diseases are prevalent in this region, whereas
Lyme disease (borrelliosis) was neither evident nor
prevalent [36].

There is little information on the evaluation of
coagulation disorders in dogs naturally infected by one
or more vector-borne pathogens. In most instances,
published data describing coagulation alterations in
dogs infected by one or more vector-borne pathogens
derive from case reports, cross-sectional studies, or
naturally infection studies involving single pathogens
[7,10,29,34]. Bleeding disorders such as epistaxis,
haematuria and haemorrhagic diarrhoea has been re-
ported in dogs with vector-borne diseases [2,6]. These
disorders represent the main cause of death in dogs,
especially with ehrlichiosis. Thrombocytopenia usu-
ally presents with bleeding [6]. Thrombocytopenia is
the most common manifestation of vector-borne dis-
eases [8]. Low PLT numbers contribute significantly
towards the morbidity and mortality of infection. As-
sessment of the PLT count in the diagnosis of primary
haemostasis is an important step [17]. In the present
study, thrombocytopenia was observed in dogs mono
infected with ehrlichiosis compared to healthy dogs.
This finding is in agreement with those reported in
dogs with ehrlichiosis [13,16]. Bleeding disorder was
seen only in a single dog with thrombocytopenia in

the present study. Bleeding tendency could be related
to this disorder as with ehrlichiosis. The pathogenic
mechanism of PLT disorders in ehrlichiosis is not
clear. Thrombocytopenia in ehrlichiosis has been
associated with increased PLT consumption due to
immune-mediated destruction and sequestration in the
spleen, decreased production of PLT, or combination
of these mechanisms [4,17,24].

The FIB in the glycoprotein structure, des-
ignated factor I, is synthesized by the liver and con-
verted to fibrin by thrombin during blood coagulation
[12]. Plasma FIB is one of the most important factors
in the coagulation cascade and its concentration can
be elevated in other clinical conditions such as infec-
tions, haemodynamic impairment, cardiac, lung and
aortic diseases and malignancies, as an acute-phase
reactant [15]. The blood FIB concentration may
increase in acute and chronic conditions as an acute-
phase reactant in canine ehrlichiosis. There are few
studies on the relationship between FIB concentration
and vector-borne diseases in dogs [6, 27]. Edirimanne
et al. [9] reported that FIB levels were significantly
higher in dogs with ehrlichiosis. In another study,
Ciaramella et al. [6] showed that FIB concentrations
were no significantly higher in dogs with markedly
symptomatic leishmaniosis. In the present study, a
significant difference between dogs with ehrlichiosis
mono infection and ehrlichiosis - leishmaniosis co
infection versus healthy controls group was observed.
The increases in FIB concentrations are likely due
to increased rate of synthesis probably stimulated
by cytokines, growth factors, hormones, and other
cellular effectors [3].

PT and APTT are commonly used coagulation
biomarkers for interpretation of dogs with bleeding
tendencies. In a prior study, the APTT values were
significantly elevated in dogs with ehrlichiosis [31].
Another study comprising dogs, prolonged APTT
was found during leishmaniosis mono infection [6],
and ehrlichiosis - leishmaniosis co infection [7], in
particular when accompanied by liver dysfunctions
lowering the synthesis of on ore more coagulation
factors. In current study, a significant difference be-
tween dogs with ehrlichiosis and healthy control, was
observed in APTT values, however, differences in PT
values compared to healthy dogs were insignificant.
No statistical difference in PT values might be related
to the lower sensitivity of the commercial PT assays
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[19]. Prolonged APTT and normal PT values could be
due to deficiency of coagulation factors VIII, IX and
XI[19,33].

D-dimer is a degradation product of cross-
linked fibrin that may be increased with clot formation
and fibrinolysis [21,22]. In dogs, D-dimer concentra-
tions can be elevated due to disseminated intravascular
coagulopathy (DIC), infections, metabolic disorders,
neoplasia and post-surgically [11,30,37]. This param-
eter is also one of few indicators of a prothrombotic
state that leads to DIC [32]. In the present study, a
significant increase in D-dimer concentration was
observed in all dogs with vector-borne diseases. This
finding points out the activation of the fibrinolysis sys-
tem in consequence of thrombophilia [20]. An increase
in the value of D-dimer was determined in one of the
two dogs infected with Anaplasma phagocytophilum
[10]. In another study, Carretdn et al. [5] reported that
D-dimer concentrations were significantly higher in
dogs with dirofilariasis.

CONCLUSIONS

In conclusion, elevations presented in coagula-
tion biomarkers such as APTT, FIB and D-dimer in the
present study were interpreted as with the effects of

vector-borne diseases. It may be briefly suggested that
D-dimer levels as a marker of pro-coagulatory activity,
as well as fibrinolysis, indicates the highly active and
excessive coagulation, and all through are risk factors
for thromboembolic disorders. Therefore, these find-
ings should be considered in the diagnosis, treatment
and prognosis of the vector-borne diseases in dogs.
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