
Introduction

Equine piroplasmosis is a serious disease caused
by blood parasites such as Theileria equi (earlier
referred to as Babesia equi) and Babesia caballi [1].
This disease appears endemically in tropical and
subtropical regions and Boophilus, Hyalomma,
Dermacentor and Rhipicephalus ticks are the
disease vectors. Babesia caballi is a pear-shaped or
amoeba-shaped protozoan, with size of 2.5–5 μm. In
the erythrocytes the parasite usually appears in
pairs; with their narrower ends pointing toward each
other. Theileria equi is a very small, spherical
parasite, up to 2 μm in size, occurring in
erythrocytes and in the leukocytes [2,3]. 

Another feature differentiating Babesia from
Theileria is the slightly different behaviour of these
parasites in the host’s organism. The first one
attacks the red blood cells immediately after
penetrating the animal or human body, whereas
Theileria sporozoites during the initial invasion

phase enter lymphocytes and macrophages, where
they undergo schizogony and then the merozoites
penetrate the erythrocytes, where they are further
divided. Thus, the feature differentiating Theileria
from Babesia piroplasms is the occurrence of
schizogony in lymphocytes or in erythrocytes [3,4].

The symptoms of babesiosis/theileriosis varied –
infected horses can suffer from jaundice, muscle
weakness, haemoglobinuria and fever. Babesia and
Theileria cause destruction of the erythrocytes
through mechanical damage, which is clinically
manifested by anaemia. It is also a result of a
protozoa-induced humoral and cellular response in
the host’s body, leading to increased phagocytosis
of both – parasite-infected and protozoa-free
erythrocytes. Destruction of the red blood cells is
intensified as a result of opsonisation of parasite-
invaded erythrocytes with IgG antibodies and
destabilisation of the cell membrane by factors
released by the protozoa. Anaemia is accompanied
by circulatory disorders, hypoxia, development of
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metabolic acidosis and impairment of many internal
organs, especially the liver and kidneys, manifested
by jaundice and hematuria [5]. The course of the
disease is usually acute but it could be subacute and
chronic [2,6].

Standard diagnosis of piroplasmosis in the areas
of its enzootic occurrence is done based on medical
history (i.e., the presence of ticks on horses), clinical
symptoms such as fever, anaemia, jaundice and
haemoglobinuria, and on microscopic examination
of blood smear collected from diseased animals
[7,8]. To diagnose babesiosis/theileriosis and to
assess the epizootic situation, which includes
detecting subclinical infections with this protozoa,
molecular biology methods are frequently applied,
mainly the polymerase chain reaction (PCR) and
subsequent sequencing of the amplification
products [5,9,10]. 

During the last three years we have diagnosed
three cases of piroplasm infections in horses from
eastern regions of Poland. Their full clinical
description was presented in earlier reports [5,11].
As piroplasmosis in horses is rarely diagnosed in
Poland and its etiological factors are not well
known, the purpose of the study was to identify the
microorganisms isolated from infected and
symptomatic horses and to determine the parasite
species. 

Material and methods

The study included three horses from the Lublin
region, Poland: a 2-yr old Deutsche Reit Ponny
stallion, and two, 4-yr old and 6-yr old Malopolski
mares. All the horses have had contact with ticks,
followed by clinical signs manifested by: walking
disorders, fever, apathy, weakness, pale mucous
membranes. Blood was also observed in the urine of
both mares. Blood was collected from these horses
for haematological, biochemical and molecular tests
for babesiosis and anaplasmosis/ehrlichiosis.

Haematological tests. Blood for haematological
tests was sampled to the EDTA tubes, shaken and
tested in the Exigo veterinary haematology analyser
(Boule, Sweden) (Table 1).

Blood smear test. Blood smears were prepared
on degreased microscope glass slides, stained using
the Diff Quick method, air dried, and examined
under 100× immersion oil objective of an Olympus
CH 20 microscope.

Biochemical tests. Blood for biochemical tests
was placed in tubes with coagulation accelerator,
centrifuged, and the serum was tested in a
biochemistry analyser BS-130 (Cormay, Poland).
The parameters were: urea concentration in mg/dl,
creatinine concentration in mg/dl, total bilirubin
concentration in mg/dl, alanine aminotransferase
(ALT) activity and asparagine aminotransferase

Table 1. Results of haematological examination of the blood collected from horses during the acute phase of
piroplasmosis

Explanations: RBC – red blood cells, WBC – white blood cells, HGB – haematoglobulin, HCT – haematocrit, PLT – platelets.

Parameter RBC (106/mm3) WBC (103/mm3) HGB (g/dL) HCT(%) PLT (103/mm3)

Stallion 5.23 3.6 7.2 23 84.0

Mare (4-yr old) 4.66 4.7 6.4 20 55.0

Mare (6-yr old) 4.10 4.5 6.8 19 62.0

Baseline 7.5–10 5.5–12 8–18 25–52 150–400

Table 2. Results of biochemical examination of the blood collected from horses during the acute phase of
piroplasmosis

Explanations: ALT – alanine transaminase, AST – aspartate aminotransferase, IU – international units.

Parameter Urea (mg/dl) Creatinine (mg/dl) Total bilirubine (mg/dl) ALT (IU/l) AST (IU/l)

Stallion 57 1.9 2.4 66 601

Mare (4-yr old) 76 2.1 1.9 81 597

Mare (6-yr old) 82 2.1 2.1 69 344

Baseline 25–45 1.2–1.9 0.8–1.5 3–25 205–555



(AST) activity expressed in international units (IU)
(Table 2).

DNA isolation. The DNA for analysis was
extracted from 100 l of fresh blood using the DNA
blood mini kit (DNA Gdańsk, Poland). 

PCR. DNA blood samples were tested using
PCR for the presence of genetic material of Babesia
spp. protozoa and Ehrlichia/Anaplasma spp.
rickettsiae. 

The PCR for Babesia/Theileria was carried out
using a pair of primers: RLB R2 
(5’-CTAAGAATTTCACCTCTGACAGT-3’) and 
RLB F2 (5’-GACACAGGGAGGTAGTGACAAG-
3’), to amplify a DNA section of approximately 430
bp of the conserved 18S RNA gene fragment. PCR
primers for Ehrlichia/Anaplasma spp.:
EHR 521 (5’-TGTAGGCGGTTCGGTAAGTTAA

AG-3’) and EHR 747 (5’-GCACTCATCG TTTAC
AGCGTG-3’), amplified the DNA section of the
conserved 16S rRNA gene part of rickettsiae of the
length of 247 bp.

PCR was carried out in a Biometra thermocycler.
DNA of Babesia spp. isolated from the blood of a
dog with babesiosis [5] and DNA of Anaplasma
phagocytophilum from human blood (National
Reference Center for Borreliae of Max von
Pettenkofer Institute of Ludwig Maximilian
University of Munich, Germany) served as positive
controls, while DNA from the blood of a healthy
horse served as a negative control.

PCR for Babesia/Theileria comprised 40 cycles,
where the denaturation step was at 94°C for 35 s, the
annealing of primers at 51°C for 35 s and the
extension of strands for 36 s at 72°C [13].

The composition of the reaction mixture was
prepared after the concentrations of its individual
components (i.e., MgCl2, dNTP, primers, and Taq
Polymerase) have been optimized. The best results
were obtained at primer concentration of 50 pM and
the following concentrations of: dNTP – 200 µM,
MgCl2 – 3.0 µM and 2.5 U of Taq Polymerase.

PCR for Ehrlichia spp. comprised 35 cycles,
where the denaturation step was at 94°C for 30 s, the
annealing of primers at 56°C for 30 s and the strand
extension at 72°C for 45 s [14].

Electrophoresis. PCR products were analysed
using the electrophoresis method on 1% agarose gel,
in 10 V/cm TBE buffer for 50 min. Once
amplification products were stained with ethidium
bromide, and their size with regard to the weight
standard DNA ladder 100 bp (Gibco BRL) was
determined.

Sequencing. PCR products were purified with
the QIAquick PCR Purification Kit (Qiagen), and
sequenced in the Laboratory of DNA Sequencing
and Oligonucleotide Synthesis of the Institute of
Biochemistry and Biophysics, Polish Academy of
Sciences, Warsaw, Poland. The sequencing results
were analysed using the Lasergene DNA Star
software. The sequences of isolates obtained in the
present study were analysed and compared to the
sequences of the 18S RNA gene of Babesia caballi,
Babesia equi and Theileria equi available in the
NCBI GeneBank at numbers: Z15104, AY534883,
DQ287951, AY534882 using the Lasergene DNA
Star software.

Results 

Results of haematological and biochemical
blood tests are presented in Table 1 and 2. Low
erythrocyte haemoglobin concentrations, decreased
haematocrit, thrombocytopeania and increased
bilirubin level evidence that the studied animals
suffered from haemolytic anaemia. Blood smears
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Fig. 1. Gel electrophoresis. PCR amplification of a
partial sequence of 18S RNA Babesia spp./Theileria spp.
gene, product size 430 bp. Lanes: (1) molecular weight
marker = 100bp; (2) positive control; (3) negative
control; (4-6) products of the amplified DNA isolated
from blood of the diseased horses.
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did not reveal Babesia spp. protozoa in the
erythrocytes or Anaplasma/Ehrlichia rickettsia in
the leukocytes. 

PCR test for Babesia spp. with RLB F2 and RLB
R2 primers demonstrated the presence of genetic
material of piroplasms of approximately 430 bp in
the blood of all symptomatic horses (Fig. 1). In none
of the tested blood samples was the
Ehrlichia/Anaplasma genetic material detected.

The PCR product sequences developed using
Lasergene DNA Star software showed a high
similarity of 98.4–99.8%. Their comparison with
standard sequences of the 18S RNA gene of
Babesia/Theileria showed that the highest
homology level (95.6–97.5%) occurred between
isolates obtained in the present study and the
Babesia equi DQ287951 sequence (Fig. 2). This is
presented in the phylogenetic tree, where sequences
of our isolates are situated on a separate branch near
B. equi DQ287951 and T. equi AY534882
sequences, and are clearly far away from Babesia

caballi sequences.
The causal treatment of horses using with Imizol

(imidocarb dipropionate from Schering Plough
Animal Health) at a dose of 2.0 ml/100 kg b.w.
divided into two injections administrated every
12 hours) led to full recovery of the horses. Follow-
up haematological tests performed a month after the
treatment was commenced did not reveal any
deviations from physiological baselines.

Discussion

This present study describes the cases of equine
piroplasmosis, a disease that is rarely diagnosed in
Poland. The fact that piroplasmosis regarded not so
long ago as rather exotic disease, occurs now in
Poland, evidences that pathogenic etiological
factors are spreading in increasing numbers to the
new areas. Such situation is without any doubt
related to the increased animal trade and movement
among various geographic regions. However,

Fig. 2. Percent identity of a partial sequence of 18S RNA Babesia spp./Theileria spp. gene obtained in the present study
sequences and the sequences deposited in the GenBank. Kon 1,2,3 = horse 1,2,3

Fig. 3. Phylogenetic relationships among sequences of the isolates obtained in the present study and sequences deposited
in the GenBank. Kon 1,2,3 = horse 1,2,3



climatic changes, manifested in climatic warming
and thus creating favourable environmental
conditions for disease transmission vectors in new
areas, are also of significance. 

Equine piroplasmosis is diagnosed relatively
rarely. In Europe it was reported from Greece,
France, Italy, Spain, Germany, UK and Turkey
[15–21]. This disease can be fulminant with sudden
death of the infected animals [22].

The results of the presented study demonstrated
that the three horse cases disease were caused by
infections with Theileria equi. The species of the
isolated protozoa was determined based on PCR
results and analysis of sequences of the amplicons.
The high degree of similarity (i.e., 95.6–97.5%) of
gene sequences between the protozoa isolated in the
present study and the standard sequences from the
gene bank confirmed the identification of this
pathogen.

Also, haematological test results (i.e.,
thrombocytopenia and anaemia) and positive
reaction of animals to imidocarb treatment point out
the piroplasmosis.

The fact that molecular detection of the genetic
material of protozoa in the blood of a horse with
clinical signs was associated with a negative blood
smear is not surprising. Contrary to canine Babesia
canis parasites, equine Theileria equi parasites do
not have characteristic pear-like shape.
Furthermore, they are much smaller than the
parasites attacking the red blood cells of dogs and
they can be easily mistaken for particles
characteristic for improperly blood smear stain.
Also the degree of parasitaemia in Theileria equi
and Babesia caballi infections seems to be much
lower than parasitaemia observed in canine
babesiosis. Due to all of the aforementioned factors,
confirmation of the infection by the blood smear
method for cases where equine piroplasmosis was
detected molecularly, did not exceed 30% [6,23]. 

No effective immunoprophylaxis against equine
piroplasmosis has been developed so far. Disease
prevention involves preventing the protozoa-
infected horses entering the areas free of these
parasitic protozoa invasion. Horses transported from
areas where babesiosis/theileriosis occurs ought to
be tested upon arrival. Anti-tick prophylaxis is also
an important element in fighting this disease [8].

The fact that equine infections with
Babesia/Theileria have been identified in the
present study demonstrates that domestic horses are
at risk of contracting piroplasmosis. These

infections must be considered every time when a
contact between horses and ticks is followed by
severe pathological symptoms accompanied by
anaemia and thrombocytopenia revealed by
haematological tests.
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Identyfikacja piroplazm izolowanych od
koni w Polsce w klinicznych przypadkach
choroby

Ł. Adaszek, M. Górna, M. Krzysiak,
M. Adaszek, M. Garbal, S. Winiarczyk

Ce lem ba dań by ło okre śle nie przy czy ny cho ro by
u trzech ko ni zdra dza ją cych ob ja wy go rącz ki, nie zbor no -
ści ru cho wej, bla do ści błon ślu zo wych, krwio mo czu,
u któ rych w ba da niu he ma to lo gicz nym wy ka za no trom -
bo cy to pe nię. Tech ni ką PCR we krwi cho rych zwie rząt
wy ka za no obec ność ma te ria łu ge ne tycz ne go 18S RNA
Ba be sia/The ile ria spp. W re ak cji am pli fi ka cji z wy ko rzy -
sta niem star te rów RLB F2 i RLB R2 uzy ska no pro dukt
o wiel ko ści 430 pz, któ re go se kwen cja nu kle oty do wa
wy ka zy wa ła 95,6–97,2% po do bień stwo z se kwen cją
frag men tu ge nu 18S RNA Ba be sia equi, umiesz czo ną
w ban ku ge nów pod nu me rem DQ28795. W le cze niu
cho rych zwie rząt za sto so wa no imi do karb po da wa ny pod -
skór nie. W na stęp stwie pod ję tej te ra pii ob ser wo wa no
stop nio wy po wrót ko ni do zdro wia.
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