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Abstract. Global climate change inrecent decades hasled toanincrease in the activity and expansion
oftherange of many diseases. One of themis canine babesiosis. Therefore, it is becoming increasingly
important to monitor the functional state of the organism in sick dogs and timely detection of
kidney, liver, spleen, cardiovascular system, anaemia, and other disorders that complicate the course
of babesiosis. The research aims to determine the peculiarities of metabolic and functional changes
in dogs with different intensities of babesiosis infection. During the laboratory diagnostics, general
and special research methods were used: light microscopy, centrifugation, spectrophotometry, and
mathematical statistics. Based on the results of comprehensive microscopic, morphological, and
biochemical studies of blood in dogs with different intensities of babesiosis infection, the most
characteristic functional and metabolic changes in their body were identified. Thus, at different
intensities of babesiosis infection in diseased animals, the features of the haematological profile
are leukocytopenia against the background of eosinopenia (at a mild degree of infection) and
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lymphocytopenia with a simultaneous compensatory increase in the number of monocytes and
neutrophils, as well as erythrocytopenia, hypochromemia, thrombocytopenia with a decrease in
thrombocrit and haematocrit. In addition, these patients developed hyperfermentemia of aspartate
and alanine aminotransferases, alkaline phosphatase, and y-glutamyl transpeptidase, indicating
structural and functional changes, primarily in the myocardium, liver, skeletal muscle, brain and
kidneys due to their toxic damage by babesia waste products. At the same time, hypoproteinaemia,
hypoalbuminemia and hyperazotemia were observed in the affected animals, indicating an increase
in the intensity of catabolic processes in functional cells of organs and tissues, especially the
liver. The most pronounced changes in the studied parameters were observed at high intensity of
babesiosis infection. The established regularities allow the use of these haematological parameters
as markers of functional and metabolic changes in the body of dogs at different intensities of
babesiosis infection

Keywords: morphological blood parameters; haematocrit; thrombocrit; biochemical blood

parameters; leukogram; enzymes

Introduction

Babesiosis is a blood-borne parasitic disease of
domestic and wild carnivores and fur-bearing
animals caused by protozoa of the genus Babe-
sia, spread by ixodid ticks, and is recorded on all
continents. In dogs, the disease is most often
acute with a high mortality rate. The patho-
genesis of severe babesiosis in dogs is primar-
ily based on generalised, multiorgan changes,
which require timely diagnosis and constant
monitoring of the functional state of both indi-
vidual organs and their systems, as well as the
organism as a whole. Therefore, the research
relevance lies in the need to determine marker
indicators, in particular blood, for effective and
timely laboratory diagnosis of functional disor-
ders in dogs with babesiosis infection.
According to the researchers, due to sig-
nificant climate change on the planet, there is
an intensive increase in the period of activity
of babesiosis vectors, and therefore this dis-
ease is increasingly recorded in dogs in winter.
As a result, babesiosis, which used to be a lo-
calised disease, is now becoming widespread
and should be subject to constant monitoring.
V.A. Levytska et al. (2020) reported that the

territory of Ukraine is considered an epizootic
focus of babesiosis in dogs. It should also be
noted that infected animals develop non-ster-
ile immunity for 1-2 years, and therefore
J.A. Panti-May & R.I. Rodriguez-Vivas (2020)
focus on the prospects for a comprehensive
study of this infection in mammals. According
to A. Hildebrandt et al. (2021), more than 400
such cases have already been recorded among
the US population and 21 in Europe. According
to V.A. Levytska et al. (2020), the most com-
mon causative agent of the disease in European
countries is B. canis, but species such as B. vogeli,
and B. gibsoni are also common. L.I. Torianyk
(2021) also notes defects in the walls of blood
vessels with dissection, haemorrhage, microve-
siculation and endothelial desquamation, the
development of intravascular coagulation and
thrombosis, microcirculatory disorders, and
ischaemia. As noted by W. Zygner et al. (2023),
protozoa of the genus Babesia parasitise pri-
marily erythrocytes, although they can be
found in blood plasma and the cytosol of cells
of the reticuloendothelial system. According
to K. Rajamanickam & V. Leela (2023), Babesia
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canis destroys red blood cells in diseased animals
directly in the vascular bed, which is compli-
cated by the development of hypotensive shock
and generalised damage to functional cells of or-
gans and tissues due to oxygen deficiency.

Among the most characteristic changes
in red blood cells in the peripheral blood-
stream, M. Liu et al. (2022) focus on the de-
velopment of oligocythemia with anisocytosis
and poikilocytosis, as well as the occurrence
of oligochromemia, manifested by macrocyto-
sis and a decrease in hematocrit. At the same
time, significant changes in the morphological
and functional state of erythrocytes are diag-
nosed in affected dogs. In particular, they affect
the population composition of erythrocytes,
namely the number of mature red blood cells
that undergo rapid destruction predominates,
and the number of young forms significantly
decreases. D. Sojka et al. (2022) describe an in-
crease in the content of free iron in the blood
and a simultaneous decrease in the level of sat-
uration of transferrin with this trace element.
As a result of the described processes, haemo-
globin synthesis at the level of red bone marrow
is impaired, which leads to the development of
anaemia, and subsequently jaundiced skin, vis-
ible mucous membranes, and haemoglobinuria.
Among the established patterns, normochro-
mic, normocytic, and non-regenerative anae-
mia is observed during the first day of clinical
manifestation of the disease, and then, on the
second or third day, hypochromic, macrocytic,
with reticulocytosis.

During the active phase of the disease
in dogs, according to V.A. Gryshchenko &
D.S. Bilokur (2021), functional disorders of the
cardiovascular, digestive, and urinary systems
are most often detected, and in severe clinical
forms, even cerebral pathology. Therefore, a
general clinical blood test for babesiosis in-
fection allows for determining the degree and
extent of damage to internal organs in such
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patients. In particular, J. Kules et al. (2023) note
the need for an in-depth study of the features
of the disease manifestation at the cellular
level and the identification of new markers for
assessing the functional state of both the whole
organism and its internal organs. Modern lab-
oratory diagnostics of animal diseases is based
on the use of sensitive biochemical tests and
methods for diagnosing most animal diseases,
including babesiosis, which also allows for the
control of the course of the pathological pro-
cess, the occurrence of possible complications
and determining treatment tactics.

Based on the aforementioned, the research
aims to determine the general reaction of the
Labrador dog to different intensities of babesi-
osis infection caused by B. canis. To achieve the
aim of the study, the following tasks were set:
to identify and differentiate the causative agent
of canine babesiosis microscopically; to select
animals with low and high intensity babesiosis
infection; to study the effect of the blood para-
site on the functional state of the organism and
to determine marker changes in blood param-
eters in sick dogs with different intensities of
babesiosis infection.

Literature Review

The clinical manifestation of Babesiosis infec-
tion in dogs has its characteristics depending on
the type of Babesia species involved. As noted
by V.A. Levytska et al. (2020), different strains of
Babesia canis differ in pathogenicity. In some re-
gions, the disease may be moderately expressed,
while in others it is highly pathogenic. Dogs of
all ages are susceptible, but puppies are more of-
ten affected. The incubation period for B. canis is
10-21 days, and in the case of B. gibsoni, it is 14-
28 days. V. Djokic et al. (2021) described that the
mortality rate from Babesia spp. reaches more
than 12%, and in the case of B. rossi, up to 1%.
There is no cross-immunity between Babesia
canis and Babesia gibsoni.
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According to B.K. Atkinson et al. (2022), in
acute cases, the first clinical symptom of the
disease is a significant increase in body temper-
ature (up to 42°C). According to M. Torti et al.
(2020), the most common symptom of babesi-
osis in dogs is the development of haemolytic
anaemia caused, in particular, by the destruc-
tion of red blood cells due to increased osmotic
fragility, extra- and intravascular haemolysis,
erythrophagocytosis and immune-mediated
destruction of red blood cells by parasitic anti-
gens, parasite-induced cell membrane damage,
and anaemia. Haemoglobin dysfunction, oxida-
tive damage, contamination, and sequestration
of red blood cells are also possible. O. Mazanny
et al. (2020) noted an increase in haematocrit
values as a result of relative haemoconcentra-
tion, which manifested itself simultaneously
with increased haemolysis against the back-
ground of fluid movement from the intravas-
cular to the extravascular component. Such
animals were at risk due to the high threat of
functional disorders of internal organs.

V. Djokic et al. (2021) note that the severity
of the clinical course of babesiosis in dogs can
vary significantly, from subclinical to acute or
even chronic. Typical symptoms of this pathol-
ogy include fever, depression, anorexia, anae-
mia of the mucous membranes and skin, sple-
nomegaly, tachypnoea, and tachycardia. Clinical
symptoms are caused by the development of
anaemia and, as a result, tissue hypoxia in af-
fected dogs, as well as the active release of cy-
tokines, which provokes the manifestation of a
systemic inflammatory response syndrome. Pa-
tients have no appetite, but thirst and general
weakness are noted. Frequent manifestations
include haemoglobinuria. M. Torti et al. (2020)
point out that in chronic cases, body tempera-
ture is not too high and rarely lasts more than a
few days. Anaemia and jaundice are less severe.
In general, dogs become noticeably weaker and
lose weight. Damage to the circulatory system is

manifested by vasodilation with a tendency to
disseminate intravascular coagulopathy at the
capillary level, increased permeability and may
progress to hyperaemia and oedema. In case of
central nervous system damage, movement dis-
orders, paresis, epileptic seizures, etc. occur.

T. Rawangchue & S. Sungpradit (2020) in-
dicate that Babesia vogeli in adult dogs causes
an asymptomatic infection. Parasitaemia is
extremely low, and babesiosis infection may
not be diagnosed by blood smear examination.
However, puppies show severe anaemia, and the
subclinical course is mainly observed in adult
dogs. B.L. Penzhorn (2020) reports the clinical
manifestation of infection caused by Babesia
canis shows greater variability in pathogenic-
ity, intermediate between B. vogeli and B. Rossi,
with most dogs showing anaemia. According to
O. Teodorowski et al. (2022), Babesia gibsoni in-
fection has a subacute, acute, or chronic course.
As noted by the researchers, the most common
is the acute course, which is manifested by the
development of fever, haemolytic anaemia, se-
vere weakness, splenomegaly, lymphadenop-
athy, and thrombocytopenia. The superacute
state is rare. American Pit Bull and Stafford-
shire Bull Terrier disease is mainly transmitted
through dog bites. PCR-positive subclinical in-
fections with B. gibsoni have also been reported.

Materials and Methods

Haematological studies were conducted in
2022-2023 at the interdepartmental educa-
tional and scientific laboratory of veterinary
diagnostic research at the Faculty of Veteri-
nary Medicine of the National University of Life
and Environmental Sciences of Ukraine and
the laboratory of the Zoolux Veterinary Clinic
(39 Dmytrivska Str., Kyiv).

The research methodology included a gen-
eral clinical blood test and assessment of the
biochemical profile of blood in dogs with acute
babesiosis with different intensities of infection.
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For scientific purposes, three groups of Labrador
dogs aged 2 to 7 years and weighing 23.6-35.2 kg
were formed. Experimental group 1 included
dogs with a low-intensity babesiosis infection (4
animals with the names: Akita, Bruno, Jess, and
Malysh), experimental group 2 included animals
with a high-intensity infection (4 animals with
the names: Danya, Bonia, Peta, and Charlie). The
control group included 6 clinically healthy dogs
(nicknames: Lisa, Fly, Boy, Day, Alma, Bars) aged
2 to 7 years, which underwent preventive exami-
nation at the Zoolux veterinary clinic (Kyiv). The
results of a general clinical blood test in animals
of this group corresponded to the reference range
of physiological values typical for healthy dogs.

Blood samples for haematological studies
were taken from the anterior saphenous vein
of the forearm. The study design included the
following steps:

e creation of smears of heparin-stabilised
blood and determining the presence of babesia;

¢ identification of the pathogen and de-
termination of the intensity of the babesiosis
infection;

* blood centrifugation of stabilised eth-
ylenediaminetetraacetic acid (EDTA) for bio-
chemical tests at 3000-3500 rpm for 5 min;

e conducting a general clinical blood test
using a Dymind DF51 haematological analyser
(China) (examination of the number of formed
elements, leukogram, haematocrit and thromb-
ocrit, as well as haemoglobin content in whole
blood);

* biochemical analysis of blood parame-
ters on analysers “StatFax 4500” (USA), “Min-
dray BS-230” (China) (study of the activity of
the following enzymes in blood plasma: ala-
nine aminotransferase (ALT, ES 2.6.1.2), aspar-
tate aminotransferase (AST, EC 2.6.1.1), alka-
line phosphatase (ALP, EC 3.1.3.1), y-glutamyl
transpeptidase (y-GTP, EC 2.3.2.2);

e a complex of biochemical parame-
ters: total protein, albumin, creatinine, urea,
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cholesterol, glucose, total bilirubin, direct bil-
irubin, potassium, calcium, inorganic phospho-
rus, and magnesium);

* research result summarisation and their
analysis.

Laboratory diagnostic studies were per-
formed using reagents from Global Scientific
(USA). Microscopic assessment of the detec-
tion of intraerythrocytic parasites in stained
blood smears was performed using the Ro-
manowsky-Giemsa method. Light microscopy
was used using a Micros microscope (Austria,
2012). Leukodif 200 stains (LDF 200, Czech Re-
public) were used to stain blood smears.

The intensity of erythrocyte damage by
protozoa was determined per 100 cells and
marked as “+”:

“+” —up to 1-2 erythrocytes affected by Babe-
sia were assessed as low intensity of infection;

“++” — up to 3-4 erythrocytes affected by
Babesia were assessed as medium intensity of
infection;

“+++” — up to 1-4 erythrocytes affected by
Babesia were assessed as severe infection.

At low intensity of infection, 1-2 Babesia
were detected in one erythrocyte, and at high
intensity — 4-6 or more protozoa in one cell. Ex-
perimental groups were formed from animals
with only low and high-intensity of infection.

The results of the conducted research were
processed using generally accepted methods
of variation statistics with the involvement of
computer programs. In this case, the values of
arithmetic means (M) were calculated consid-
ering n - the size of a particular sample. The
Student’s t-test was used to finally determine
the existence of significant differences between
the mean values for each indicator. Differences
were considered significant at P<0.05.

Experimental studies complied with the
requirements of ISO/IEC 17025:2005 (2006).
The animals were kept, and all manipulations
were carried out following the provisions of the
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Procedure for conducting experiments and ex-
periments on animals by scientific institutions
(Law of Ukraine No. 249, 2012), the European
Convention for the Protection of Vertebrate An-
imals Used for Experimental and Other Scien-
tific Purposes (European convention..., 1986).

Results

According to the results of clinical examina-
tion of dogs with babesiosis, the presence of
hyperthermia (increase in body temperature to
40-41°C), anaemia of non-pigmented skin and
visible mucous membranes was noted, which
later in some animals with a high intensity of
infection was replaced by icterus, loss of appe-
tite, depression, exhaustion and the appearance
of brown urine colour (in three animals named
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Danya, Peta, Charlie). The latter may indicate
the occurrence of a symptom characteristic of
high-intensity infestation — haemoglobinuria.
Generalised changes in most internal organs and
their systems during this infection significantly
affect the severity of its course, which requires
regular monitoring of the functional state of the
organism of sick dogs. Eight cases — 4 of low and
4 of high-intensity babesiosis infection in dogs
caused by Babesia canis were described.
Microscopic picture of blood in dogs with
different intensities of Babesiosis infection. Mi-
croscopic examination revealed Babesia canis in
the blood smear. In four dogs — Akita, Bruno, Jes-
se, and Malysh — the infection was assessed as
+”, these dogs were included in the group with a
low intensity of infection (Fig. 1).

Figure 1. Blood sample analysis for babesiosis in dogs with low intensity of B. canis
Note: photos of blood samples: a and b, magnification x400

Source: compiled by the authors

In four dogs - Danya, Bonya, Peta and Char-
lie — the infection corresponded to “+++”, which

was assessed as a high intensity of the lesion
(Fig. 2).

Figure 2. Blood sample analysis for babesiosis in dogs with high intensity of B. canis
Note: photos of blood sample preparations: a — x200 magnification, b — x360 magnification

Source: compiled by the authors
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General clinical blood test in dogs with
different intensities of babesiosis infection.
Morphological studies of the blood of Labrador
dogs with babesiosis showed the presence of
leukocytopenia, which was characterised by a
decrease in the number of leukocytes by 31.0%
at low and 60.6% at high intensity of infection.
Lymphocytopenia was diagnosed in dogs of
both experimental groups, in particular, a de-
crease in the relative number of lymphocytes
by 2.2 times at low and 2.3 times at high in-
tensity of babesiosis infection. The fact indi-
cates a decrease in the resistant state of the
organism in diseased animals, which may be
a consequence of impaired functional capac-
ity of leukocyte poiesis organs (bone marrow,
lymph nodes, spleen) due to infection with the

pathogen of blood cells and progression of in-
toxication. At the same time, neutrophilia was
observed in the blood of the diseased animals
compared to the control, i.e., an increase in
the relative number of segmented neutrophils
by 1.1 times in both experimental groups and
monocytosis, i.e., an increase in the relative
number of monocytes both at low (2.0 times)
and high (2.3 times) intensity of invasion,
which reflects the body’s defence response and
indicates the phenomenon of active phagocy-
tosis of protozoa, erythrocyte decay products,
bacteria and endotoxins (Table 1). Eosinope-
nia was diagnosed only in animals with a low
intensity of infection. In this case, the relative
number of eosinophils was 3.0 times lower
compared to the control.

Table 1. General clinical analysis of blood parameters in dogs
with different intensities of babesiosis infection (M*m, n=4-6)

Indicator Reference limits
White blood cells, 10°/L 4.5-15.5
Stick-nucleated neutrophils, % 0-3
Segmented neutrophils, % 60-77
Eosinophils, % 2-10
Basophils, % 0-1
Monocytes, % 0-10
Lymphocytes, % 12-30
Red blood cells, 10'%/L 4.8-9.3
Haemoglobin, g/L 120-180
Haematocrit, % 36-55
Platelets, 10°/L 170-500
Thrombocrit, % 0.14-0.46

Dogs with low Dogs with high
ool infection severity  infection severity
7.1+0.5 4.9+0.4* 2.8+0.3*
1.7#0.2 0 0
67.5¥2.4 75.6%2.1%* 72.3*1.9
2.4+0.3 0.8+0.2* 2.0%0.1
0.5%0.1 0 0
7.3+0.8 14.3%1.0* 16.9%0.9*
20.6+1.8 9.3+0.8* 8.8+0.7*
6.1+0.8 5.1¥0.4 3.9+0.2*
127.0+4.2 113.2%3.3* 83.8+4.1*
43.5%¥1.2 32.0+1.4* 23.0£1.2*
339.3%17.1 32.8+2.1% 25.8+2.4*
0.30%0.1 0.03+0.01* 0.02%0.01*

Note: *P<0.05, statistically significant differences compared to the control

Source: compiled by the authors

The analysis of the results of morpholog-
ical blood examination proved the presence of
anaemia in diseased dogs. Thus, in the blood
of animals with babesiosis at a high intensity
of infection, a decrease in the number of red
blood cells by 36.1% (erythrocytopenia) and
haemoglobin content (hypochromemia) by
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10.9% (at low intensity of infection) and 34.0%
(at high intensity of infection) was observed
with a simultaneous decrease in hematocrit
value, respectively, by 1.4 and 1.9 times (Ta-
ble 1). Significant changes were also noted
in the number of platelets and thromboc-
rit in the blood of diseased animals. Thus, in
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diseased animals, the number of platelets was
reduced (thrombocytopenia) by 10.3 times (at
low intensity of infection) and 13.2 times (at
a high intensity of infection), and the value of
thrombocrit decreased according to the inten-
sity of infection by 10 and 15 times compared
to the control.

Thus, in dogs with babesiosis, character-
istic changes in the morphological profile of
the blood are leukocytopenia against the back-
ground of eosinopenia (with a mild degree of
infection) and lymphocytopenia, along with
adaptive manifestations of monocytosis and
neutrophilia. In addition, these animals were
diagnosed with hypochromemia, erythrocy-
topenia (with high intensity of invasion), and
thrombocytopenia with a decrease in throm-
bocrit and haematocrit. The intensive devel-
opment of anaemia in sick dogs, especially
pronounced at high intensity of infection, pro-
vokes the development of circulatory and tissue
hypoxia, which causes shifts in the homeostasis

system and corresponding disorders of func-
tional activity on the part of organs and their
systems in the body, which significantly affect
the biochemical profile of blood plasma.

Biochemical profile of blood plasma in
dogs with different intensities of babesiosis
infection. In dogs with babesiosis, in addition
to changes in the morphological parameters of
the blood, a significant increase in the activity
of several enzymes was noted (Table 2). Thus,
in dogs with babesiosis, hyperenzymemia was
found: aspartate aminotransferase 1.7 times (at
low intensity of infection) and 4.0 times (at high
intensity of infection), alanine aminotrans-
ferase 1.1 times (at low intensity of infection)
and 2.8 times (at high intensity of infestation);
y-glutamyl transpeptidase by 1.3 times (at mild
intensity of infestation) and 1.5 times (at high
intensity of infestation), alkaline phosphatase
by 2.8 times (at mild intensity of infestation)
and 4.6 times (at high intensity of infestation)
compared to the control.

Table 2. Plasma enzyme activity in dogs with different intensities
of babesiosis infection (M*m, n=4-6)

Indicator Reﬁ;?tr; ce
Aspartate aminotransferase, U/L 5-55
Alanine aminotransferase, U/L 5-107
y-Glutamyl transpeptidase, U/L 0-14
Alkaline phosphatase, U/L 10-150

Dogs with low Dogs with high
Control . X . . . .
infection severity  infection severity
30.3+0.8 50.9+1.4* 120.3+3.7*
56.1£1.9 62.6%1.3* 156.8+4.1*
6.7x0.6 9.0+1.1* 9.8%1.3*
80.5%2.6 228.1+6.4* 366.1+7.1%

Note: *P<0.05, statistically significant differences compared to the control

Source: compiled by the authors

In addition, in the context of the biochem-
ical profile of blood plasma, a significant de-
crease in the content of total protein by 15% (at
low intensity of invasion) and 29.9% (at high in-
tensity of invasion) was noted compared to the
control, against the background of hypoalbu-
minemia (according to the degree of invasion,
a decrease in albumin level by 26.2 and 35.0%).
This resulted in a significant increase in blood

plasma urea concentration by 70.5% (with se-
vere infection), which reflected an increase in
the intensity of catabolic processes, especially
in liver cells (Table 3).

At the same time, the concentration of
bile pigments - total and conjugated bilirubin,
as well as other biochemical parameters — re-
mained unchanged in the blood plasma of the
affected dogs.

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4
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Table 3. Biochemical profile of dog blood plasma with different intensity
of babesiosis infection (M*m, n=4-6)
Dogs with low Dogs with high

Indicator Reference limits Control T A LS E e

Total protein, g/L 51-78 64.5%¥1.4 54.8+1.3* 45.2%1.1*

Albumin, g/L 24-44 32.1%1.1 23.7%0.8* 20.9%0.6*
Creatinine, pmol/L 44-138 79.2%3.1 74.6%2.3 73.1£3.4

Urea, mmol/L 2.5-9.6 6.1%0.2 4.9+0.6 10.4+0.9*
Cholesterol, mmol/L 2.4-84 4.8+0.3 5.2+0.3 4.3+0.8
Glucose, mmol/L 3.9-8.3 6.1%0.3 6.0+0.8 6.3+0.5
General bilirubin, umol/L 0-5 2.5+0.4 1.8+0.3 2.2+0.4
Direct bilirubin, pmol/L 0-3 1.5%0.3 1.3+0.1 1.6+0.2
Potassium, mmol/L 3.6-5.5 4.6+0.2 4.0+0.3 4.3+0.4
Calcium, mmol/L 2.2-3.0 2.6+0.1 2.2+0.3 2.1£0.3
Inorganic phosphorus, mmol/L 0.68-2.00 1.3%0.2 1.0%0.2 1.5%0.4
Mangesium, mmol/L 0.7-1.1 0.9£0.1 0.7£0.2 0.9£0.2

Note: *P<0.05, statistically significant differences compared to the control
Source: compiled by the authors

The results obtained are summarised and quantitative characteristics of morphological
presented schematically in Figure 3, which and biochemical parameters of blood in dogs
shows the differences in the qualitative and  with different intensities of babesiosis infection.

Morphological Changes in haematological parameters in dogs with Biochemical
blood indicators different intensities of babesiosis infection parameters of blood

L -
-~ v L N 7 v N\
increase Increase
At low infection levels: At low infection levels:
- The number of segmented neutrophils increased by 1.1 times; - AST activity by 1.7 times;
- The number of monocytes increased by 2.0 times. - ALT activity by 1.1 timeS"
At high infection levels: - ALP activity by 1.3 times"
- The number of segmented peutrophils incre.ased by 1.1 times; - GGT activity by 2.8 times’.
\_ The number of monocytes increased by 2.3 times. ) At high infection levels:
-# - ACT activity by 4.0 times;
/ Reduction N - ALT activity by 2.8 times;
At low infection levels: - ALP activity by 1.5 times;
- White blood cell count by 31.0%; - GGT activity by 4.6 times;
- The number of eosinophils increased by 3.0 times; - Urine concentration by 70.5%.
- The number of lymphocytes increased by 2.2 times; N\ J
- Hematocrit by 1.4 times; Ve '# ™~
- Platelet count increased by 10.3 times; Reduction
- Thrombocrit 10 times. At low infection levels:
At high infection levels: - The total protein content is 15.0%;
- White blood cell count by 60.6%; _ The albumin content is 26.2%:
- The number of lymphocytes increased by 2.3 times; - Hemoglobin content by 10.9%’.
- Red blood cell count by 36.1%; At high infection levels:
- Hematocrit by 1.9 times; . - The total protein content is 29.9%;
- Platelet count increased by 13.2 times; - The albumin content is 35.0%.
\__- Thrombocrit 15 times. /L J

Figure 3. Peculiarities of changes in morphological and biochemical parameters at different
intensities of babesiosis infection in Labrador dogs
Note: Changes in indicators that are specific to a particular group of sick dogs are highlighted in purple
Source: compiled by the authors
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As such, marker changes among the indi-
cators of the biochemical profile of blood plas-
ma in dogs with different intensities of babe-
siosis infection were observed: the activity of
aminotransferases — aspartate and alanine
aminotransferase, y-glutamyl transpeptidase
and alkaline phosphatase, the content of to-
tal protein, albumin, urea (at high intensity of
infection), which confirms the development of
destructive changes and functional disorders in
the cells of the liver, kidneys and other inter-
nal organs. This may be not only the result of
the toxic effects of the blood parasite’s waste
products on functional cells of internal organs
but also the consequence of the use of potent
medicinal products in sick dogs.

Discussion

The results of observation of dogs with babesio-
sis indicate the development of a symptom com-
plex typical of this blood-borne disease. Accord-
ing to O. Mazannyi et al. (2020), almost 60-70%
of affected animals showed the following clinical
changes: characteristic of visible mucous mem-
branes, haemoglobinuria, and hyperthermia,
which confirms our study results. In most animals,
the researchers also recorded other symptoms
(weakness, loss of appetite, shortness of breath,
thirst, etc.), the appearance of which depended
on the intensity of the babesiosis infection and
the severity of the disease. A similar clinical
picture of the course of babesiosis in dogs is de-
scribed by J.A. Panti-May & R.I. Rodriguez-Vivas
(2020) and W. Zygner et al. (2023), which may in-
dicate the identity of the mechanisms of patho-
logical effects of babesia on the body of dogs. It
can be assumed that differences in the general
manifestation of the disease in most cases corre-
late with the degree of pathogenicity of the path-
ogen, the intensity of its invasion and the indi-
vidual characteristics of the resistant state of the
dog’s body. The results of comprehensive hae-
matological studies in patients with babesiosis

infection of Labrador dogs indicate pathological
changes in the structural and functional state of
most internal organs, which generally proves the
generalised form of the disease course at both
low and high intensity of infection. This indicates
the need for continuous monitoring of the func-
tional state of the body, which is also mentioned
by O. Dubova & A. Duboviy (2018), A. Henning
et al. (2020), M. Karasova et al. (2022) and other
researchers.

In particular, according to the results of
haematological studies of blood smears from
sick dogs with varying degrees of babesiosis
infection, a decrease in the body’s resistance
state was noted, which may be due to a dys-
function of the functional capacity of leukocyte
poiesis organs (bone marrow, lymph nodes,
spleen) during infection with the pathogen
of blood cells and progression of intoxica-
tion. At the same time, similarly to a study by
F. Dantas-Torres et al. (2021), neutrophilia and
monocytosis were observed in the blood of dis-
eased animals compared to controls, the degree
of which was determined by the intensity of
babesiosis infection. The established patterns
reflect the organism’s defence reaction and are
closely related to the phenomenon of active
phagocytosis of protozoa, erythrocyte decay
products, bacteria and endotoxins. According
to the study, eosinopenia was diagnosed only in
animals with a low intensity of infection.

Furthermore, during the course of babe-
siosis infection in dogs, all four enzymes
studied were sensitive: aspartate and alanine
aminotransferases, y-glutamyl transpepti-
dase and alkaline phosphatase. This was par-
ticularly pronounced in animals with a high
intensity of infection and confirms the results
of similar haematological studies described by
O. Shchebentovska et al. (2022). In particular,
they noted the development of hyperfermenta-
tion of aspartate aminotransferase and aspar-
tate aminotransferase, respectively, by 5 and
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3 times compared to the control. O. Mazannyi
et al. (2020) reported a more than 3-fold in-
crease in aspartate aminotransferase activity
in the blood plasma of sick dogs, with no ab-
normalities in alanine aminotransferase activ-
ity, creatinine, and urea concentrations. These
facts indicate similar trends, and the differenc-
es relate only to numerical values, which are
explained by different approaches to research.
The study by V.A. Levytska et al. (2020) found
that in the group of dogs with azotemia, a
higher ratio of aspartate aminotransferase/ala-
nine aminotransferase activity was recorded.
This fact suggests that kidney damage causes
an increase in the activity of aspartate ami-
notransferase in affected dogs.

The diagnosed changes in the activity of
enzymes in the blood indicate a generalised
nature of functional and structural disorders in
the internal organs of sick dogs. In particular,
V. Djokic et al. (2021) reported disorders of the
structural organisation of specialised cells and
the dependent functional state of several inter-
nal organs (heart, liver, brain, kidneys). These
changes are also confirmed by A.S. Ubah et al.
(2019), who added skeletal muscle and brain
to the previous list. This suggests that the dys-
function of these organs is primarily associated
with intravascular haemolysis of red blood
cells affected by blood parasites, progressive
hypoxia, and intoxication of the body with
babesia waste products, as well as severe hepa-
totoxicity of potent therapeutic agents.

The development of circulatory and tissue
hypoxia in dogs with babesiosis occurs against
the background of the progression of haemo-
lytic anaemia and pathological changes in the
blood vessel wall. As noted by M. Torti et al.
(2020), with babesiosis infection in dogs, due to
a decrease in the partial pressure of oxygen in
the tissues, anaerobic glycolysis, the main end
product of which is lactate, becomes important
in maintaining the energy balance in cells. An
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increase in its concentration in the blood causes
the development of lactate acidosis. According
to these authors, acidification of the internal
environment of the body in sick dogs provokes
an increase in vascular wall porosity, vasodila-
tion, blood stasis and a decrease in blood pres-
sure, which are noted in the pathogenesis of
this blood-parasitic disease. The development
of lactate acidosis also causes a decrease in sen-
sitivity to circulate catecholamines, an increase
in the intensity of peroxidation of cell mem-
brane lipids, disruption of oxidative phospho-
rylation, a sharp decrease in the production of
adenosine triphosphoric acid, and, in general,
affects enzymatic activity. As a result, accord-
ing to T. Ullal et al. (2018), there are changes in
the intensity of metabolic reactions and their
direction, as well as disorganisation and disor-
ders of the functional state of cell membranes
of organs and tissues.

Thus, in the case of complex haematolog-
ical studies in dogs with babesiosis with dif-
ferent intensities of B. canis infection, marker
changes in the morphological and biochemical
parameters of blood were determined. The ob-
tained results are important for elucidating the
pathogenesis of this disease in dogs both at the
level of the whole organism and individual or-
gans and their systems, as well as for determin-
ing the features of functional changes at low
and high intensity of infection, which will con-
tribute to the development of new approaches
in their laboratory diagnosis, prevention of
complications and increase the effectiveness
of animal treatment.

Conclusions

Based on the results of comprehensive micro-
scopic, morphological, and biochemical studies
of blood samples taken from dogs with differ-
ent intensities of babesiosis infection (mild and
high) caused by B. canis, the most character-
istic metabolic and functional changes in the
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diseased organism were identified. Thus, depend-
ing on the level of babesiosis infection, the devel-
opment of leukocytopenia was diagnosed in sick
dogs, namely: a decrease in the absolute number
of leukocytes in the blood by 31.0% at low and
60.6% at high intensity, which manifested itself
against the background of eosinopenia (only at
low intensity of infection) and lymphocytopenia
with simultaneous monocytosis and neutrophil-
ia and indicates suppression of leukocytopoiesis.
In addition, these animals were characterised by
erythrocytopenia, hypochromemia, and throm-
bocytopenia with a decrease in thrombocrit and
hematocrit, indicating the development of anae-
mia and coagulopathy, which were more pro-
nounced at a high intensity of infection.

The most sensitive biochemical parameters
of blood plasma in sick dogs, especially at high
intensity of babesiosis infection, were enzymes:
aspartate and alanine aminotransferase, y-glu-
tamyl transpeptidase and alkaline phosphatase,

hypoproteinemia, hypoalbuminemia and hyper-
azotemia, which proves the presence of homeo-
stasis disorders and the prevalence of catabolic
processes in the cells of internal organs, in par-
ticular hepatocytes. The observed patterns of
changes in the morphological and biochemical
parameters of blood in dogs with different inten-
sities of babesiosis infection are important for
clarifying the pathogenesis of this disease, de-
termining the characteristic functional changes
in the diseased organism, and developing effec-
tive methods of their laboratory diagnosis, effec-
tive prevention of complications and clarifying
the strategy in the treatment of such patients.

A promising area for future research is to
determine the peculiarities of the rehabilita-
tion period for the restoration of functional
activity of internal organs and metabolism in
dogs suffering from various degrees of babesi-
osis infection caused by B. canis.

indicating destructive changes in internal or- Acknowledgements
gans, in particular, liver, heart, skeletal muscle  None.
and kidneys. Sick dogs with varying intensity
of infection, especially those with a high de- Conflict of Interest
gree of its manifestation, are characterised by = None.

References

[1] Atkinson, B.K., Thompson, P., Van Zyl, E., Goddard, A., Rautenbach, Y., Schoeman, J.P,,
Mukorera, V., & Leisewitz, A. (2022).Kinetics of the inflammatoryresponse during experimental
Babesia rossi infection of beagle dogs. Veterinary Parasitology, 306, article number 109717.

doi: 10.1016/j.vetpar.2022.109717.

[2] Dantas-Torres,F., Alexandre,]., Miranda, D.E.O., Figueredo, L.A., da Silva Sales, K.G., de Sousa-
Paula, L.C., da Silva, L.G., Valle, G.R., Ribeiro, V.M., Otranto, D., Deuster, K., Pollmeier, M., &
Altreuther, G. (2021). Molecular epidemiology and prevalence of babesial infections in dogs in
two hyperendemic foci in Brazil. Parasitology Research, 120, 2681-2687. doi: 10.1007/s00436-

[3] Dijokic, V., Rocha, S.C., & Parveen, N. (2021). Lessons learned for pathogenesis, immunology,
and disease of erythrocytic parasites: Plasmodium and Babesia. Frontiers in Cellular and
Infection Microbiology, 11, article number 685239. doi: 10.3389/fcimb.2021.685239.

[4] Dubova, O., & Duboviy, A. (2018). Hepathopathy and nephropathy in the dogs’ babesiosis:
pseudohepatorenal syndrome. Scientific Messenger of LNU of Veterinary Medicine and
Biotechnologies. Series: Veterinary Sciences, 20(83), 102-107. doi: 10.15421/nvlvet8320.

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4


https://www.sciencedirect.com/science/article/abs/pii/S0304401722000711
https://www.sciencedirect.com/science/article/abs/pii/S0304401722000711
https://link.springer.com/article/10.1007/s00436-021-07195-8
https://link.springer.com/article/10.1007/s00436-021-07195-8
https://link.springer.com/article/10.1007/s00436-021-07195-8
https://www.frontiersin.org/articles/10.3389/fcimb.2021.685239/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.685239/full
https://doi.org/10.15421/nvlvet8320

Gryshchenko et al.

[5] European convention for the protection of vertebrate animals used for experimental and other
scientific purposes. (1986). Retrieved from https://rm.coe.int/168007a67b.

[6] Gryshchenko, V.A., & Bilokur, D.S. (2021). The general reaction of dogs in the acute stage
babesian invasion. Ukrainian Journal of Ecology, 11(5), 85-90. doi: 10.15421/2021 213.

[7] Henning, A., Clift, S.]J., & Leisewitz, A.L. (2020). The pathology of the spleen in lethal canine
babesiosis caused by Babesia rossi. Parasite Immunology, 42(5), article number e12706.
doi: 10.1111/pim.12706.

[8] Hildebrandt, A., Zintl, A., Montero, E., Hunfeld, K.P., & Gray, J. (2021). Human babesiosis in
Europe. Pathogens, 10(9), article number 1165. doi: 10.3390/pathogens10091165.

[9] ISO/IEC 17025:2005. (2006). Retrieved from http://online.budstandart.com/ua/catalog/doc-
page.html?id doc=50873.

[10] Karasova, M., Téthova, C., Grelova, S., & Fialkovicova, M. (2022). The etiology, incidence,
pathogenesis, diagnostics, and treatment of canine babesiosis caused by Babesia gibsoni infection.
Animals: An Open Access Journal From MDPI, 12(6), article number 739. doi: 10.3390/ani12060739.

[11] Kules, J., Rubid, 1., Farkas, V., Bari¢ Rafaj, R., Goti¢, J., Crnogaj, M., Burchmore, R., Eckersall, D.,
Mrljak, V., & Leisewitz, A.L. (2023). Serum proteome profiling of naturally acquired Babesia rossi
infection in dogs. Scientific Reports, 13, article number 10249. doi: 10.1038/s41598-023-37312-9.

[12] Law of Ukraine No. 249 “On the Procedure for Carrying out Experiments and Experiments on
Animals by Scientific Institutions”. (2012, March). Retrieved from https://zakon.rada.gov.ua/
laws/show/z0416-12#Text.

[13] Levytska, V.A., Mushinsky, A.B., Zubrikova, D., Blanarova, L., Dtugosz, E., Vichova, B.,
Slivinska, K.A., Gajewski, Z., Gizinski, S., Liu, S., Zhou, L., & Rogovskyy, A.S. (2021). Detection
of pathogens in ixodid ticks collected from animals and vegetation in five regions of Ukraine.
Ticks and Tick-Borne Diseases, 12(1), article number 101586. doi: 10.1016/j.ttbdis.2020.101586.

[14] Liu, M., Igarashi, I., & Xuan, X. (2022). Babesia gibsoni. Trends in Parasitology, 38(9), 815-816.
doi: 10.1016/j.pt.2022.03.001.

[15] Mazannyi, O., Prykhodko, Yu., Nikiforova, O., Fedorova, H., & Lyulin, P. (2020). Clinical
and diagnostic studies babesiosis of dogs. Bulletin “Veterinary Biotechnology”, 37, 51-62.
doi: 10.31073/vet_biotech37-06.

[16] Panti-May, J.A., & Rodriguez-Vivas, R.I. (2020). Canine babesiosis: A literature review of
prevalence, distribution, and diagnosis in Latin America and the Caribbean. Veterinary Parasitology,
Regional Studies and Reports, 21, article number 100417. doi: 10.1016/j.vprsr.2020.100417.

[17] Penzhorn, B.L. (2020). Don’t let sleeping dogs lie: Unravelling the identity and taxonomy of
Babesia canis, Babesia rossi and Babesia vogeli. Parasites & Vectors, 13, article number 184.
doi: 10.1186/513071-020-04062-w.

[18] Rajamanickam, K., & Leela, V. (2023). Low haemoglobin density as an anaemic indicator in
canine babesiosis. Indian Journal of Veterinary and Animal Sciences Research, 49(1), 7-13.

[19] Rawangchue, T., & Sungpradit, S. (2020). Clinicopathological and molecular profiles of
Babesia vogeli infection and Ehrlichia canis coinfection. Veterinary World, 13(7), 1294-1302.
doi: 10.14202/vetworld.2020.1294-1302.

[20] Shchebentovska, O., Prus, B., & Danko, M. (2022). Pathomorphological changes in German
boxer dog infected with Babesia canis parasites. Clinical case. Scientific Messenger of LNU
of Veterinary Medicine and Biotechnologies. Series: Veterinary Sciences, 24(105), 10-17.
doi: 10.32718/nvlvet10502.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4



https://rm.coe.int/168007a67b
https://www.ujecology.com/articles/the-general-reaction-of-dogs-in-the-acute-stage-babesia-invasion.pdf
https://doi.org/10.1111/pim.12706
https://doi.org/10.1111/pim.12706
https://www.mdpi.com/2076-0817/10/9/1165
https://www.mdpi.com/2076-0817/10/9/1165
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
https://www.mdpi.com/2076-2615/12/6/739
https://www.mdpi.com/2076-2615/12/6/739
https://www.nature.com/articles/s41598-023-37312-9
https://www.nature.com/articles/s41598-023-37312-9
https://zakon.rada.gov.ua/laws/show/z0416-12%23Text.
https://zakon.rada.gov.ua/laws/show/z0416-12%23Text.
https://doi.org/10.1016/j.ttbdis.2020.101586
https://doi.org/10.1016/j.ttbdis.2020.101586
https://doi.org/10.1016/j.pt.2022.03.001
https://doi.org/10.1016/j.pt.2022.03.001
https://doi.org/10.31073/vet_biotech37-06
https://doi.org/10.31073/vet_biotech37-06
https://www.sciencedirect.com/science/article/abs/pii/S2405939020301003
https://www.sciencedirect.com/science/article/abs/pii/S2405939020301003
https://doi.org/10.1186/s13071-020-04062-w
https://ru.scribd.com/document/511136291/Low-haemoglobin-density-as-an-anaemic-indicator-in-canine-babesiosis
https://ru.scribd.com/document/511136291/Low-haemoglobin-density-as-an-anaemic-indicator-in-canine-babesiosis
https://pubmed.ncbi.nlm.nih.gov/32848303/
https://pubmed.ncbi.nlm.nih.gov/32848303/
https://doi.org/10.32718/nvlvet10502
https://doi.org/10.32718/nvlvet10502

Dogs' general response to babesiosis infection of various severities

[21] Sojka, D., Jaloveckd, M., & Perner, J. (2022). Babesia, theileria, plasmodium and hemoglobin.
Microorganisms, 10(8), article number 1651. doi: 10.3390/microorganisms10081651.

[22] Teodorowski, O., Kalinowski, M., Winiarczyk, D., Dokuzeyliil, B., Winiarczyk, S., & Adaszek, L.
(2022). Babesia gibsoni infection in dogs — A european perspective. Animals: An Open Access
Journal From MDPI, 12(6), article number 730. doi: 10.3390/ani12060730.

[23] Torianyk, I.I. (2021). The role and significance of morphological changes in intraorgan vessels
in animals during pathogenesis of babesiosis. Actual problems of modern medicine: Bulletin of
Ukrainian Medical Stomatological Academy, 21(2), 160-164. doi: 10.31718/2077-1096.21.2.160.

[24] Torti, M., Kules, J., Matijatko, V., Brkljacic, M., Kis, I., Gotic, J. Mrljak, V., & Iva, S. (2020). Acid-
base status in canine babesiosis caused by Babesia canis. Veterinary Archives, 90(6), 603-610.
doi: 10.24099/vet.arhiv.1230.

[25] Ubah, A.S., Abalaka, S.E., Idoko, I.S., Obeta, S.S., Ejiofor, C.E., Mshelbwala, P.P., Omeje, J.N.,
& Ajayi, I.E. (2019). Canine babesiosis in a male Boerboel: Hematobiochemical and anatomic
pathological changes in the cardiorespiratory and reproductive organs. Veterinary and Animal
Science, 7, article number 100049. doi: 10.1016/j.vas.2019.100049.

[26] Ullal, T., Birkenheuer, A., & Vaden, S. (2018). Azotemia and proteinuria in dogs infected
with Babesia gibsoni. Journal of the American Animal Hospital Association, 54(3), 156-160.
doi: 10.5326/JAAHA-MS-6693.

[27] Zygner, W., Gojska-Zygner, O., & Norbury, L.J. (2023). Pathogenesis of anemia in canine
Babesiosis: Possible contribution of pro-inflammatory cytokines and chemokines. Pathogens,
12(2), article number 166. doi: 10.3390/pathogens12020166.

3arajibHa peakiiisi opraHiamy codoak
3a pisHOi iHTeHCMBHOCTI 0a0e3i03H01 iHBa3il

BikTopist AnaromriiBHa I'puiieHKo
IlIoKTOp BeTepMHAPHUX HAYK, ITpodecop
HarionanbHMit yHiBepcuTeT 6iopecypciB i MpUpPOmOKOPUCTYBaHHS YRpaiHu
03041, Byn. TepoiB O6opounu, 15, M. Kui, Ykpaina
https://orcid.org/0000-0001-6601-1392
OsieHa BasieHTHiBHA CeMeHKO

Kangupat BeTepyHApHUX HAYK, JOLEHT
IepskaBHuit yHiBepcuTeT HaBappu
31006, kammyc «Appocana», [Tamriona, m. HaBappa, Icmanist
https://orcid.org/0000-0002-6453-6192
Hiana CepriiBHa Bimoxkyp
BeTepuHapHmii nikap
BertepuHapHa kiinika “Zoolux”
02000, Byn. ImutpiBcbKa, 39, M. Knis, Ykpaina
https://orcid.org/0009-0007-3516-3204

Awnoramnisa. [mo6anabHi 3MiHM KJIiMarty, IO BiIOYBAIOThCS B OCTaHHI JECATUNITTS, MPU3BOASTH 10
36iIbIlI€HHSI aKTMBHOCTI Ta PO3LIMPEHHS apeaTy pPO3TOBCIOMKeHHST 6araTbox XBopo6. OmHi€lo 3 HUX

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9414693/
https://pubmed.ncbi.nlm.nih.gov/35327127/
https://pubmed.ncbi.nlm.nih.gov/35327127/
https://www.researchgate.net/publication/352501932_THE_ROLE_AND_SIGNIFICANCE_OF_MORPHOLOGICAL_CHANGES_IN_INTRAORGAN_VESSELS_IN_ANIMALS_DURING_PATHOGENESIS_OF_BABESIOSIS
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=2513403
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=1908442
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=1402002
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=1919693
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=32240708
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=3506755
https://apps.webofknowledge.com/OutboundService.do?SID=D1GigOims4GOy75XiIX&mode=rrcAuthorRecordService&action=go&product=WOS&lang=ru_RU&daisIds=3361401
https://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=D1GigOims4GOy75XiIX&page=2&doc=14
https://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=D1GigOims4GOy75XiIX&page=2&doc=14
https://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=D1GigOims4GOy75XiIX&page=2&doc=14
https://www.researchgate.net/publication/347789512_Acid-base_status_in_canine_babesiosis_caused_by_Babesia_canis
https://www.researchgate.net/publication/347789512_Acid-base_status_in_canine_babesiosis_caused_by_Babesia_canis
https://pubmed.ncbi.nlm.nih.gov/32734071/
https://pubmed.ncbi.nlm.nih.gov/32734071/
https://doi.org/10.5326/jaaha-ms-6693
https://doi.org/10.5326/jaaha-ms-6693
https://www.mdpi.com/2076-0817/12/2/166
https://www.mdpi.com/2076-0817/12/2/166
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-6601-1392&authorId=8275326700&origin=AuthorProfile&orcId=0000-0001-6601-1392&category=orcidLink%22
https://orcid.org/0000-0002-6453-6192?lang=ru
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-6601-1392&authorId=8275326700&origin=AuthorProfile&orcId=0000-0001-6601-1392&category=orcidLink%22

Gryshchenko et al.

€ 6a6e3i03 cob6aK. A TOMY, BCe aKTYAIbHIIIMM CTa€ 3/1i/iCHEHHS MOHITOPUHTY 32 (QYHKI[iOHATbHUM
CTaHOM OPraHi3My B XBOPUX COOaK Ta CBOE€UYACHE BUSBJIEHHS YPakeHb HUPOK, TEYiHKM, Cee3iHKM,
CepleBO-CyAMHHOI CUCTeMM, PO3BUTOK aHeMii i1 iHIIMX MOpYyIIeHb, M0 YCKIAIHIOTh mepedir
6a6e3io3y. MeToio po6OTM 6Yy/I0 3’ICYBaHHS OCOOAMBOCTEl MeTabOMiuHMX i (PYHKIIOHATBHUX
3MiH B OpraHi3mi cobak 3a pi3HOi iHTeHcuBHOCTi 6abe3iosHoi iHBasii. Ilim uyac TpoBemeHHS
J1a6opaToOpHOi 1iaTHOCTMKY BUKOPUCTOBYBa/IM 3arajibHi Ta creliajbHi MeTOOM JOCTiIKEHHS:
CBiTJIOBY MiKPOCKOITi10, IIeHTpU(YTYBaHHS, CIIEKTPODOTOMETPiI0 T MATEMATUYHOI CTATUCTUKU. 32
pe3yabTaTaMyu KOMIUIEKCHUX MiKPOCKOIIYHMX, MOPMOIOTiYHMX i 6i0XiMiYHMX JOCTIIKEHb KPOBi B
cobak 3a pi3HOi iHTeHCMBHOCTI 6a6e3i03H01 iHBa3ii BcTaHOB/IEHO HalixapakTepHillli GyHKIIiOHATbHI
Ta MeTabosiuHi 3MiHM B ixHbOMy oprasismi. Tak, 3a pi3Hoi iHTeHCMBHOCTI 6abe3io3Hoi iHBasii B
XBOPUX TBapWH OCOOIMBOCTSIMY T€MaTOJIOTiYHOTO MPOQIIIO € IEKOIMTOIIEHIsT Ha T/Ii €03MHOTIEHi 1
(3a J1erkoro ctymneHs iHBasii) Ta JiMpoIMUTOIeHii 38 OHOYACHOTO KOMIIEHCATOPHOTO 36i/TbIIIEeHHS
KiJIbKOCTi MOHOLIUTIB i HEMTPOQiTiB, a TAKOK €PUTPOLIMTOIEHIS, FIITOXPOMEMIisl, TPOMOOLIUTOTIEHisT
3i 3MEHIIIeHHSIM BeIVMYMHY TPOMOOKPUTY i reMaTokpuTy. KpiMm TOrO, Yy TakKux XBopux GikcyBamm
pO3BUTOK rinmepdepmenTemii acrmapraT- i anaHiHamiHoTpaHchepasu, mayskHO1 docdarasu,
Y-IyTaMiJITpaHCIIeNTHa31, 10 BKAa3ye Ha CTPYKTYPHO-(YHKIUiOHAJIbHI 3MiHM, HacaMmrepes,
y MioKap[i, MeviHIli, CkeleTHUX M’3ax, TOJIOBHOMY MO3KYy i HMpKax BHaCIiOK iX TOKCMYHOTO
YpaKeHHSI TPOAYKTaMMU SKUTTEIisNIbHOCTI 6abes3iii. BomHowyac y XBOpPUX TBapuH BigMmiuaau
rinmornporeiHeMilo, rinmoanb6yMiHeHi0 i rimepaszoTemito, [0 CBiZYNTH PO 3POCTAHHS iIHTEHCUBHOCTI
KaTabOMiYHMX TpoIleciB y GYHKIIOHAJbHUX KIITMHAX OPTaHiB i TKaHMH, HacaMmIlepes, IMeuiHKN!.
HaiiBupaskeHimni 3MiHM AOCTiIKYBaHMX TIOKAa3HMKIB BCTAHOBJIEHO 3a BMCOKOi iHTEHCHBHOCTI
6a6e3io3Hoi iHBa3ii. Bu3HaueHi 3aKOHOMIpPHOCTI JO3BOJSIOTH BMKOPUCTOBYBATM 3a3HauyeHi
reMaToJIOTiYHi ITOKa3HUKM B SIKOCTi MapKepiB QyHKIIIOHATbHUX Ta METa60MiYHMX 3MiH B OpraHizmi
cobak 3a pisHoi iHTeHcUBHOCTI 6a6e3i03HOi iHBasii
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