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Abstract

Purpose Babesia canis infection occurs in many locations throughout Europe. However, various studies report different
clinicopathological findings in affected dogs. This study was focused on changes in clinical and hematologic parameters in
dogs with B. canis infection from eastern Slovakia.

Methods The study was prospective and included 45 dogs with suspected babesiosis. Babesia canis infection was confirmed
by PCR in 34 cases and by blood smear microscopy in 24 (70.6%) of them. Hematology results, clinical examination from
these dogs, and possible co-infection with other tick-borne pathogens by PCR were subsequently evaluated.

Results The major clinical signs found included lethargy (91%), fever (59%), anorexia (59%), pigmenturia (47%) and icterus
(18%). Mortality rate was 6%. Thrombocytopenia was the most common hematologic change, observed in 100% of the dogs
with B. canis infection. Other frequent findings were lymphopenia (82%) and anemia (68%). No co-infections were detected.
Anaplasma phagocytophilum infection was diagnosed by PCR only in one dog, which was not infected with B. canis.
Conclusions This study showed that B. canis infection in eastern Slovakia should be diagnosed by PCR when there is clinical
suspicion of the disease, as almost 30% of the infected sick dogs did not have demonstrable parasites in their blood smear
by microscopy. Lymphopenia is a frequent hematologic finding in B. canis infection and observed even more often than
anemia. However, in agreement with previous studies, thrombocytopenia remains the most common hematologic finding
associated with B. canis infection.
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Introduction was conducted. There are two species of Babesia affecting

dogs, which occur in Slovakia. Babesia canis, a large form

Babesia canis is a tick-borne pathogen that predominantly
affects dogs [1]. It is a protozoal organism mostly found
in Europe and transmitted exclusively by the Ixodid tick
Dermacentor reticulatus (Fabricius 1794) [1, 2]. Der-
macentor reticulatus is found in many areas throughout
Europe, including eastern Slovakia [3, 4], where our study
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Babesia species for which Slovakia is considered to be a
country with an endemic occurrence [5—-7], and the small
form Babesia gibsoni which occurs rather sporadically in
this country [8]. The presence of other large forms of Babe-
sia spp. (Babesia vogeli and Babesia rossi) in Slovakia has
not yet been documented.

Typical clinical signs of babesiosis include apathy, ano-
rexia, pale mucous membranes, jaundice, pigmenturia, sple-
nomegaly and fever [2, 9—12]. A severe form of the disease
can lead to multiple organ injury and death [2, 9, 13, 14].

Babesia canis affects the blood system and various
changes in hematologic parameters can be observed. Ane-
mia and thrombocytopenia are the most commonly reported
[9-18]. There are several mechanisms, which contribute to
the anemia development in babesiosis. It was proposed that
the initial decrease of hematocrit is caused by dilution of
the blood as a result of hypotension and increased retention
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of fluid in the blood stream [19]. Piroplasms can damage
erythrocytes via several pathways, mainly by direct inter-
action with the host cell [15, 20, 21]. Immune-mediated
hemolytic anemia is another reported cause of red blood
cell destruction [9, 11, 21-23]. Interestingly, previous stud-
ies have shown that parasitemia is not always related to the
degree of anemia in B. canis infection [11, 19, 24], neverthe-
less, the onset of anemia is dependent on the infectious dose
[19]. Therefore, dogs with higher infectious dose manifest
anemia sooner [19].

Thrombocytopenia is seen more frequently than anemia
in dogs with B. canis infection [2, 10, 11, 14, 16, 18, 25]
and it is generally accepted as a hallmark of babesiosis [1].
The pathogenesis of thrombocytopenia in babesiosis is not
entirely understood and it probably involves immune-medi-
ated platelet destruction, consumption due to coagulopathy
and platelet sequestration in the spleen [1, 9, 17, 23]. Never-
theless, the mean platelet volume is usually increased, which
indicates a regenerative response of the bone marrow [9].
Interestingly, despite marked thrombocytopenia dogs do not
usually manifest clinical signs associated with hemostatic
alterations, such as petechia or bleeding [1, 2].

Changes in the white blood cell count can be diverse in
babesiosis. Various authors report different findings. Leuco-
penia [2, 11, 16, 17], neutropenia [2, 11, 16] and lymphope-
nia [2, 11, 16, 18] have been reported frequently.

Decrease in leucocytes may be caused by their sequestra-
tion in the spleen [2], sequestration in the pulmonary vas-
culature [9], or increased consumption and sepsis [16]. In
addition, Rafaj et al. [17] proposed a mechanism based on
platelet ability to bind with activated endothelial cells and
subsequently react with leucocytes, which causes their so-
called “secondary capture”. Developed neutrophil-endothe-
lial interaction can decrease the amount of white blood cells
in peripheral blood in the initial days of infection [17]. Such
mechanism could contribute to thrombocytopenia as well
as leucopenia. This theory was supported by the findings of
Schetters et al. [19] who observed the presence of throm-
bocytopenia in dogs with babesiosis approximately 1 day
before leucopenia. The same authors also found that the
onset of leucopenia and thrombocytopenia is dependent on
the level of infectious dose and dogs infected with a lower
infectious dose developed these changes later [19].

Materials and Methods

This study was prospective and involved samples from 45
dogs suspected for canine babesiosis, which visited the
Small Animal Clinic at the University of Veterinary Medi-
cine and Pharmacy in Kosice, eastern Slovakia, between
7th May 2020 and 13th May 2021. This group involved 34
males and 11 females. Various breeds were represented in
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the studied population but crossbreed dogs were the most
common group (10 cases). Frequently represented breeds
included the Labrador Retriever (3 dogs), German Shepherd
(2 dogs), and Irish Setter (2 dogs). Majority of dogs (41
cases) did not travel outside the Slovakia in the last 2 months
prior the examination. Therefore, it is assumed that majority
of examined dogs was infected in eastern Slovakia.

Dogs with typical clinical signs of babesiosis were exam-
ined. Detailed anamnesis, clinical examination and complete
blood count (CBC) were obtained and blood smear assess-
ments were performed. Diagnosis of babesiosis was made
in the case of positive result of PCR examination. Blood
samples were sent to the Laboratory of Molecular Ecol-
ogy of Vectors (Institute of Parasitology, Slovak Academy
of Sciences) for PCR to confirm and identify Babesia spp.
By subsequent DNA sequencing, the precise genotyping of
Babesia spp. present in the samples was possible. The study
included only initial blood samples which were obtained
when the dog was admitted for treatment.

A CBC was obtained by automatic cell counter (ProCyte
Dx Hematology Analyzer, ®IDEXX Laboratories, Inc.,
Hoofddorp, Netherlands). Studied parameters included red
blood cell count, hematocrit, hemoglobin concentration,
absolute reticulocyte count, total white blood cell count,
absolute neutrophil, lymphocyte, monocyte, eosinophil and
basophil counts, platelet count, mean platelet volume (MPV)
and plateletcrit. Default reference ranges were used to assess
the increase or decrease of hematology parameters. Anemia
was defined as simultaneous decrease in hematocrit, red
blood cell count (RBC) and hemoglobin values below ref-
erence ranges [26] and regenerative anemia was diagnosed
if the dog had absolute reticulocyte count more than 110,000
reticulocytes per microliter [26]. Blood smears of all hema-
tology samples were made and stained by Hemacolor stain-
ing (Merck KGaA, Darmstadt, Germany). Blood smears
were assessed under microscope at X 1000 magnification.

DNA from blood samples was extracted using the
Thermo Scientific GeneJET Genomic DNA Purification Kit
(Vilnius, Lithuania). Subsequently, PCR assays targeting a
411-452 bp long fragment of the 18S rRNA gene of Babesia
spp. using primers BJ (5'-GTC TTG TAA TTG GAA TGA
TGG-3") and BN (5'-TAG TTT ATG GTT AGG ACT ACG-
3" [27] and 334 bp long portion of the A. phagocytophilum
msp2/p44 gene using pair of primers ApMSP2F (5'-ATG
GAA GGT AGT GTT GGT TAT GGT ATT-3"), ApMSP2R
(5'-TTG GTC TTG AAG CGC TCG TA-‘3) according to
Massung and Slater [28] were performed.

Blood samples were also tested for the presence of other
vector-borne pathogens, such as portion of the P18 gene of
B. gibsoni with primers d3 (3'-TCC GTT CCC ACA ACA
CCA GC-3') and d4 (5'-CGA ATG AGG ATG ATG AGG
AGG A-5'), conventional PCR assay which amplifies a 203-
bp fragment of the cytochrome c oxidase subunit 1 (COI)
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gene of D. immitis (with primers DICOI-F1 5'-AGT GTA
GAG GGT CAG CCT GAG TTA and DICOI-R1 5-ACA
GGC ACT GAC AAT ACC AAT-3') and a 209-bp portion of
D. repens COI gene (with pair of primers DRCOI-F1 5-AGT
GTT GAT GGT CAA CCT GAA TTA-3' and DRCOI-R1
5'-GCC AAA ACA GGA ACA GAT AAA ACT-3') accord-
ing to Rishniw et al. [29] to screen for possible coinfections.

The results of PCR assays were visualized after gel elec-
trophoresis under UV light, using a UV transilluminator.
Positive PCR products were purified using the Nucleospin
Extract II kit (Macherey Nagel, Diiren, Germany) and sent
for sequencing in both directions to the Institute of Immu-
nology, University of Veterinary Medicine and Pharmacy
in KoSice, Slovakia, using the same primers as used for the
PCRs.

The obtained nucleotide sequences were manually edited
for removal of misread nucleotides using the MEGA X soft-
ware [30]. To confirm the identity of each sequence, the
Basic Local Alignment Search Tool (BLAST) algorithm was
used [31]. Sequences obtained in this study were compared
with GenBank entries. Nucleotide sequences of the B. canis
18S rRNA gene fragment and a portion of the A. phagocyt-
ophilum msp2 gene obtained in this study were deposited in
the GenBank database and are available under the follow-
ing Accession numbers: OK446632-0K446651 for the B.
canis fragments and OK523377 for the A. phagocytophilum
nucleotide sequence.

Results

Altogether 45 blood samples from 45 dogs were tested for
the presence of tick-borne pathogens by PCR. DNA of Babe-
sia spp. was amplified from 34 dogs during the initial molec-
ular screening, representing a prevalence of 75.6% among
the dogs suspected for babesiosis in this study. From 34 posi-
tive samples, 24 (70.6%) were positive by blood smear and
PCR, while 10 (29.4%) samples were diagnosed only by
PCR. Blood smears in these dogs were negative.

Genotyping of PCR-positive samples by further sequenc-
ing confirmed the presence of B. canis in all positive sam-
ples. Nucleotide sequences with 100% coverage with homol-
ogous sequences from GenBank database were 97.95-100%
identical with several B. canis isolates including those
previously amplified from dogs in Slovakia (MK508870,
MK508874), the Mesh 4 isolate of B. canis from An Iranian
dog (MN173223), BCCRO10 isolate from a Croatian dog
(MKO089785), and others.

No co-infection with other parasite pathogens has been
observed by PCR in any of the samples. However, one sam-
ple which was negative for B. canis tested positive for A.
phagocytophilum DNA.

The obtained nucleotide sequence was deposited in Gen-
Bank (Acc. No. OK523377). BLAST analysis confirmed
that this was 100% identical with several A. phagocytophi-
lum isolates previously detected in an I. ricinus tick removed
from a red fox in Slovakia (MG334167), a questing /. ricinus
from Poland (MK802161), and ticks removed from red deer
(MK625083) and roe deer (MK625087) in Poland, and from
the blood of a Polish red deer (MK625084).

In the group of the dogs with B. canis infection, the main
complaint of the owners was lethargy that was described
in 31 dogs (91%). Other clinical signs included fever (20
dogs; 59%), anorexia (20 dogs; 59%), pigmenturia (16 dogs;
47%) and icterus (6 dogs; 18%). Two dogs (6%) developed
acute renal disease and other two dogs (6%) died despite
the administered treatment. Therefore, mortality rate in pre-
sented study was 6% (2 dogs).

Fever was a common clinical finding. 14 dogs had a
moderate fever (39.3-40.0 °C) and 6 others had a higher
fever (40.1-41.0 °C). No dog had body temperature above
41.0 °C.

Twenty-nine dogs were males (85%) and five were
females (15%). Data were statistically evaluated by the
GraphPad Prism software using the Fisher’s exact test and
showed that there was a statistically significant difference
between sexes (p <0.05).

The youngest dog was 4 months of age and the oldest was
14 years old. The average age of infected dogs was 5.4 years.
The most commonly infected breed was crossbreed (10
cases). Other represented dog breed categories were herd-
ing group (7 cases), sporting group (7 cases), working group
(5 cases), toy group (2 cases), terrier group (2) and hound
group (1).

Thrombocytopenia was the most frequent hematologic
abnormality (Table 1). It was present in all 34 dogs diag-
nosed with B. canis infection. The plateletcrit was similarly
decreased in all 34 dogs, and the MPV was increased in 33
dogs (97%). Thirty-one dogs (91%) had a platelet count of
less than 50 x 10%/1.

Another very common finding was lymphopenia (28
dogs; 82%) which were observed in more infected dogs
than anemia (25 dogs; 74%) (Table 1). Leucopenia (19
dogs; 56%), neutropenia (12 dogs; 35%) and monocytosis
(12 dogs; 35%) were common findings as well.

The majority of anemic dogs (12 dogs; 35%) had mild
anemia [26] with hematocrit between 0.3 1/1 and 0.37 1/1,
while 6 dogs (18%) had hematocrit levels between 0.20 1/1
and 0.29 I/, classified as moderate anemia [26]. Two dogs
(6%) had hematocrit between 0.2 1/1 and 0.14 1/1 and three
dogs (9%) suffered from very severe anemia with hematocrit
levels below 0.13 1/1 [26].

There were two dogs with babesiosis with increased retic-
ulocyte counts. One had mild RBC regeneration, while the
other had marked regeneration. One dog had an increased
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MCV (mean corpuscular volume) and another dog had
decreased MCHC (mean corpuscular hemoglobin concen-
tration); however, these two dogs did not have increased
reticulocyte counts.

Discussion

Canine babesiosis is a common disease in Slovakia which
can have serious consequences [7]. Its nonspecific clini-
cal signs make the establishment of its diagnosis difficult.
This study aimed to describe the most common clinical and
hematologic finding in dogs infected with B. canis.

Blood smear evaluation detected B. canis in 24 dogs,
while 10 dogs that were positive by PCR had negative blood
smear. Therefore, 70.6% of the dogs could be diagnosed by
blood smear, while 29.4% needed PCR to establish the diag-
nosis. This finding highlights need of molecular testing in
dogs with typical clinical findings of babesiosis even if they
had a negative blood smear evaluation.

Lymphopenia was reported in 82% of dogs, which was
more frequent than anemia. Older literature reports lympho-
penia as a common finding in canine babesiosis, but not
as frequent as anemia [11]. Recently, a study by Thongsa-
huan et al. [18] conducted in Thailand on privately owned
dogs reported similar findings. However, this study did not
include molecular testing as part of the diagnostics to con-
firm the identity of the infecting Babesia species found. A
possible reason for lymphopenia could be as a response to
acute infection or corticosteroid influence due to stress. Ster-
oid treatment was not administered to any dog; therefore,
this medication could not influence hematology results in
this study.

Our study also showed substantial monocytosis in 35% of
cases. This finding is similar to recent findings in the study
by Thongsahuan et al. [18], who report 26.7% monocytosis
in dogs with babesiosis. Since a common cause of mono-
cytosis is the influence of endogenous corticosteroids [32],
these findings might be connected with stress when Babesia
infection is presented. Another possible cause of monocy-
tosis could be a cellular immune response to the infection.

Thrombocytopenia was the most common hematologic
finding observed in all dogs with B. canis infection. Thirty
one dogs (91%) had platelet counts of less than 50X 10°/1,
under which haemorrhage caused by thrombocytopenia may
occur [33]. However, external signs of haemorrhage, such as
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presence of petechial skin lesions, epistaxis or melena, was
not reported in any dog in the studied population. These find-
ings are consistent with information from similar studies [2,
10, 11, 14, 16, 18, 25]. Possible explanation of this finding
offers study by Rafaj et al., [34], which reported decreased
antithrombin III levels and increased production of throm-
bin—antithrombin complexes in dogs with B. canis infection,
which indicated hypercoagulable state [34]. Therefore, signs
of haemorrhage probably did not occur due to hypercoagulable
state of the dogs.

The clinical signs of the disease observed in the study
were in accordance with other studies [11]. The study also
showed statistically significant difference between both
sexes. Majority (85%) of the infected dogs were males,
which is commonly observed in naturally occurring cases
of canine babesiosis [11, 13, 23]. This phenomenon could
be connected with the increased use of male dogs in outdoor
activities, such as hunting. This is in accordance with the
fact that the most commonly affected breed groups were
herding (7 cases) and sporting (7 cases) group with terriers
(2 cases) and hound (1 case) dogs also represented.

Our study’s main limitation was the relatively small size
of studied dog population. Despite this, there were clearly
hematologic and clinical abnormalities which were found
associated with B. canis infection, such as thrombocytope-
nia, lymphopenia, anemia, lethargy and pigmenturia, which
should raise the index of suspicion for babesiosis for clini-
cians in areas, where B. canis infection is present, and in
addition infection was more frequent in male dogs.

Conclusions

Our study confirmed that B. canis is the main large Babe-
sia species infecting dogs in eastern Slovakia. Infection was
associated with several hematologic and clinical changes
but not necessarily with anemia and in particular regenera-
tive anemia. And finally, diagnosis if babesiosis caused by
B. canis should be performed by specific PCR and not rely
only on blood smear evaluation.

Appendix

See Table 1.
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Table 1 Overview of .
P Y % % A S.D Ref.

hematology findings in dogs arameter l o 1 o verage + ef. range Units

with B. canis infection Anemia 23 68 0 0 0.31£0.09 0.373-0.617 1
Platelets 34 100 0 0 24.09+17.19 148-484 x 109/1
Leucocytes 19 56 1 3 5.75+3.72 5.05-16.76 x109/1
Neutrophils 12 35 1 3 3.77+2.65 2.95-11.64 x 109/1
Lymphocytes 28 82 0 0 0.78+0.99 1.05-5.1 x 109/1
Monocytes 0 0 12 35 1.15+0.92 0.16-1.12 X 109/1
Eosinophils 31 91 0 0 0.02+0.06 0.06-1.23 x 109/1
Basophils 0 0 0 0 0.02+0.02 0.00-0.1 X 109/1
| stands for number of dogs with decreased parameter, 1 stands for number of dogs with increased param-
eter
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