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Abstract

The aim of this study was to assess cardiac disorders in dogs infected with B. canis. The study
included 50 dogs with babesiosis and 20 healthy control animals. All the animals had haematological
tests, ECG, echocardiography and serum troponin I and CK-MB levels checked. The haematology in
the group of dogs with babesiosis confirmed thrombocytopaenia in 100% of dogs, decreased haema-
tocrit in 52% and anaemia in 46%. The most common abnormalities in ECG and echocardiography in
dogs infected with protozoa included: change in appearance and/or amplitude of the T-wave (34%),
increased fractional shortening (24%), an increased sinus rhythm (14%) and heart axis deviation
(10%). In 19 of the 50 dogs with babesiosis, the level of serum troponin I was elevated. In 2 dogs that
died from babesiosis, the troponin level I was very high. The ECG confirmed sinus tachycardia and
interpolated ventricular beat in these animals. In all dogs with babesiosis that were used in the study,
the serum CK-MB was high or very high and was within limits of 23.17 U/L – 369.62 U/L. The highest
kinase concentration (367.33 U/L and 369.62 U/L) was observed in dogs that died due to the disease.
The presented results prove that cardiac changes are common in canine babesiosis, but that most
changes are nonspecific and appear to have little clinical significance. Cardiovascular assessment
should be based on the assessment of the level of troponin I and CK-MB in the serum of sick animals.
High concentrations of these factors might be indicators of poor prognosis.
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Introduction

Canine babesiosis is a common and clinically sig-
nificant tick-borne disease caused by haematozoan
parasites of the genus Babesia (Mehlhorn et al. 1980,
Heile et al. 2006, Adaszek et al. 2009). The classifica-
tion of Babesia spp. places them in the order of Pirop-
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lasmida within the phylum Apicomplexa. Two mor-
phologically distinct forms of the erythrocytic stage in
the canine host were recognized in early studies that
led to the naming of the larger form, measuring ap-
proximately 3-5 μm as B. canis, and the smaller
(1-3 μm) as B. gibsoni (Adaszek et al. 2010). On the
basis of cross-immunity, serological testing, vector
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specificity and molecular phylogeny, B. canis was rec-
lassified into three sub-species (B. canis, B. rossi and
B. vogeli). All of them are now considered to be separ-
ate species (Zahler et al. 1998, Carret et al. 1999,
Costa-Junior et al. 2009). Within the small pirop-
lasms, three distinct species are currently recognized
to cause disease in dogs: B. gibsoni, B. conradae and
a Babesia microti-like piroplasm (Theileria annae)
(Conrad et al. 1991, Camacho et al. 2001, Kjemtrup
and Conrad 2006, Irvin 2009).

In our earlier works we have described the clinical
course of babesiosis in dogs from areas of eastern Po-
land and disorders regarding selected haematological
and biochemical parameters of the serum of dogs suf-
fering from this disease (Adaszek et al. 2009). The
clinical picture of dogs suffering from babesiosis due
to infection with B. canis parasites is diverse, ranging
from hyper-acute to acute and finally chronic types of
disease (Schetters and Eling 1997, Adaszek et al.
2009).

The main cause of death in the course of babesio-
sis is anoxia and shock (Bourdoiseau 2006). According
to our own observations, the deaths of the dogs in
which the disease was diagnosed and treatment
started are more frequently caused by complications
associated with renal and hepatic insufficiency accom-
panied by elevated levels of serum urea and bilirubin
(Adaszek et al. 2009).

Recently, more cardiovascular disorders in the
course of babesiosis have been reported, which mani-
fest in accelerated heart rhythm and dyspnoea. The
aim of the study was to evaluate cardiac disorders in
dogs infected with B. canis protozoa.

Materials and Methods

Animals used in the study

The study was carried out at the Clinic of Infec-
tious Diseases, University of Life Sciences in Lublin
between May and November 2015. It included 50 dogs
infected with B. canis – confirmed by microscopic and
molecular (PCR) tests – and 20 healthy dogs in a con-
trol group. The following criteria were applied for as-
signing the dogs to the groups: confirmed babesiosis
and increased heart rate, number of breaths and signs
of dyspnoea demonstrated in the clinical examination.
The dogs in the control group were brought to the
clinic for prophylactic vaccinations against infectious
diseases. Animals of different breeds and sex were
selected to the study, aged 2-8. Haematology tests,
ECG, echocardiography was performed in these dogs
as well as troponin I and CK-MB levels in serum of all
animal were determined.

Haematological test

The haematological test was performed with
Exigo VET analyser. The parameters assessed were as
follows: erythrocytes count in the blood (n x 109), hae-
matocrit (Ht) (%), haemoglobin (g/dL), total
leukocytes count (n x 106) and thrombocytes count
(n x 106).

Electrocardiography and echocardiography

The electrocardiography was performed with AS-
PEL AsCard Mr. Red 001v device in a standing posi-
tion. The assessed parameters were: heart rate, axis
deviation, and duration/amplitude of the individual
constituents of the electrocardiogram (waves, seg-
ments and intervals). Electrocardiograms were re-
corded at a tape speed of 50 mm/s and an amplitude
of 1 mV/cm.

The echocardiography was performed with
ALOKA Prosound SSD-4000 (with probe Aloka
Phased Array 2.1-3.8 MHz UST-5299) device on
a subject in a standing position. The heart structure
and function were assessed. Various imaging pro-
cedures were used, including two-dimensional imag-
ing (2D), M-mode procedure and Doppler technique.
The two-dimensional imaging covered long and short
axis views from the right parasternal acoustic window
and the left parasternal acoustic window. These views
allowed for a quantity evaluation of the heart cavities
and the heart’s systolic function, and the measure-
ment of the left atrium to left aorta proportion
(LA/Ao). The M-mode echocardiography assessed
the size of the left ventricle lumen, the thickness of
the interventricular septum and a free wall of the left
ventricle in the end-diastolic and end-systolic phases.
The Doppler echocardiography evaluated laminar
and possible turbulent blood flow through the aorta
valves, the pulmonary valve and the bicuspid and
tricuspid valves, and a quantitative evaluation of the
speed and volume of the blood flow was also per-
formed. This test was carried out before instituting
intravenous fluid therapy.

Troponin I (cTnI) test

The level of troponin I in the plasma of the sick
dogs was measured using the immunofluorescent
method in a commercial laboratory. Directly after
the blood was centrifuged, the serum for testing was
frozen at -80oC and was transported to the labora-
tory.
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Isoform of creatine kinase (CK-MB) tests

The level of creatine kinase isoform in serum of
the blood was measured spectrophotometrically in the
Mindray BS-130 analyser using the ACCENT-200
CK-MB (Cormay Poland) reagent.

Statistical analysis

To compare and to show correlations between the
levels of troponin I, CK-MB and changes in the ECG
the following statistical methods were used:

– Calculation of descriptive statistics such as the
mean, deviation, standard deviation (SD), median
(Me) and percentages.

– Use of tests: -χ2 test, the Shapiro-Wilk test, the
Mann-Whitney test, the Kruskal-Wallis test.

The test function in Mann-Whitney test was
marked as “Z” or “U”, depending on the size of the
group when the two groups of animals were com-
pared, and the Kruskal-Wallis test was used to com-
pare more groups. The test function in this test was
marked as “H”.

For easier statistical analysis of the results based
on ECG changes, the dogs were divided into 3 groups:
0 – dogs with normal ECG record; 1 – dogs with slight
changes in ECG (e.g. increased rhythm, elevated
T wave); and 2 – dogs with significant changes in ECG
(e.g. nodal tachycardia, additional ventricular beats,
bradyarrhythmia).

The Mann-Whitney rank test was used to demon-
strate the differences between the haematology test
results and changes in the ECG and echocardiography
test results. Changes were considered statistically sig-
nificant at p<0.05. Correlations were calculated using
the Spearman method. The correlation coefficient
r was calculated for each pair of compared par-
ameters. The Statistica 10.0 PL software was used for
the calculations.

Results

Results of haematology tests

In the group of dogs with babesiosis, the haema-
tological examination revealed a fall of haematocrit
below 37% in 26 dogs, a fall of erythrocytes below
5.5 x 1012 (bottom limit of the norm) in 23 dogs, leuco-
poenia (WBC < 6 x 109) in 28 dogs and leucocytosis
(WBC > 10 x 109) in 5 dogs (Table 1). In the control
group, the haematology test results did not deviate
from the physiological norms (Table 2).

Electrocardiography results

The ECG revealed the following disorders in dogs
with babesiosis, confirmed by haematological and
molecular tests: increased sinus rhythm in 7 animals,
heart-axis deviation in 5 dogs, change in appearance
and/or amplitude of T wave in 17 dogs, widened QRS
complex in 3 dogs, atrioventricular block I (AV block
Io) in 2 dogs, ventricular tachycardia in one dog and
additional ventricular beats in 3 dogs (2 of these dogs
had premature ventricular complex (VPs), and 1 had
an interpolated beat). The only disorder confirmed by
ECG in the control group was an increased sinus
rhythm in 7 of the subjects (Tables 1 and 2).

Echocardiography results

The echocardiography confirmed an increased
fractional shortening (FS%) in 12 dogs and a slight
increase in heart blood flow in 1 dog (1.76 m/s) No
changes in other sick dogs were observed echocar-
diographically. Similarly, no abnormalities in this or-
gan were detected by echocardiogram in the control
group (Tables 1 and 2).

Troponin I (cTnI) test results

In 28 out of the 50 dogs with babesiosis, the serum
troponin I level was within the physiological range.
The concentration of this enzyme in the serum of
three dogs reached the upper limit of the range, i.e.
0.2 ng/dL, and in 19 dogs the serum troponin level was
elevated, i.e. > 0.2 ng/dL. In 2 dogs that died of
babesiosis, the level of troponin I was very high,
reaching 14 and 26.7 ng/dL respectively. The ECG in
these dogs confirmed sinus tachycardia, interpolated
ventricular beat and ventricular tachycardia.

Creatine kinase (CK-MB) tests

In all animals with babesiosis, the level of CK-MB
in serum was high or very high, ranging from 23.17
U/L to 369.62 U/L. The highest kinase concentration
was reported in dogs that died due to the disease
(367.33 U/L and 369.62 U/L).

Results of statistical analysis

The statistical analysis showed a significant corre-
lations between the changes in ECG in dogs with
babesiosis and the activity of CK-MB in their serum
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Table 1. Results of hematology, electrocardiography and echocardiography in dogs with babesiosis.

Results of
haematological examination

Results of electrocardiography Results of echocardiography

RBC Hb Ht WBC PLT P P PQ QRS R T QT LA/ FS RVOT LVOT LViDd
x 1012 g/dl % 109/l 109/l HR (ms) (mV) (ms) (ms) (mV) (mV) (ms) /Ao (%) (ms) (ms) (mm)

No of
the
dog

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 6.11 15.1 39.7 8.4 29 110 40 +0.2 135 61 +0.7 -0.6 300 1.12 38 0.88 1.46 47.3

2 5.54 13.7 35.1 3.4 52 85 31 +0.25 85 55 +1.6 -0.5 170 1.38 33 0.72 1.28 46.1

3 6.14 15.2 41.2 9.4 25 170 36 +0.19 85 60 +0.7 +0.3 200 1.28 44 0.98 1.57 31.2

4 5.69 14.7 39.3 4.4 51 140 34 +0.11 90 65 +0.67 +0.2 185 1.19 31 0.68 1.19 33.4

5 7.12 17.7 49.6 3.8 43 135 32 +0.22 75 55 +1.2 -0.4 180 1.36 37 1.14 1.39 29.3

6 6.4 15.5 42.1 2 31 150 39 +0.2 105 58 +1.65 -0.2 220 1.21 45 0.83 1.33 31.8

7 5.78 14.5 37.9 5.7 41 145 37 +0.23 100 51 +0.6 -0.5 190 1.29 28 0.59 1.23 36.8

8 6.86 16.2 44.4 8.9 24 130 39 +0.19 115 60 +1.55 +0.35 210 1.05 30 0.81 1.42 51.9

9 4.37 11.1 28.7 5.3 34 120 32 +0.17 105 59 +1.45 +0.4 225 1.19 35 0.75 1.47 43.5

10 5.79 13.7 34.1 4.8 51 150 34 +0.26 95 53 +1.35 +0.35 215 1.38 46 1.12 1.51 34.8

11 5.36 13.1 33.2 4.2 31 140 37 +0.13 80 62 +1.5 +0.4 220 1.32 42 0.84 1.66 52.3

12 6.54 15.2 39.9 6.8 79 165 40 +0.35 85 55 +0.85 -0.5 200 1.08 32 0.79 1.18 61.3

13 5.88 13.7 38.6 2.3 38 150 38 +0.21 95 61 +1.7 -1.5 250 1.27 36 0.74 1.41 39.8

14 1.7 4.6 11.1 4.6 8 200 39 +0.15 81 57 +0.6 -0.4 220 1.41 44 0.66 1.19 38.5

15 0.73 4.1 6.2 20.7 16 175 42 +0.32 115 50 +1.3 +0.45 240 1.45 43 1.27 1.59 43.9

16 6.07 15.2 40.2 3.7 85 140 37 +0.29 100 85 +0.6 -0.4 205 1.13 38 0.85 1.31 35.8

17 5.08 12.6 32.4 7.7 200 130 40 +0.21 115 60 +0.75 -0.5 200 1.52 33 0.91 1.48 64.8

18 5.91 14.1 37.7 9.8 27 120 29 +0.28 100 55 +1.0 -0.4 210 1.11 26 0.75 1.09 55.6

19 3.78 8.9 24.8 6.8 19 150 33 +0.34 95 53 +0.5 +0.3 220 1.44 44 1.25 1.46 31.7

20 5.5 12.7 33.1 3.9 19 135 38 +0.18 85 62 +0.8 -0.1 210 1.28 28 0.88 1.36 49.3

21 4.5 10 25.9 9.7 116 145 40 +0.15 105 57 +1.5 +0.5 180 1.01 30 0.68 1.05 50.4

22 4.98 11.2 30.5 3.4 124 130 40 +0.36 90 61 +2.2 +0.9 215 1.29 40 1.01 1.32 38.7

23 3.89 9.9 23.5 27.2 40 165 36 +0.1 85 78 +0.55 +0.5 210 1.5 50 1.39 1.76 44.1

24 3.97 10.5 25.2 6.1 31 125 29 +0.36 90 59 +1.2 +/-
0.45

190 1.24 25 0.84 1.33 42.3

25 5.67 13.9 37.4 8.5 21 100 38 +0.21 95 62 +1.5 -0.6 220 1.39 31 0.98 1.52 55.4

26 6.32 15.1 40.3 6.7 39 175 40 +0.27 75 67 +1.1 -0.55 185 1.19 29 0.76 1.19 39.4

27 4.53 10.2 26.7 2.3 35 110 38 +0.33 85 61 +0.7 -0.25 210 1.43 28 0.62 0.99 49.7

28 4.75 11.7 29.7 5.6 28 125 36 +0.31 100 55 +1.1 +0.35 200 1.08 36 1.02 1.52 53.7

29 4.3 9.8 25.6 9.3 39 90 40 +0.22 100 58 +0.7 -0.2 195 1.18 31 0.85 1.29 51.2

30 6.95 16.2 43.6 5.6 30 145 30 +0.28 105 60 +1.1 +0.4 230 0.99 32 0.91 1.33 29.4

31 5.21 12.6 32.3 6.1 45 185 33 +0.27 85 51 +1.0 -0.5 205 1.38 47 1.28 1.66 49.4

32 6.45 14.9 38.1 5.3 73 145 31 +0.33 90 55 +0.5 -0.25 180 1.24 42 1.31 1.59 50.3

33 5.86 14.4 39.4 5.8 21 135 38 +0.22 90 53 +1.5 +0.6 175 1.13 29 0.84 1.31 35.7

34 3.65 5.4 15.4 32.6 17 220 41 +0.31 100 59 +1.1 -0.35 240 1.36 45 1.15 1.48 57.8

35 5.1 12.1 31.4 9.2 32 140 35 +0.19 105 61 +1.2 -0.4 200 1.32 36 0.98 1.25 49.8

36 6.5 14 38.1 5.6 36 135 37 +0.33 90 50 +0.7 +0.25 210 1.48 38 1.15 1.31 42.9

37 5.07 11.9 31.7 4.8 29 150 40 +0.31 85 52 +1.9 -/+
0.55

205 1.05 31 0.74 0.98 36.7

38 5.73 15.1 38.9 2.8 25 120 38 +0.31 105 59 +1.5 -0.6 180 1.1 34 0.88 1.41 29.6

39 6.12 15 39.9 4.2 5 0 145 37 +0.25 115 57 +1.0 +0.35 190 1.29 34 1.01 1.29 27.8
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cont. Table 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

40 6.26 15.6 40.2 2.9 39 135 39 +0.28 80 58 +1.1 +0.4 175 1.44 28 0.84 1.15 29.5

41 5.96 14.8 39.8 5.8 30 150 22 +0.22 75 60 +1.7 -0.5 230 1.3 25 0.68 0.99 25.8

42 6.15 14.5 40.1 3.8 30 100 35 +0.29 95 60 +0.65 +/-
0.35

200 1.25 33 0.89 1.42 43.2

43 5.39 13.1 36.2 10.7 26 175 42 +0.31 115 62 +1.45 +0.45 260 1.32 42 1.15 1.41 54.7

44 4.75 11.1 29.9 12.2 33 115 34 +0.4 90 53 +1.0 -0.35 180 1.02 30 0.86 1.25 49.8

45 5.09 12.8 34.7 1.6 20 150 33 +0.21 75 54 +1.3 -0.5 195 1.41 35 0.77 1.36 25.1

46 3.97 10.5 25.2 6.1 31 135 39 +0.37 85 53 +1.35 +0.35 185 1.21 39 0.9 1.44 32.8

47 5.03 12.4 34 9.7 32 140 29 +0.15 100 57 +0.65 -0.25 200 1.17 29 0.88 1.29 50.5

48 6.16 15.3 42.1 9.9 20 50 31 +0.15 145 59 +1.5 +/-0.5 260 1.51 39 1.15 1.61 48.1

49 4.73 11.6 29.7 4.1 16 150 40 +0.29 85 51 +1.25 +0.45 190 1.45 28 1.1 1.41 29.6

50 6.58 15.5 42.3 4.9 28 130 35 +0.23 95 60 +1.85 +0.7 210 1.21 31 1.01 1.52 50.4

Range 5.5-
8.5

12-18 37-51 6-10 200-
500

70-120 40 40 120 60 4 1/3 R 150-
250

1.5 25-40 1.5 1.75 see:
Tilley
et al.

(2008)

Table 2. Results of hematology, electrocardiography and echocardiography in control dogs.

Results of
haematological examination

Results of electrocardiography Results of echocardiography

RBC Hb Ht WBC PLT P P PQ QRS R T QT LA/ FS RVOT LVOT LViDd
x 1012 g/dl % 109/l 109/l HR (ms) (mV) (ms) (ms) (mV) (mV) (ms) /Ao (%) (ms) (ms) (mm)

No of
the
dog

1 5.6 6.0 36.5 5.8 288 115 38 +0.22 105 47 +2.2 +0.4 150 1.23 31 0.98 1.26 33.2

2 5.9 6.7 38.2 6.3 321 100 33 +0.29 95 51 +1.5 +0.5 160 1.44 33 0.79 1.08 62.5

3 6.2 5.9 41.2 5.8 401 120 35 +0.14 100 49 +2.8 +0.9 180 1.06 28 1.09 1.37 52.3

4 7.6 7.0 40.5 8.0 412 135 31 +0.19 95 52 +1.0 -0.3 220 1.43 38 0.89 1.18 29.2

5 8.3 7.5 49.3 7.9 324 150 32 +0.28 85 39 +1.8 +0.5 200 1.32 30 1.01 1.35 28.4

6 6.5 7.0 41.8 6.1 333 130 36 +0.32 115 48 +1.8 -0.2 170 1.29 27 0.89 1.13 57.8

7 5.7 6.8 37.9 7.1 367 110 29 +0.19 95 52 +0.9 +0.3 180 1.20 34 1.08 1.53 39.4

8 6.1 6.9 42.1 7.4 224 130 38 +0.28 110 47 +2.2 +0.5 200 1.09 32 0.88 1.22 33.1

9 7.3 7.0 47.2 8.1 407 145 37 +0.22 100 50 +2.5 +0.4 210 1.25 34 0.98 1.67 34.5

10 7.9 7.1 50.1 5.9 365 125 35 +0.21 90 48 +1.2 -0.3 190 1.41 26 0.99 1.39 53.9

11 8.1 8.3 48.2 5.6 382 150 38 +0.19 95 42 +2.0 -0.4 200 1.36 37 0.87 1.62 44.1

12 8.0 5.9 49.5 6.4 412 160 33 +0.27 80 35 +2.7 -0.4 160 1.18 31 0.68 1.11 34.1

13 5.6 7.1 38.6 6.9 399 155 40 +0.37 100 55 +2.1 +0.6 190 1.35 25 0.93 1.28 42.6

14 7.3 7.3 43.8 8.1 355 120 39 +0.23 85 47 +1.2 +0.3 220 1.25 35 0.75 1.09 32.5

15 7.8 8.1 43.0 8.4 312 110 29 +0.15 120 53 +1.7 +0.4 230 1.41 39 1.11 1.47 26.3

16 7.8 6.5 41.6 6.2 405 140 32 +0.29 100 41 +1.1 -0.2 210 1.23 33 0.81 1.21 32.8

17 8.0 6.1 48.1 6.7 453 95 38 +0.31 90 51 +1.1 +0.3 180 1.47 36 0.86 1.39 49.3

18 5.5 5.8 37.7 5.9 393 130 35 +0.27 105 48 +0.9 +0.2 210 1.15 28 0.97 1.59 31.7

19 5.9 7.0 39.5 7.7 410 110 34 +0.32 85 45 +2.1 +0.6 200 1.21 30 1.13 1.35 31.8

20 6.4 6.4 42.7 7.0 444 100 36 +0.20 115 58 +2.0 -0.4 170 1.39 29 1.03 1.44 54.5

Range 5.5-
8.5 12-18 37-51 6-10

200-
500

90-150 40 40 120 60 4 1/3 R 150-
250

1.5 25-40 1.5 1.75
see:

Tilley
et al.

(2008)
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Table 3. Relation of CK-MB U/L level to ECG record.

Mean CK-MB
Changes in ECG concentration N SD Min Max Me

(range: 4,7-6,3 U/L)

0 118.8727 30 62.3784 4.1500 252.1100 110.2500

1 130.9740 15 51.5986 48.7800 211.8500 130.6400

2 250.0580 5 110.2294 138.2200 369.6200 198.3900

Total 135.6216 50 74.6331 4.1500 369.6200 127.8950

H = 7.954225; p = 0.0187 (**)
0 – dogs with normal ECG record
1 – dogs with slight changes in ECG (e.g. increased rhythm, elevated T wave)
2 – dogs with significant changes in ECG (e.g. nodal tachycardia, additional ventricular beats, bradyarrhythmia)
N = number of dogs, SD = standard deviation, Min = minimal value, Max = maximal value, Me = mediana
The statistical analysis showed there to be significant correlations between ECG changes in dogs suffering from babesiosis and
the activity of CK-MB in their serum. Significant differences were found between groups “0” and “2” with probability p<0.05.

Table 4. Relation of troponin level to changes in ECG record.

Mean
Changes in ECG troponin level N SD Min Max Me

(range: <0,2 ng/dl)

0 0.66833 12 0.56399 0.200000 1.70000 0.520000

1 1.04833 6 0.43563 0.590000 1.70000 0.960000

2 11.12000 5 10.13938 1.200000 26.70000 9.200000

Total 3.03957 23 6.15484 0.200000 26.70000 0.820000

0 – dogs with normal ECG record
1 – dogs with slight changes in ECG (e.g. elevated rhythm, elevated T wave)
2 – dogs with significant changes in ECG (e.g. nodal tachycardia, additional ventricular beats, bradyarrhythmia)
H = 11.29; p = 0.0035 (**)
N = number of dogs, SD = standard deviation, Min = minimal value, Max = maximal value, Me = mediana
The statistical analysis showed there to be significant correlations between the ECG changes of the dogs suffering from
babesiosis and the troponin concentration in their serum. The biggest differences in this regard were noted between groups “0”
and “2”.

and troponin concentration. An important correlation
between the tested parameters was reported in the
group of dogs that had significant abnormalities in
ECG (e.g. nodular tachycardia, additional ventricular
beats, bradyarrhythmia) (Tables 3 and 4).

No correlation was observed between the par-
ameters determined in the haematology test and
changes in the ECG of dogs infected with Babesia
protozoa. The p value for the analysed parameters
was p>0.05. For dogs in which the shortening fraction
was elevated (above 40%), the leukocyte count was
statistically significantly higher compared to dogs with
a correct shortening fraction (p=0.04). Additionally,
in all dogs with incorrect shortening fraction, the par-
ameters determined in the echocardiography test
were statistically significantly different (higher) than
in dogs in which the shortening fraction was correct in
the echocardiography test. Statistically significant dif-
ferences occurred for all tested parameters: LA/Ao
(p=0.013), FS (p=0.00001), RVOT (p=0.003) and

LVOT (p=0.0006). Furthermore, in protozoa-infes-
ted dogs with an incorrect shortening fraction, statisti-
cal relations in the correlation test were observed only
between LA/A0 and RBC, HCT and HGB: r = -0.73,
r = -0.73 and r = -0.70, respectively. In these cases,
the correlation was negative.

During the study of the relations between ECG
results and the echocardiography test results, a corre-
lation between LA/Ao and the T wave amplitude
(r = 0.66) was noted in dogs with the incorrect
shortening fraction.

Discussion

In recent years, much attention has been paid to
cardiac disorders in the course of babesiosis, which
can cause the death of the infected animals.

In this study, in the electrocardiography test, the
most frequent abnormalities in the ECG record in
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dogs with babesiosis were a change in T-wave mor-
phology and an increased sinus rhythm. They were the
consequences of hypoxia of the organism which,
among other things, subsequently led to the damage
of the cardiac muscle (Lobetti 2010).

The observations of Dvir et al. (2004) showed that
the frequency of conductivity disturbances in the car-
diac muscle in sick dogs presents as follows: changes
in the morphology of T wave – 40%, heart-axis devi-
ation – 40%, dilated QRS complex – 32%, atrioven-
tricular block – 7%, premature ventricular beats – 7%.
These authors did not report cases of supraventricular
and nodular tachycardia, which occurred in one dog in
this study. It should also be mentioned that the de-
scribed studies involved dogs from the Republic of
South Africa where the aetiological factor of babesio-
sis is most commonly B. rossi – a more virulent form
of Babesia. This fact could have had an influence on
the obtained results (Matjila et al. 2008, Penzhorn
2011).

It should also be noted that in the course of
babesiosis there are many factors which affect the
change of the electrocardiogram, e.g. anaemia, hy-
poxia or uraemia, and the heart muscle damage can-
not be determined solely based on ECG result
(Lobetti et al. 2012). Nevertheless, in animals with
protozoa infection, in which there is an irregular
rhythm, the prognosis is poor (Dviret al. 2004).

In this study, in order to confirm heart muscle
damage, the serum troponin I (cTnI) level was meas-
ured, as well as the creatine kinase isoenzyme
(CK-MB) level, which are the markers of myocardium
damage (Schoberet al. 1999, Boswood et al. 2009,
Lobetti 2012).

Tests of heart muscle damage have become in-
creasingly important in medical and veterinary prac-
tice in recent years. Aside from troponin level tests,
the method of NT-proNBP determination has also
been developed. The increase of troponin concentra-
tion level is equivalent to, among other things, the
increase of intracardiac pressure, hypoxia of myocar-
dium and increased tension of the sympathetic system
(Chetboul et al. 2004, Oyama et al. 2008, Boswood et
al. 2009). The elevated NT-proNBP level is a prognos-
tic factor of progress of heart disease (Oyama et al.
2008).

The isoforms I and T are the specific troponin
isoforms for the cardiac muscle. They are important
and very sensitive markers of cardiac-muscle damage
in humans, and hence are used in the diagnostics of
myocardial infarction, showing 100% sensitivity and
97% specificity in the diagnosis of this condition
(Alpert et al. 2000, Collinson et al. 2000).

It is worth noting that the amino-acid sequence of
cardiac troponins in humans and dogs is almost ident-

ical (O’Brien et al. 1997). The determination of these
protein levels in dogs makes sense when the subject’s
clinical symptoms persist longer than 8 hours but not
longer than 10 days. Studies carried out by Lobetti
(2005) showed that an elevated level of troponin per-
sisting for a longer time is an indicator of poor prog-
nosis.

In this study 38% of dogs with babesiosis had
a level of troponin I in serum above the limit of the
norm (i.e. 0.2 ng/mL), and in 2 dogs that died as
a consequence of the disease the limit was significant-
ly exceeded.

Our observations, similarly to the results pres-
ented by Lobetti et al. (2012), demonstrated that the
troponin I level is not related to the haematocrit level.
In 7 dogs in this study, the troponin I level was ex-
ceeded and the haematocrit level was normal. On one
occasion the haematocrit level was low and troponin
I level was normal.

The second marker determined for the assessment
of cardiacmuscle damage was the creatine kinase en-
zyme (CK-MB). After all of the 50 serums obtained
from the sick animals had been examined, it appeared
that in 49 samples the level of this enzyme in serum
was elevated. The studies of Schober et al. (1999)
showed that creatine kinase isoenzyme MB is more
specific for cardiac muscle damage as compared with
creatine kinase, though publications from the last cen-
tury proved that the assessment of cardiac muscle
damage on the basis of troponin I (cTnI) level deter-
mination is more reliable than assessment on the basis
of determination of CK-MB level or ECG examin-
ation (Schoberet al. 1999). This is caused by the fact
that elevated CK-MB activity is observed when the
liver is damaged, a frequent complication in the
course of babesiosis. The specificity of CK-MB level
determination in humans for the detection of cardiac
muscle damage is significantly higher than in dogs.
This is related to the fact that creatine kinase MB
isoform in the cardiac muscle in dogs accounts for
4-13% of the total activity of creatine kinase, while in
humans it is almost 40%. The other sources of cre-
atine kinase MB isoform include the spleen, muscles,
lungs and intestines, which can also be damaged in the
course of canine babesiosis (Aktas et al. 1993). It can
be concluded that the elevated level of creatine kinase
MB isoenzyme may be treated as nonspecific marker
of the course of babesiosis in dogs, even in cases with
a mild course.

In this study, in the echocardiography test, atten-
tion was focused mainly on the assessment of the frac-
tional shortening (FS%) as well as the disturbed
speed flow at the outflow from the right (RVOT) and
left ventricles (LVOT). Before the examinations
started, it had been assumed that, due to anaemia and
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decreased haematocrit, changes would occur in car-
diac muscle contraction and in blood flow through the
heart. The level of the fractional shortening was in-
creased (above 40%) in 12 dogs, constituting 24%.
The decreased haematocrit level was also observed in
8 dogs out of these 12, similarly to dogs with babesio-
sis coming from the RSA (Spotswood et al. 2006). In
both studies the dogs with a low haematocrit level had
an increased heart rate, a change in morphology of
T wave in electrocardiography and an increased frac-
tional shortening. Additionally, in the studies carried
out in the RSA, it was noted that the e-point septal
separation was substantially reduced in dogs with hae-
matocrit below 20%, while in dogs with haematocrit
over 20% the EPSS did not significantly differ from
dogs with normal Ht.

The presented results show that cardiac changes
are common in canine babesiosis, but most changes
are nonspecific and appear to have little clinical sig-
nificance. Cardiovascular assessment should be based
on the assessment of the level of troponin I and
CK-MB in the serum of sick animals. High concentra-
tions of these factors might be indicators of poor
prognosis.
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