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ABSTRACT

The aim of the present study was to determine the seroprevalence and the occurrence of important some
canine vector-borne diseases in the city of Plovdiv, Bulgaria. A total of 84 blood samples (46 from stray
dogs and 38 from pets) were tested. The CANIV-4 diagnostic kit (BIONOTE) was used to detect
infections with Dirofilaria immitis, Anaplasma phagocytophilum/Anaplasma platys, Borrelia
burgdorferi and Ehrlihia canis. A cytological examination of blood smears was performed in order to
establish causative agents. Thirty samples (65.2%) were found positive for one or more of these
causative agents. Ehrlihia canis infection was detected in 14 samples, Anaplasma phagocytophilum
/Anaplasma platys in 12 samples, and an invasion with Dirofilaria immitis in 11 samples. No Borrelia
burgdorferi infection was established. Co-infection was found in 7 samples. Antibodies against Ehrlihia
spp. and Anaplasma spp. were detected in 5 samples and a co-infection of Anaplasma spp. with
Dirofilaria immitis was observed in 2 samples. Microfilariae were observed in all blood smears from
positive samples, while the Ehrlihia morulas were found only in one sample from a dog with
splenomegaly and moderate cachexia.
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INTRODUCTION

Canine vector-borne diseases (CVBDs) include
a wide variety of diseases of infectious and
parasitic  aetiology, whose agents are
transmitted by ectoparasites (ticks, mosquitoes,
etc.). (1). They are widespread in many
countries around the world and have important
epidemic significance, which has increased in
recent decades (2-8). CVBDs occur with high
morbidity and mortality in dogs (8), some of
them being zoonotic and may therefore pose a
risk to the public health (9). In Europe, these
diseases are most prevalent in the
Mediterranean  countries (10). Recently,
however, there has been a tendency to expand
their prevalence due to climate change leading
to the expansion of the areals of their vectors (4,
11, 12). According to Genchi et al. (11)
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these diseases are also expected to occur in
European countries where they have not been
present previously. Thus, in recent years, there
has been an expansion of dirofilariasis in dogs
to countries in Central and Northern Europe
(10).

In Bulgaria, CVBDs have been found relatively
recently, with the first studies being conducted
in the 1990s and at the beginning of this century.

Tsachev (13) and Tsachev et al. (14, 15) for the
first time carried out seroepidemiologic studies
of the prevalence of Ehrlihia canis (E. canis)
initially in the Plovdiv region, and later in other
regions of Southern and Northern Bulgaria. A
high percentage of dogs, seropositive for this
pathogen was found, resp. 37.5% in the northern
part of the country and 30% in the southern,
with the highest percentage in the Plovdiv
region (75% in the first and 50% in the next
study, respectively).
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Infection with Anaplasma phagocytophilum (A.
phagocytophilum) in Bulgaria was first found
and studied by Tsachev et al. (16) in an 8-year-
old dog in Stara Zagora. Subsequent studies
have shown the spread of the disease only in the
southern regions (3.5% in Plovdiv and 17.4% in
Stara Zagora), but not in Northern Bulgaria
17).

The first cases of dirofilariasis in dogs in
Bulgaria were identified by Georgieva et al.
2001 in 1997 - 1999 among pets and stray dogs,
where the percentage of seroprevalence was 1.4
and 12.5, respectively (17). Later Kirkova et al.
(18) found that dirofilariasis in Southern
Bulgaria is mainly caused by Dirofilaria
immitis (D. immitis) (9.2%) and to a lesser
extent by Dirofilaria repens (1.4%). The
presence of D. immitis has been described and
studied in some regions of the country
(according to Pantchev et al., 9), including in
the capital Sofia (19), where the percentage of
seroreagents was the highest (31.25% among
stray dogs). In Plovdiv and the adjacent
settlements for 5 years (2001-2006), 87 cases of
the disease were identified, and the number of
newly diagnosed animals increased every year
(20).

The first test for infection with Borrelia
burgdorferi (B. burgdorferi) in dogs in Bulgaria
was performed by Anguelov et al. (21), who
reported a seroprevalence of 74.5% in enzootic
regions (not specified). Later studies by Zarkov
and Marinov (22), Martinov et al. (23) and
Tsachev and Petrov (24) demonstrate a low
prevalence of the infection.

The prevalence of other CVBDs such as canine
visceral leishmaniosis, as well as diseases
caused by Babesia canis and Hepatozoon canis
(9) have also been studied.

Studies on the prevalence of CVBDs have been
conducted in Bulgaria’s neighbouring and
nearby countries (10, 25-28).

The review of the publications shows that
CVBDs are prevalent in Bulgaria, incl. the
region of Plovdiv. The last presented results for
Plovdiv, however, are from more than ten years
ago. Data on the presentation of these diseases
are insufficient. Therefore, the goal of the
present study was to determine the
seroprevalence and the occurrence of important
CVBD:s in dogs from the city of Plovdiv with a
focus on diseases caused by D. immitis, A.
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phagocytophilum / A. platys, B. burgdorferi and
E. canis.

MATERIAL AND METHODS

Study area

Plovdiv (42°14°N and 24°74 E, altitude - 160
m) is the second-largest city of Bulgaria
(approx. 350000 population). It is situated in
south-central Bulgaria on the two banks of
the Maritsa River (Figure 1,
https://www.stepmap.com/map/plovdiv-
hI3b63ZzyZ-i). The Plovdiv area has a humid
climate that is mild, with no dry season (year-
round rainfall). Seasonality is moderate
(Koppen-Geiger  classification -  Cfa).
According to the Holdridge life zones system of
bioclimatic classification Plovdiv is situated in
or near thecool temperate steppe biome
(www.plovdiv.climatemps.com). The town is
an important industrial and transport center.
Agriculture and livestock are highly developed
in the area around it.

According to the Municipality of Plovdiv, the
number of stray dogs in the city in 2019 was
515. From 17.12.2017 to date, 9219 pet dogs
have been officially registered in the
Municipality of Plovdiv
(https://www.plovdiv.bg/item/ecology).

Animals and sample collection

During the period April 2018 - October 2019, a
total of 84 blood samples from dogs (45 males
and 37 females) were tested, of which 46 blood
samples from stray dogs residing on the
territory of municipal enterprise  “Zoo
veterinary Complex” - Plovdiv (24 males and
22 females) and 38 from pets, randomly
selected patients of the Veterinary Clinic “St.
George” - Plovdiv (21 males and 15 females).
The tested samples were from dogs caught
(respectively living) in the six neighbourhood
of Plovdiv.

All stray dogs studied were mixed breed, while
domestic dogs were various pure breeds.

A 5 ml blood sample was obtained from v.
saphena of each dog using tubes with
anticoagulant (EDTA) in compliance with all
rules for biosecurity and animal welfare.

Serologic assay

The obtained samples were tested with CANIV-
4 diagnostic kits (BIONOTE), for detection of
D. immitis antigen and antibody against A.
phagocytophilum/A. platys, B. burgdorferi and
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E. canis. Whole blood was used for this purpose
according to the manufacturer's instructions.

Additional tests

All studied animals were observed for the
clinical presentation of the disease - general
condition, nutrition, eye condition, and vision
(only in the ones seropositive for A.
phagocytophilum/A. platys and E. canis),
pathological leaks from natural orifices. During
the operation, if possible, the spleen was
palpated to detect possible splenomegaly.

Blood smears were also prepared from the
positive samples for microscopic examination.

ARNAUDOV A.
The smears were stained with a kit for instant
colouring DKK Color-200 (VIVA-MT,
Bulgaria) and were observed with an Olympus
CX22LED light microscope for the presence of
intracytoplasmic inclusions and morulae or the
body of the parasites.

Statistical analysis

Seropositivity rates were compared according
to lifestyle (stray and pets) and sex (male or
female). Associations between seropositivity
and the remaining variables were assessed using
the chi-squared test and Student-t test.
Significance was set at p< 0.05.
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' Figure 1. Field study area

RESULTS AND DISCUSSION
The data on the identified seroreagents, broken down
by lifestyle and sex are presented in Table 1.

Table 1. The frequency (number) and prevalence ( in
Plovdiv, Bulgaria broken down by lifestyle and sex

%) of vector-borne pathogens dogs from

Category Dogs Total Di® Ec® Ap° Bb¢ Ec+Ap® | Ap+Dif Total number and % of
dogs examined number seroreagents
and % of (both infection an co-infection):
seroreagents Di? EcP Ap°
1. life style
1. Outdoor 46 30/65.2 * 9/19.5** 9/30.4* | 5/10.9* | 0/0 5/10.9* 2/4.3* 11/23.9** 14/30.4* | 12/26.1*
2. Indoor 38 4/10.5 4/10.5 0/0 0/0 0/0 0/0 0/0 4/10.5 0/0 0/0
1l. Gender
1. Male 45 21/46.6 ** 8/17.8** 5/11.1** | 3/6.7** 0/0 4/8.8** 1/2.2** 9/19.5** 9/19.5 7/15.55
2. Female 37 13/35.1 5/13.5 4/10.8 2/5.4 0/0 1/2.7 127 6/16.2 5/13.5 5/13.51

D, immitis ° E. canis, °A.phagocyticum/platis, ¢ B. burgdorferi, °E. canis+A.phagocyticum/platis co-infection,

D. immitis+A.phagocyticum/platis co-infection, *p<0.01, **p>0.05
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From the total of 46 studied blood samples from
stray dogs, only 16 of them (34.8%) showed a
negative result, and in the remaining 30 samples
(65.2%) a positive result was found as follows:
14 samples (30.4%) for E. canis, 12 samples
(26.1%) for A. phagocytophilum/A. platys, and
11 samples (23.9%) for D. immitis. Antibody
agains B. burgdorferi was no found. This
negative finding correlates with the data of
researchers from both Bulgaria and other
countries, according to which the percentage of
dogs seropositive for B. burgdorferi is very low
(8,9, 22-25, 28).

The percentage of seropositive dogs for one or
more pathogens we found is remarkably close
to the data of Panchev et al. (9) for the region of
St. Zagora (64.7%). From this it can be
concluded that in the studied regions of
Bulgaria the prevalence of these diseases is
wider than in neighbouring and nearby
countries - Greece - 21.8% (25), Hungary 13%
(28) and Romania 11.3% (8).

In 7 samples coinfection was found - for 5
samples coinfection of A. phagocytophilum / A.
platys and E. canis and for 2 samples -
coinfection of A. phagocytophilum / A. platys
and D. immitis. Therefore, the total percentage
of seroreagents (80.4) is higher than the actual
one (65.2%).

ARNAUDOV A.
Of the studied 38 samples from dogs kept
indoors only 4 of them showed a positive result
(10.5%). All seroreagents were infested with
only D. immitis. The total number of
seropositive dogs kept indoors is significantly
lower than the number of seropositive stray
dogs (p<0.01).

Dirofilaria immitis

No significant differences were found between
the number of seropositive stray and pet dogs
for D. immitis, as well as between male and
female animals (p>0.05). In this respect, our
results coincide with those of Yildirma et al.
(29) who did not find a significant difference
between the percentage of seropositive pet and
stray dogs in the Kaysery area, Turkey.

No changes in the general condition of the
studied animals were observed.

Mature forms D. immitis were found in blood
smears from the seroreagents (Figure 2).

The study confirms the conclusion of
Stoyanova et al (19) that the spread of the
disease in Bulgaria and in Europe in recent
years is increasing. It can also be concluded that
dirofilariasis is more common in the studied
regions of Bulgaria (Sofia, Plovdiv and Stara
Zagora) compared to neighbouring and nearby
countries (8, 25, 26, 28), where the percentage
of seropositive dogs is between 2.4 to 9.6.

Figure 2. D. immitis in blood stream.HEx200

Ehrlihia canis

This infection was found only in stray dogs.
Although the number and percentage of
seropositive dogs were higher in males, no
significant difference was found in the infection
rates of the two sexes with E. canis (p>0.05).

This is similar to the conclusion of Tsachev et
Kontos that the spread of the disease does not
depend on the sex and age of the dogs (14).

Our results for the spread of ehrlichiosis in
dogs are remarkably close to the results
obtained by Tsachev for Southern Bulgaria and
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the more recent data of Panchev et al. (9) for
Stara Zagora (21%), as well as with the data of
Pavlovic et al. (27) for Belgrade area (28.35%
seropositive dogs kept in a shelter) and the data
of Cetinkaya et al. (26) for cities in Eastern
Thrace (Turkey) - 27.25%. Similar to the data
of Angelou et al. (25) for the spread of
ehrlichiosis in Greece, our results showed that
this disease is the most widespread of the
CVBDs in the Plovdiv region. This can be
explained by the widespread prevalence of the
disease vector - Rhipicephalus sanguineus (13).

_

ARNAUDOV A.
This tick is a common vector of E. canis and A.
platys, which may explain the fact that the most
common coinfection with CVBDs in Bulgaria is
ehrlichiosis and anaplasmaosis (9).
Moderate cachexia was found in 4 dogs and
splenomegaly in one dog.

In the cytological examination of blood smears,
morulae of E. canis were observed in only one
sample, in a monocyte of dog with
splenomegaly and moderate cachexia (Figure
3).

-l

Fi‘gAure 3. Morulae of E. canis in monocyte (arrow).HEx600

Anaplasma
platys

The results obtained for this infection were
similar to those for the infection with E. canis.
The disease was found only in stray dogs, with
no significant difference between the number of
infected males and females (p>0.05). No
morulae of anaplasmas were observed during
the cytological examination. No changes in the
general condition of the infected animals were
found. As in ehrlichiosis, in anaplasmosis
morulae are found only in the acute form of the
disease (30).

phagocytophilum/Anaplasma

The results obtained for the spread of
anaplasmosis among dogs in Plovdiv are closest
to the data of Pavlovic et al. (28) for Belgrade,
where the percentage of seropositive dogs kept
in a shelter is 19.40. Our data is significantly
higher than that of Tsachev (according to 9) for
Plovdiv since 2009 (3.5% seropositive), which
shows that in one decade the spread of the
disease in the city has increased more than
seven times. This suggests paying serious
attention to the disease, given that dogs (mainly
stray dogs) have important epidemiological

significance as an important reservoir of
infection (16). The control of the disease is
further complicated, as it is mainly
asymptomatic and cytological examinations
often give a false negative result. This requires
periodic screening with serological and PCR
tests to obtain real information about the scope
and prevalence of anaplasmosis in canine
populations.

CONCLUSIONS

Widespread ehrlichiosis, dirofilariasis and
anaplasmosis have been found among dogs in
the city of Plovdiv. The diseases were found
mainly among stray dogs, and the only
dirofilariasis was found among pets. The
diseases are mainly asymptomatic.
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