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ABSTRACT

Background: In recent years, the One Health approach and vector-borne diseases have become an increasingly topical
problem around the world. In addition, climate change has a significant impact on zoonoses and public health. We

present a case report of tick-borne disease in a dog.

Case Description: A clinical case of Anaplasma platys infection in a 10-year-old female dog (Labrador retriever)
is described. Clinical, hematological, biochemical, serological, cytological, and polymerase chain reaction tests

supporting the diagnosis have been performed.

Conclusion: To the best of our knowledge, this is the first report of 4. platys from Bulgaria. This report adds to the
overall knowledge of Anaplasma spp. in our country and the region of Southeastern Europe.
Keywords: Anaplasma platys, Bulgaria, Dog, Molecular evidence.

Introduction
Anaplasma  platys  (formerly  Ehrlichia platys),
responsible for canine infectious cyclic

thrombocytopenia is an example of a tick-borne
pathogen with zoonotic potential (Breitschwerdt
et al., 2014). These microorganisms belong to the
family Anaplasmataceae, order Rickettsiales, and it is
gram-negative, obligate intracellular bacteria whose
environmental cycle involves complex interactions
between invertebrate vectors and vertebrate hosts
(Granick et al., 2023). This bacterium is mainly
transmitted by the members of the Rhipicephalus
sanguineus group (Nava et al., 2018). Ticks serve
as essential biological vectors in the spread and
reproduction of 4. platys during different stages of its
life cycle (Snellgrove et al., 2020). Anaplasma platys
infects canine platelets and is the causative agent of
the infectious canine cyclic thrombocytopenia (Harvey
et al., 1978). It is also important to highlight that this
pathogen does not only infect dogs, it also infects other
hosts—bactrian camel (Liet al., 2015), cats (Lima et al.,
2010), cattle (Dahmani et al., 2015), collared peccary
(Pecari tajacu) (Rojas-Jaimes and Del Valle-Mendoza,
2023), dromedary camel (Bastos et al., 2015), goats
(Ben Said et al., 2017), red fox (Cardoso et al., 2015),

roe deer (Remesar et al., 2022), sheep (Ben Said et al.,
2017), striped field mouse (Adpodemus agrarius) (Kim
et al., 2006), and water buffalo (Nguyen et al., 2020).
Although the role of A. platys as a zoonotic agent has
not been conclusively proven, it is currently believed
that 4. platys can infect humans (CDC, 2024). There
are reports suggesting potential zoonotic transmission
of A. platys to humans (Maggi et al., 2013; Arraga-
Alvarado et al., 2014; Breitschwerdt et al., 2014).
This is supported by the fact that A. platys DNA was
sequenced from two human cases and was identical
to that found in their respective dogs (Breitschwerdt
etal.,2014).

The infection is typically asymptomatic or mild but
can be fatal due to severe thrombocytopenia and
subsequent hemorrhage (Diniz and Moura de Aguiar,
2022). Clinical symptoms vary but are mainly animal
emaciation, lethargy, anorexia, respiratory distress,
fever, increased mucous secretion, purulent discharge
from the eyes, uveitis splenomegaly and hyperkeratosis
of the muzzle (Sainz et al., 2015; Nimsuphan ef al.,
2020; Atif et al., 2021).

Anaplasma platys was first discovered in 1978, in the
United States (US) by Harvey ef al. (1978) and his
scientific team (Harvey ef al., 1978). Since then, it has
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also been identified in Africa, Asia, Australia, Central
America, and South America (Eiras et al., 2013; Soares
et al., 2017; Atif et al., 2021). In Southern Europe, the
presence of A. platys has been confirmed in several
countries, particularly within the Mediterranean basin
and the Balkan peninsula—Albania (Hamel et al.,
2016), Bosnia and Herzegovina (Maksimovic et al.,
2022), Croatia (Dyachenko et al, 2012), Cyprus
(Bouzouraa et al., 2016), Greece (Kontos et al., 1991),
Italy (de la Fuente et al., 2006), Portugal (Cardoso
et al., 2010), Romania (Andersson ef al., 2013), Serbia
(Ilic Bozovic et al., 2021), Spain (Perez Perez et al.,
2021), and Tiirkiye (Cetinkaya et al., 2016).

In Bulgaria, several studies have investigated
Anaplasma spp. in various hosts, including—ticks
(Christova et al., 2003; Nader et al., 2018; Stanilov
et al., 2023; Polsomboon Nelson et al., 2024), rodents
(Christova and Gladnishka, 2005), dogs (Tsachev
et al., 2008; Pantchev et al., 2015; Iliev et al., 2020;
Manev, 2020; Gospodinova et al., 2024), and horses
(Tsachev et al., 2018; Tsachev et al., 2019). While all
these articles reported on Anaplasma phagocytophilum
or Anaplasma spp., there has been no research from
Bulgaria documenting the presence of 4. platys. In this
study, we present, for the first time, polymerase chain
reaction (PCR)-based assays for detecting A. platys
infection in dogs from Bulgaria.

Case Details

A 10-year-old female dog (Labrador retriever) was
admitted for medical examination at the Small Animal
Clinic, University Veterinary Hospital, Stara Zagora,
Bulgaria, in August, 2022. Owners reported fever,
fatigue, weight loss, skin lesions, sores on lower
extremities, and tick bites about 2 weeks ago. We did
not have access to these ticks.

Written informed consent for participation in the
current report was obtained from the dog owner. The
present case description was approved by the Local
Ethics Committee at Trakia University, Stara Zagora,
Bulgaria (FVM-09 / 09 June 2020).

A blood sample was obtained from the vena cephalica
antebrachii externa using vacuum containers with
EDTA. The blood was used for hematological and
biochemical tests.

The labrador‘s hematological examinations showed
deviations in the values of indicators from the red and
white blood count: thrombocytopenia, leukocytosis,
erythropenia, neutrophilia, hemoglobinemia, and
decreased hematocrit (Table 1). Furthermore,
we also observed deviations in the biochemical
indicators—increased levels of liver enzymes alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST), and increased levels of total protein and
globulins, without changes in the levels of the albumin
fraction.

A blood smear from the buffy coat, stained with
commercial kit Hemacolor Stain Set (Sigma-Aldrich,

Merck, USA) was made for cytological investigation.
On microscopic examination, 4. platys morulae were
not observed in platelets.

The clinical signs and symptoms, along with deviations
in hematological and biochemical data, provided
justification to perform serological and subsequent
molecular genetic assays to confirm infection with
bacteria from the family Anaplasmataceae.

The blood sample was initially tested for the
presence of IgG-specific antibodies against A.
phagocytophilum/A. platys, and Borrelia burgdorferi,
as well as for the specific antigen of Dirofilaria
immitis using a SNAP immunoassay (SNAP4Dx Plus,
IDEXX Laboratories, Inc. USA). The test was positive
for antibodies against Anaplasma spp. Subsequently,
a blood sample was used for molecular analysis for
the presence of A. phagocytophilum, A. platys, and
Ehrlichia canis DNA.

DNA was extracted from blood samples by the column
extraction method using the High Pure PCR Template
Preparation Kit (Roche Diagnostic, Mannheim,
Germany) following the manufacturer’s instructions.
The extracted DNA was stored at —20.0°C until PCR
analysis. To minimize the chances of contamination,
DNA extraction was performed under a biosafety hood
in a dedicated room, using equipment exclusively
reserved for DNA extraction.

The gradient PCR was conducted to optimize the
annealing temperatures for any PCR (AERIS PCR
system, Esco, Singapore). The DNA sample was then
tested for the presence of the 16S rRNA gene specific
to the family Anaplasmataceae, with a conventional
PCR as previously described by Gospodinova et al.
(2024). Further screening was performed, using genus-
specific primers (Parola et al., 2000) (Table 2).

A second PCR was performed using the 4. platys
species-specific primers targeting a 678 bp amplicon
of the 16S rRNA gene. The 4. platys specific forward
primer (Table 2) was combined with the reverse primer
from the first round of PCR (Inokuma et al., 2000).
Each PCR run included both a positive and a negative
control. DEPC-treated water was used as a template in
the negative control, while positive 4. platys genomic
DNA was used for the positive control. The positive
A. platys genomic DNA was kindly provided by Prof.
Handan Cetinkaya from the Department of Parasitology,
Faculty of Veterinary Medicine, Istanbul University,
Tiirkiye. The PCR reaction mixture contained 10
ul ready for use buffer mix (KAPA2G Robust Hot
Start ReadyMix with dye 2x; Roche Diagnostics,
Mannheim, Germany) with 5U Taq DNA polymerase,
3 mM MgCl, and 1 mM dNTPs, 10 pmol of each
primer, 2 pl of DNA template and sterile distilled
water to a final volume of 20 pl. The amplification
was performed in an Aeris PCR Thermal Cycler (Esco
Micro Pte Ltd, Singapore) at the appropriate thermal
cycling parameters as follows: initial denaturation for 1
minute at 95.0°C, followed by 40 cycles of 30 seconds
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Table 1. Laboratory indicators in 10-year-old female dog (Labrador retriever) from Bulgaria.

Parameters Results Reference ranges

Haematological profile

White blood cells, WBC (x10°/1) 23.57 6.00-17.00
Neutrophils (x10%1) 19.63 3.62-12.30
Neutrophils (%) 83.4 52.0-81.0
Lymphocytes (x10°/1) 2.93 0.83—4.91
Lymphocytes (%) 12.43 12.0-33.0
Monocytes (x10°/1) 0.66 0.14-1.97
Monocytes (%) 2.8 2.0-13.0
Eosinophils (x10%1) 0.25 0.04-1.62
Eosinophils (%) 1.0 0.5-10.0
Basophils (x10%/1) 0.1 0.0-0.12
Basophils (%) 0.4 0.0-1.30
Red blood cells, RBC (x10'%/1) 3.20 5.50-8.50
Hemoglobin (g/1) 97 120-180
Hematocrit (%) 27.3 37.0-55.0
Mean corpuscular volume, MCV (fl) 66.1 60.0-72.0
Mean corpuscular hemoglobin, MCH (pg) 21.1 19.5-25.5
Mean corpuscular hemoglobin concentration, MCHC (g//1) 355 320-385
Platelet (x10%/1) 129 200-500
Biochemical profile

Total protein (g/1) 92.0 54.0-78.0
Albumin (g/1) 28.4 25.0-37.0
Aspartate aminotransferase, AST (U/1) 212 15.0-40.0
Alanine aminotransferase, ALT (U/I) 88.0 15.0-55.0
Urea (mmol/l) 4.5 1.7-7.4
Creatinine (pmol/l) 85 40-120

Table 2. A family-specific primer set for Anaplasmataceae and species-specific primer sets for A. platys, E. canis, and
A. phagocytophilum.

Target

Pathogens gene Primer sequence References
Anaplasmataceae 16SrRNA  EHR 16SD— F- 5'- GGTACCYACAGAAGAAGTCC - 3° Parola et al., 2000
EHR 16SR—R - 5°- TAGCACTCATCGTTTACAGC - 3°
A. platys 16SrRNA  PLATYSF - 5'- GATTTTTGTCGTAGC-TTG -CTATG 3' Inokuma et al., 2000
EHR 16SD—F- 5°- GGTACCYACAGAAGAAGTCC - 3°
E. canis 16SrRNA  CANIS — F 5'-CAATTATTTATAGCCTCTGGCTATAGGA-3"  Inokuma et al., 2003
GA1UR—R 5'- GAGTTTGCCGGGACTTCTTCT- 3"
A. phagocytophilum  ankA LA1—F 5-GAGAGATGCTTATGGTAAGAC-3" Caturegli et al., 2000
LAG6 - R 5'- CGTTCAGCCATCATTGTGAC- 3' Walls ef al., 2000
at 94.0°C, 30 seconds at 55.0°C, 30 seconds at 72.0°C, Subsequently, samples were tested with a third and
fourth PCR assay using species-specific primer sets
and a final extension for 5 minutes at 72.0°C. for E. canis and A. phagocytophilum, as presented in
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Table 2 and previously described by Inokuma ez al.
(2003), Caturegli et al. (2000), and Walls et al. (2000).
The same procedure and conditions described by
Gospodinova et al. (2024) were followed.

Amplicons were detected by electrophoresis on a 1.5%
agarose gel stained with ethidium bromide (0.5 mg/ml).
A DNA Ladder (by 100 bp, ranging from 100 to 1,000
bp) was included to confirm the expected amplicon size.
The results of the PCR amplification were visualised
under UV light and documented using the Herolab
documentation system and FEasyWin32 software
(Herolab GmbH Laborgerite, Germany). To minimize
the chances of contamination, all manipulations—DNA
extraction, fragment amplification, and agarose gel
electrophoresis were performed in separate rooms with
equipment used exclusively for each step of molecular
genetic investigation.

A 678 bp fragment of 16S rRNA gene sequence
characteristic of 4. platys was only detected in the
sample from the presented case report (Fig. 1).
However, the differentiation of acute infections with 4.
platys from A. phagocytophilum was performed using
conventional PCR-based methods with high sensitivity
and specificity, the main limitation of our study should
be pointed out. We cannot provide the sequence data
and sequencing should be considered in future studies
of A. platys. Additionally, the patient was tested for E.
canis and A. phagocytophilum—the PCR tests were
negative.

On the basis of the performed examination, a diagnosis
of A. platys infection was made. A doxycycline therapy

(10 mg/kg) for 28 days was prescribed. In conclusion,
we observed a good therapeutic outcome.

Discussion

Tick-borne diseases are of increasing importance in
human and veterinary medicine (Vayssier-Taussat
et al., 2015). The number of pathogens transmitted by
ticks is higher than by any other arthropod. In Europe
and other temperate zones, ticks are considered the
most serious arthropod zoonotic vectors (Munderloh,
2017; Andersson ef al., 2018; Kramer et al., 2020).
This research presents the first molecular evidence of
A. platys infection in a dog from Bulgaria. Anaplasma
platys specific conventional PCR revealed a 678 bp
fragment of the 16S rRNA gene of 4. platys in the dog.
The use of PCR allows the detection of acute 4. platys
infection earlier than by serology or microscopy (Lara
et al., 2020). Molecular tests confirmed the current A.
platys infection in the dog.

From the hematological characteristics in the present
case (increased WBC, neutrophils; decreased
RBC, platelet, hemoglobin), only anemia and
thrombocytopenia are common, major abnormal
clinicopathological findings observed in A. platys
infected dogs, but the severity of hematological
abnormalities can be used to predict disease outcome
(Piratae et al., 2019). Thrombocytopenia due to A.
platys infection is thought to result from platelet
destruction by the proliferating pathogen during the
initial phase of infection (Dyachenko et al., 2012;
Bouzouraa et al., 2016; Ilic Bozovic et al., 2021).

Fig. 1. Amplification of the 16S rRNA gene of 4. platys with PLATYS F/EHR16SR primers with approximate size 678
bp. Position 2 = positive control (PC); position 12 = negative control (NTC); position 7 = 100 bp DNA ladder; position 5
= positive sample; position 1,3,4,6,8,9,10,11 = negative samples.
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Elevated concentration levels of liver transaminases
were reported by Bouzouraa et al. (2016), who found
an increase in the value of alkaline phosphatase (AP)
or ALT in 6 of the 10 examined dogs mono- or co-
infected with A. platys (Bouzouraa et al., 2016). The
mechanisms of this phenomenon were not discussed by
the authors (Bouzouraa et al., 2016). In our patient, we
also found elevated AST and ALT levels.
Commercially available point-of-care serological tests
are commonly used in pet clinics as a diagnostic tool.
They are used to detect antibodies against rickettsiae
of the family Anaplasmataceae in clinically suspected
dogs (Stillman et al., 2014; Liu et al., 2018). However,
they only provide information about pathogen
encounters but cannot detect active infection (Nair
et al, 2016). Furthermore, SNAP 4Dx Plus Test
(IDEXX Laboratories, Inc. USA) detects antibodies
against the genus Anaplasma without differentiating
A. phagocytophilum antibodies from those against
A. platys (Evason et al., 2019). Nucleic acid-based
methods allow for the detection and identification of
species by using species-specific primers with high
sensitivity and specificity (Silvestrini et al., 2023).
Microscopy of stained blood smears, a method also
suitable for in-clinic diagnosis, is often unreliable.
Direct visualization of A. platys in blood smears can
be difficult and time-consuming, with low sensitivity,
as they are only detectable in the initial phase of
the infection (Sykes, 2023). Outcomes are highly
dependent on the amount of target cells (degree
of thrombocytopenia), levels of bacteremia, and
infectious status. For 4. platys, light microscopic test
shows low sensitivity also due to the cyclic nature of
thrombocytopenia and the low percentage of infected
cells (between 0.5% and 5.0%), recommending to
examine between 2,000 and 20,000 platelets (Silaghi
et al., 2017). In addition, Lara et al. (2020) reported
that A. platys morula-like structures were occasionally
observed in platelets of serologically negative,
clinically suspected patients. The authors report that
13 samples showed structures resembling the morula
of A. platys, with 61% confirmed as positive by PCR
(Lara et al., 2020). In this regard, false-negative results
from microscopic tests can be detrimental to the
patient’s health, while false-positive results can lead to
unnecessary antibiotic treatment (Lara et al., 2020). The
diagnosis of A. platys-related diseases in pet clinics can
be challenging due to the complex pathogenesis, broad
and non-specific clinical symptoms, as well as possible
occurrence of co-infection with 4. phagocytophilum
(de Caprariis et al., 2011).

In contrast to serological tests, PCR allows the
differentiation of active infections with 4. platys from
those with A. phagocytophilum. The conventional
PCR protocol, including amplification using a set of
Anaplasmataceae family-specific primers, followed in
a second step by primers specific for a 678 bp fragment
of the 16S rRNA gene of A. platys should be used

(Ferreira et al., 2007). Serological and DNA-based
tests have complementary roles in the diagnosis of
infectious diseases (Martinescu et al., 2023). Although
no data have been published so far, the finding of 4.
platys in Bulgaria is not surprising. This pathogen was
discovered in a number of Mediterranean countries
(Rymaszewska and Grenda, 2008; Rene-Martellet
etal.,2015). Infections of A. platys were also confirmed
in several countries of the Balkan peninsula—Albania
(Hamel et al., 2016), Bosnia and Herzegovina
(Maksimovic et al., 2022), Croatia (Dyachenko et al.,
2012; Huber et al., 2017), Greece (Kontos et al.,
1991), Romania (Andersson et al., 2013), Serbia (Ilic
Bozovic et al., 2021), and the European part of Tiirkiye
(Cetinkaya et al., 2016). The vector of this infectious
agent R. sanguineus is apparently the most prevalent
tick species on dogs in Bulgaria (Panayotova-Pencheva
etal.,2021).

The present case report and the data by other authors
from the Balkan peninsula suggest that 4. platys is
probably a more common pathogen in this part of the
world than previously thought. This hypothesis can be
confirmed or rejected by conducting large-scale future
studies on A4. platys infection among different animal
species from Southeastern Europe.

We identified an A. platys infection in a dog in Bulgaria
for the first time using PCR assay. The reliable diagnosis
provided by molecular methods is imperative for
veterinarians in deciding whether to treat a seropositive
or clinically suspected dog in disease-endemic areas.
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