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With babesiosis in dogs, the capillary network is especially strongly affected due to the stimulation of the hemostasis system and
the development of thrombus formation in the microvasculature. Acute renal failure and even death of animals are caused by shock
phenomena and the syndrome of disseminated intravascular coagulation. Clinical, laboratory (hematological, biochemical, coagulome-
tric, hemodynamic, enzyme immunoassay) methods of research were conducted. Dogs with babesiosis have fever, anemia, and he-
moglobinuria, hematologically established anemia, systemic inflammation, thrombotic condition. Hemodynamic parameters determine
the state of shock, which in dynamics becomes decompensated and irreversible. The appearance of poikilocytes in the blood of sick
dogs indicates significant metabolic disorders in their body. The coagulogram reveals the syndrome of disseminated intravascular coa-
gulation. Syndrome markers significantly changed with a trend to increase during nephropathy. In addition, uremia, hyperuricemia,
hyperkalemia, hyponatremia, hyperphosphatemia, creatininemia were found in the sick dogs, which are reliable indicators and deter-
mine the development of an acute form of glomerulonephritis and progressive acute renal failure. According to the study of the general
biochemical status in animals, hepatopathy in the form of acute hepatitis and pancreatitis, and general intoxication syndrome were
established. In our findings: during acute spontaneous babesiosis, dogs developed nephropathy, which has two clinical stages: hemog-
lobinuria and oliguria/anuria. The pathogenetic basis for the development of glomerulonephritis and acute renal failure is the syndrome
of disseminated intravascular coagulation in response to the influence of a pathogen, which causes shock, forming a vicious circle of
shock. Under such conditions, renal failure increases and eventually leads to the death of the animal. The studied data will contribute to
the expansion of the conceptual understanding of the pathogenesis of canine babesiosis and determine the leading role of complications

in the development of kidney failure.
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Introduction

Ecological conditions in the zone of Ukrainian Polissia are optimal
for the formation of biotopes of ixodid ticks. Representatives of the Ixodi-
dae family, as temporary blood-sucking parasites, perform the functions of
biological vectors of infections for many species of vertebrates (Estrada-
Péna et al., 2012; Mierzejewska et al., 2015; Blazhev et al., 2021). Der-
macentor reticulatus Fabricius, 1794 and Ixodes ricinus Linnaeus, 1758
are adapted to parasitizing dogs. They are specific carriers of pathogens of
the protozoan disease — babesiosis (Pawelczyk et al., 2022). Babesia spp.
destroy erythrocytes, provoke the development of severe autoimmune
lesions of various organs and systems of the animal body (Dubova et al.,
2021; Bili¢ et al., 2023). Dogs of the Polissia region are parasitized by
large babesia, the length of which is longer than the radius of erythrocytes.
This is mainly Babesia canis Piana & Galli-Valerio, 1895, since the tick
D. reticulatus is the relevant vector for them (Krdl et al., 2016a, 2016b;
Danék et al., 2022).

The destruction of erythrocytes is accompanied by the development
of hypoxia in tissues. This condition leads to impaired functions and mor-
phological changes in the organs of infected dogs (Konto et al., 2014;
Akel & Mobarakai, 2017; Schetters, 2019). Shock states of various levels
develop, as the microcirculatory field of vital organs suffers (Solano-
Gallego & Baneth, 2011; Stowe et al., 2012; Bajer et al., 2022). Organs
that directly interact with the external environment are especially sensitive

to such violations. In particular, these are the kidneys, which, due to ana-
tomical features, have fenestral capillaries (Defauw et al., 2012; Lobetti
2012; Kules etal., 2021).

Babesia spp. affect erythrocytes in such a way that they pathological-
ly change their shape. In particular, erythrocytes lose their doubly concave
discoid shape or cell fragments are formed. Distorted cells, when the body
tries to dispose of them, stimulate hyperfunction of the liver, spleen and
kidneys. Over time, degenerative processes develop in these organs (Kon-
to etal., 2014; Akel & Mobarakai, 2017; Dubova et al., 2020).

The development of hepatopathy (Koster et al., 2015) extends the
disease-causing process to functional disorders of the kidneys by the me-
chanism of pseudohepatorenal syndrome. Cases of acute renal failure can
cause terminal conditions in dogs, often resulting in death (Defauw et al.,
2012; Lobetti, 2012; Kules et al., 2021). The shock state and the closely
related syndrome of disseminated intravascular coagulation (DIC) are uni-
versal secondary complications of babesiosis during severe pathologies.
Pathogenetic mechanisms of these processes have fatal consequences for
the functioning of vital organs. Lesions that develop in the pathogenesis of
DIC blood syndrome as a result of microcirculation blockade can cause
local ischemia, and subsequently ischemic necrosis, giving the organ a
“shock” status (Goddar et al., 2013; Solano-Gallego et al., 2016; Mittal
etal., 2019). Due to the peculiarities of the capillary’s system structure, it is
the kidneys that are in the first place in the risk zone for the development
of irreversible phenomena, moving into the category of “shock kidney”
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(Brandt et al., 2014; Winiarczyk et al., 2019). Therefore, the study of these
processes and connections involves the further inclusion in the official pro-
tocol of the babesiosis therapy in dogs, drugs aimed at eliminating the
development of complications of the excretory system and carrying out
anti-shock and stabilizing hemorheology measures.

The aim of work is to establish pathogenetic links between nephropa-
thy and microcirculatory disorders, disseminated intravascular coagulation
syndrome and shock in the course of acute spontaneous canine babesiosis.

Materials and methods

The research was conducted at the veterinary medicine clinic of the
Polissia National University, Zhytomyr, Ukraine, during 2022. The rese-
arch was coordinated within the norms of the European Convention for
the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), “General Ethical Principles of
Experiments on Animals” (Kyiv, 2001) and the Law of Ukraine “On the
Protection of Animals from ill-treatment” (2010). Compliance of the
conducted research with the principles of bioethics and protection of ani-
mals from ill-treatment during scientific work was confirmed by the
Commission for Bioethical Expertise of Polissia National University
(Protocol No. 1 of 10.01.2022). Diagnostic procedures were carried out
painlessly, and this didn’t lead to a deterioration in the health of the dogs.

Dogs of various breeds, aged 1-5 years, in the amount of 30 animals,
were selected as material for the study. Two groups were formed — the
investigated and the control group, each with 15 animals. The investigated
group included dogs suffering from acute spontaneous babesiosis with
nephropathy symptom complex. Concomitant diseases in these animals
have not been established. The control group was formed from clinically
healthy dogs: those that did not have clinical signs of any diseases, and
whose blood laboratory parameters were within reference limits.

Clinical studies of dogs were conducted using general methods. Ve-
nous blood samples were taken from the Vena saphena medialis of the
right hind limb. F L Medical vacuum tubes were used for blood sampling:

1) with sodium citrate buffer solution 0.129 mol/L — for hematologi-
cal and hemostasiological studies;

2) with gel and coagulation activator — for biochemical studies.

The basis for establishing the diagnosis was the indication and identi-
fication of pathogens using light microscopy of thin, fixed blood smears.
Staining of smears was carried out by the method of rapid staining with
Leukodif-200 using the V-ChromerIII device (West Medica, Austria,
2019). Light microscopy was performed on a Kem Obe digital micro-
scope (Kem, Germany, 2021) (Satpathy et al., 2014). The intensity of
parasitaemia was calculated by the percentage of affected erythrocytes in
10 fields of view. Using light microscopy, pathological forms of erythro-
cytes were also determined, which were identified by characteristic fea-
tures (Dubova et al., 2020). Cytological studies of blood, hemoglobin con-
tent, determination of erythrocyte sedimentation rate and hematocrit value
were carried out using an automatic hematology analyzer Abacus Vet5
(Diatron, Hungary, 2017).

Spontaneous aggregation ability of erythrocytes (spEAC) and plate-
lets (spPAC) was determined by shaking blood samples using a laborato-
1y shaker S-3 Micromed (Micromed®, Ukraine, 2020) according to
N. L. Tarasova (Panzer & Jilma, 2011). Circulating blood volume (CBV)
deficit was determined by Moore’s formula (Pacagnella et al., 2013; Lo-
pez-Picado et al., 2017). The series of coagulation hemostasis studies in-
cluded the determination of Lee-White spontaneous clotting time, silico-
nized clotting time, prothrombin time (PT) and activated partial thrombo-
plastin time (APTT), as well as fibrinogen content (Roshal, 2013a;
Roshal, 2013b; Panteleev et al., 2015). We used a two-channel coagulo-
meter RP-2202C (Rayto, China, 2019). The content of soluble fibrin-
monomeric complexes (SFMC) was determined by the orthophenanthro-
line method using a spectrophotometer Granum 721 (Granum, Ukraine,
2017) (Rafaj et al., 2013; Panteleev et al., 2015). The level of D-dimer was
determined using the method of solid-phase enzyme immunoassay using
AccuBind IFA reagents (Monobind Inc.®, USA, 2021) (Rafaj et al., 2013;
Gil, 2019).

Biochemical studies were performed using a semi-automatic bio-
chemical analyzer Chem 7 (Erba Mannheim, India). The content of urea

(Rashkovan method), uric acid (enzymatic uricase method), creatinine
(Jaffe method), total protein (biuret method), albumins (reaction with bro-
mocresol indicator), total and conjugated bilirubin (Van den Berg me-
thod), potassium, sodium and chlorine (indirect integrated multisystem
technology method) were determined. Serum enzymes activity was also
determined: aspartate aminotransferase (AsAT) and alanine aminotran-
saminase (AIAT) (Raitman and Frenkel method), gamma-
glutamyltranspeptidase (GGT), lactact dehydrogenase (LDQ), alkaline
phosphatase (LF), alpha-amylase (kinetic and colorimetric method),
pancreatic lipase (immunochromatographic method) using a rapid test
cPL (IDEXX, USA, 2022) (De Loor et al., 2013; Kellum & Devarajan,
2014).

Statistical analysis was performed using the SPSS Statistics 23.0
software package (IBM Knowledge Center, USA, 2020), using the Fi-
sher’s variance analysis method. The reliability of the obtained data was
assessed at the level of P < 0.05 according to Fisher’s F-criterion.

Results

The manifest form of the babesiosis was pronounced by the follo-
wing clinical signs: body temperature of 40-41 °C, loss of appetite, vomi-
ting, apathy, dyscoordination of movements, pale mucous membranes,
brown urine. During palpation of the kidneys in sick dogs, their enlarge-
ment was felt, and in the area of reflected pain sensations — clearly ex-
pressed. Subsequently, in some cases we could see yellowness of the
sclera, visible mucous membranes and skin. Subsequently, the daily
amount of urine decreased by 2-3 times, and in 6 animals (40.0%) urina-
tion stopped altogether. The animals fell into a state of stupor, ante-coma
and coma. Blood tests of dogs with acute spontaneous babesiosis were
performed at different stages of kidney damage — hemoglobinuria and
oliguria/anuria (Table 1). Anemia and erythropenia were found at all sta-
ges of nephropathy. The nature of anemia was hyperchromic. Leukocyto-
sis was detected, which decreased by 12.2% with the progression of neph-
ropathy.

Table 1
Hematological indicators of dogs with the nephropathy
as aresult of acute babesiosis (x = SE,n=15)

Investigated group

Parameter hemoglobinuria oliguria/anuria Control group
Hemoglobin, g/LL 8722 +4.46%+* 10232+763*  126.52+7.06
Erythrocyte sedimen- o s
tafion rate, mmvh 2463+425 2835+581 5.13+0.32
Erythrocyte, 10%/L 3.04+0.72%* 434+0.75* 726+0.52
Leukocyte, 10°/L 21.34£2.] %% 18.74+1.82%** 9.37+0.82
Thrombocyte, 10°/L 183.18+13.63*** 16236+ 11.64*** 300.62+ 1826
Intensity of parasitemia, g ¢, | gqe 90706244 -

%

Note: * — P < 0.05; ** — P <0.01, *** — P < 0.001 significant differences of the
investigated indexes compared with those in control group.

Thrombocytopenia increased dynamically during the course of neph-
ropathy. This indicator progressed synchronously with an increase in the
spontaneous aggregation ability of platelets (spPAC) (Table 2). Dogs
suffering from babesiosis with nephropathy symptoms had a reduced
hematocrit (P < 0.05 at the stage of oliguria/anuria). The circulating blood
volume deficit was 27.3% and 44.5%, respectively, spEAC and spPAC
were significantly increased (P < 0.001), the wetting index of the vascular
wall was increased by 2.4 and 3.0 times, respectively (P <0.001).

Morphological assessment of blood cells revealed altered forms of
red blood cells — poikilocytes, which are distorted cells that are not able to
fully perform their function (Fig. 1). The main pathological forms were
stomatocytes with one or several “mouths”, which accounted for up to
75.5% of the altered forms. Echinocytes were also found —up to 17.3% of
altered forms. The erythrocyte fragments are of particular importance —
schizocytes (up to 10.2% of altered forms), which are pathognomonic
forms of the blood DIC syndrome. In some cases, in dogs with signs of
kidney failure, the presence of erythrocyte shadows was noted. These

erythrocyte shadows are erythrocytes that were devoid of pigment and
only their shells remained, as a result of hemolysis.
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Table 2

Hemodynamic indicators and the state of vascular and platelet hemostasis in nephropathy of dogs with acute babesiosis (x + SE, n=15)

Investigated group
Parameter hemoglobinuria oliguria/anuria Control group

Hematocrit, % 352+0.63 264+ 142 474426
Specific circulating blood volume, mL / kg 90.5 £ 1.24%** 67.9£325%+* 1228+143
Blood loss volume, % 27.3%%* 44 5¥** 0
Spontaneous aggregation ability of erythrocytes, % 41.6+2.36™** 473 +524%%* 7.83+0.75
Spontaneous aggregation ability of platelets, %o 54.3 £3.84%** 64.6+6.28*** 1424272
The index of wetting the vascular wall 0.68 +0.03*** 0.88 +0.08*** 0.28+0.03

Note: see Table 1.

-

Fig. 1. Pathological forms of erythrocytes in a blood smear of a dog with acute spontaneous babesiosis: / — Babesia trophozoites; 2 — “one-mouthed”
stomatocytes; 3 — “two-mouthed’” stomatocyte; 4 — echinocytes; 5 — erythrocyte shadows; 6 — schizocytes; scale bars — 10 um

Hypocoagulation in the PT test (P < 0.001) and hypercoagulation in
the APTT test (P < 0.5) were found at the stage of hemoglobinuria, and
hypocoagulation (P < 0.001) in the case of oliguria/anuria in both tests
(Table 3). Hypofibrinogenemia, which progressively increases during the
course of nephropathy (P < 0.001), a dynamic increase in the D-dimer
level by 4 and 6 times, respectively (P < 0.001), and the SFMC level by
10 and 20 times, respectively (P < 0.001), were identified as markers of
DIC syndrome.

Specific indicators of the renal profile expand the picture of functional
changes in the kidneys of sick animals (Table 4). In sick dogs with a
symptom complex of nephropathy, there were established indicators that
progressed in their changes during the course of the disease: hyperuremia
(P < 0.001), hyperuricemia (P < 0.001), hypercreatininemia (P < 0.001),
hyperkalemia (P < 0.05 and P < 0.01), hyponatremia (P < 0.05), hyper-
phosphatemia (P <0.001).

Assessment of the general condition of the animal's body can be car-
ried out, based on general biochemical indicators that reflect the state of
the main body systems (Table 5). For canine babesiosis with symptoms of
nephropathy the following indicators were determined; progressive hypo-
albuminemia (at the stage of oliguria/anuria P < 0.001), hypoalbuminemia
(P <0.05 and P < 0.001), hyperbilirubinemia due to conjugated bilirubin
(P < 0.001), hyperfermentation of all significant enzymes (P < 0.001) —
AsAT by 4.8 and 7.3 times, AIAT by 4.8 and 7.2 times, GGT by 3.8 and
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7.2 times, LDG by 3.6 and 4.0 times, alkaline phosphatase by 2.0 and
3.4 times, alpha-amylase by 3.0 and 4.8 times, pancreatic lipase by 2.5 and
5.0 times.

Discussion

Parasitism of Babesia in the organism of dogs leads to destruction of
the red blood cells, which is the leading trigger for the entire chain of
pathological reactions. These reactions ultimately lead to functional dis-
orders of organs and systems (Stowe et al., 2012; Solano-Gallego et al.,
2016; Schetters, 2019).

In Ukraine on the territory of Polissia, outbreaks of acute babesiosis
in dogs correspond to the periods of activity of ixodid ticks and occur in
the spring (March—June) and autumn (end of August-November). In the
summer, during the heat, and in the winter, during the frost, ticks are in a
state of diapause of their biological cycle. On average, the prepatent period
takes 2-3 days after infection. Established clinical signs characterize the
intoxication syndrome. Febrile fever, vomiting, incoordination of move-
ments, a state of apathy determines the general reaction of the body to the
influence of the pathogen. In addition, these signs are caused by hypoxia
due to a violation of hemoglobin transport. Anemia of the mucous mem-
branes is one of the clinical criteria for the development of oxygen defi-
ciency in the body (Solano-Gallego & Baneth, 2011; Konto et al., 2014;
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Bajer et al., 2022). Hemoglobinuria is a characteristic symptom of babe-
siosis and confirms the release of hemoglobin outside the erythrocytes.
Itis also evidence of critical nephropathy with severe impaired glomerular
filtration. As a result, the release of hemoglobin pigment into the urine
becomes possible (De Loor et al., 2013; Kellum & Devarajan, 2014; Ei-
chenberger et al, 2016). Acute glomerulonephritis develops, and the
release of hemoglobin into the urine is one of the characteristic signs of
this pathology.

Table 3
State of the hemostasis system in nephropathy
in dogs with acute babesiosis (x = SE, n=15)

P or Ilhwes.tlgated group 4 Control
hemoglobinuria  oliguria/anuria group

Protrombin time, s 294+048%F  387+:053%*  196+014
Activated parial thrombo- 336, 4536 goga3o8e 4624325
plastin time, s
Fibrinogen, g/L 163+£042%  071+£0063%*  2.82+034
D-dimer, pg/L 054£0078%%%  076:0072%%  0.13+0.024
Soluble fibrin monomer 3, pgxrk 0602007145+ 0028200024
complexes, g/L

Note: see Table 1.

Table 5

General biochemical parameters in dogs with acute babesiosis (x + SE, n= 15)

Table 4
Indicators of renal blood serum profile in dogs
with acute babesiosis (x = SE, n=15)

Parameter Ipves-tigated group 4 Control

hemoglobinuria oliguria/anuria group
Urea, mmol/L 14.7£226%** 23.6+5.71%%* 5.12+0.13
Uric acid, pmol/L 1073 £691%** 1183 £8.36*** 634+276
Creatinine, pmol/L 356.7+£2224%%% 5702 +£337%%* 972+735
Potassium, mmol/L 82+091* 1124 1.78%* 56+036
Sodium, mmol/L 1324+£742 121.3 +6.84* 1472+726
Phosphorus, mmol/L 424 £03]%** 6.82+£0.81***  1.65+0.083

Note: see Table 1.

Subsequently, oliguria develops, turning into anuria. These symptoms
indicate acute renal failure and are life-threatening. At the same time, renal
filtration does not occur, residual nitrogen products are retained in the
body, and intoxication phenomena increase. Substances that are intended
for removal have a toxic effect on the metabolism and cause functional
disorders of various organs. As a result of these processes, the central
nervous system is affected, severe depression of consciousness develops
from a state of stupour to coma. In such conditions, the likelihood of death
is extremely high. (Brandt et al., 2014; Winiarczyk et al., 2019).

Investigated group

Parameter hemoglobinuria oliguria/anuria Control group
General protein, gL ©24=34 4321455+ 723142
Albumin, g/L 216+43* 16242740 359431
Total bilirubin, pmol/L 827+ 1774 18,18 42,37+ 112009
Conjugated bilirubin, pmolL 5.66+0.16%* 13.14:£3 364+ 00150003
Aspartate aminotransferase, IU/L 97.8+9.2%#* 1574+ 15,500 213+0.6
Alanine aminotransaminase, IU/L 86347 4%% 129.6 11.4%% 18009
Gammaglutamylranspeptidase, TU/L 182+2.2%F 34846340 48+0.1
Lactate dehydrogenase, IU/L 45324 18740 513.1 8.8+ 1263123
Alkaline phosphatase, UL 2864+ 14240 4564-£23 3%% 133271
o-Amylase, TULL 3053.6+ 28 4% 50167+ 41 2%+ 10123+ 158
Pancreatic lipase, IU/L 3094 14445 617.54+232%%¢ 1213482
Note: see Table 1.

Many studies (Vincent, 2013; Saini & Dunn, 2019; Goodman et al.,
2021) have shown a close relationship between various terminal states and
the development of complications — shock and DIC syndrome. Both
processes are closely related, forming a “vicious circle”. Our own labora-
tory tests were carried out in different stages of the course of nephropathy,
which we tentatively defined as the stage of hemoglobinuria and the stage
of oliguria/anuria. Hemoglobin content (Table 1) is significantly reduced
simultaneously with erythropenia at the stage of hemoglobinuria, which is
caused by the destruction of erythrocytes and the release of hemoglobin
from them. At the stage of oliguria/anuria, the hemoglobin level increases.
This can probably be caused by the exhaustion of the body’s buffer sys-
tems, which lose the ability to adequately dispose of hemolyzed hemoglo-
bin as the disease progresses. At the same time, the condition remains
anemic. At the stage of hemoglobinuria, leukocytosis was noted, the in-
tensity of which decreases as the nephropathy progresses. The rate of
erythrocytes’ sedimentation was stably increased by 56 times during the
observations. The combination of these indicators indicates a systemic inf-
lammatory response of the dog’s organism to the destructive influence of
Babesia spp. (Kirtz et al., 2012; Goddard et al., 2016; Rubi¢ et al., 2022).

Thrombocytopenia, which progresses with the development of the
disease synchronously with a reliable dynamic spPAC growth (Table 2),
indicates a thrombotic state and determines a violation of the vascular-pla-
telet hemostasis link. The interaction between the vascular endothelium
and blood cells becomes inadequate, the nutrition of the vascular wall by
blood plate factors does not occur, and the electrical relationship between
the vessel and blood cells is changed. This often acts as a trigger for DIC
syndrome. Thrombosis carries a special danger in the field of microcircu-
lation of the organs, in particular, kidneys. A 3-fold increase in the wetting
index of the vascular wall confirms the presence of a thrombotic state in
the body (Bari¢ Rafaj et al., 2013, Kules et al., 2017; Roopali et al., 2018).

The hematocrit value decreases significantly. At the stage of oliguria/
anuria, it is almost two times lower than the control indicator. The esti-
mated rate of circulating blood volume deficiency is 27.3% at the stage of
hemoglobinuria, and 44.5% at the stage of oliguria/anuria. The hematocrit
value decreases significantly at the stage of oliguria/anuria, it is almost two
times less than the control indicator. The calculated indicator of BCC
deficiency is 27.3% in the hemoglobinuria stage, and 44.5% in the olig-
uria/anuria stage. Taking into account the fact that there is no external
bleeding, it is assumed that the liquid component of blood enters the tis-
sues in the form of edema, and the formed blood elements are blocked in
blood clots, mainly in the microcirculatory bed (Bari¢ Rafaj et al., 2013,
Kules et al., 2017; Roopali et al., 2018).

The stage of the shock state is determined by the deficit in the volume
of circulating blood. Thus, the stage of hemoglobinuria includes subcom-
pensated shock, while the stage of oliguria/anuria includes decompensated
irreversible shock (Pacagnella et al., 2013; Lopez-Picado et al., 2017; Zyg-
ner et al., 2021). Such circumstances determine an extremely threatening
prognosis for the animal’s life.

At the first stages of conducting research, it is possible to establish qu-
alitative changes in erythrocytes, which can serve as screening criteria for
the condition of animals. Stomatocytes occupied up to 75.5% of the eryth-
rocytes’ changed forms (Fig. 1). These are erythrocytes of a changed
shape, which are cup-like concave with the formation of a pelor that re-
sembles a mouth. With babesiosis in dogs, stomatocytes with both one
and two “mouths” are detected. They appear in the blood as a result of the
accumulation of residual nitrogen products, which is caused by damage to
the detoxification functions of the liver (Ford, 2013; Goddard et al., 2013;
Dubova et al., 2020). After all, the mechanism of pseudohepatorenal synd-
rome consists in the secondary involvement of the kidneys in the patho-
logical process and their overload during the filtration function (Mittai
etal,, 2019; Vishwakarma et al., 2019).
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Up to 17.3% of the erythrocytes that changed forms were echinocy-
tes — forms with an abnormal cell membrane containing a large number of
small spiky protrusions (Fig. 1). The reason for the appearance of such
cells is uremia and kidney disease. When changes in the membrane under
the influence of residual nitrogen products become irreversible, the echi-
nocyte tums into an acanthocyte (Ford, 2013; Akel & Mobarakai, 2017;
Dubova et al., 2020). Fragments of erythrocytes — schizocytes —accounted
for about 8-10% of the altered forms (Fig. 1). Such abnormalities in red
blood cells occur in DIC syndrome, during which the generated fibrin
threads in the bloodstream tear the cells, creating erythrocyte fragments
(Kidd & Mackman, 2013; Akel & Mobarakai, 2017; Dubova et al.,
2020). Erythrocyte shadows are abnormalities that occur during massive
hemolysis and are membrane envelopes of cells. They also develop as a
result of hemolysis caused by uremia (Ford, 2013). None of the changed
forms of erythrocytes are able to fully perform their gas exchange func-
tions. Thus, the formation of the altered forms found in erythrocytes is
mainly caused by an increase in the concentration of residual nitrogen
products in the blood, as well as the development of DIC syndrome.

In the coagulogram of sick dogs, multidirectional changes are presen-
ted (Table 3). Hypocoagulation was noted in the PT test at the stage of
hemoglobinuria, while hypercoagulation was noted in the APTT test (Gil,
2019). This indicates the activation of blood coagulation by an internal
mechanism, and the factors of such activation are both vascular changes
and toxic substances in the blood circulation. Such multidirectional chan-
ges in the main coagulation tests indicate the consumption coagulopathy
stage of DIC syndrome, which usually corresponds to the subcompen-
sated shock we defined earlier (Roshal, 2013a, 2013b; Panteleev et al.,
2015).

At the stage of oliguria/anuria, hypocoagulation was established in
both coagulation tests, which indicates the stage of DIC syndrome’s hypo-
coagulation and fibrinolysis. This syndrome’s phase corresponds to de-
compensated irreversible shock established at the stage of oliguria/anuria.

The main markers of DIC syndrome (Table 3) increased during the
progress of nephropathy: hypofibrinogenemia by almost 2 and 3 times,
according to the stage; 4- and 6-fold increase in D-dimer; 10- and 20-fold
increase in SFMC. Therefore, with the course of nephropathy, the DIC
syndrome becomes more powerful, intensifying the vicious circle of
shock (Kules et al., 2017; Gil, 2019; Goodman et al., 2021). Thus, the
increase in the intensity of DIC syndrome is closely synchronized with the
increase of shock and has a life-threatening prognosis for the animal.

The specific indicators used for functional assessment of the kidneys
progressively changed during the development of nephropathy (Table 4).
Uremia increased 2.5 times at the stage of hemoglobinuria and almost
4.5 times at the stage of oliguria/anuria. Together with progressive creati-
ninemia (3.5 and 6.0 times, respectively), the indicator reflects the deve-
lopment of acute renal failure, which is life-threatening due to systemic
disturbances in the water-electrolyte balance, acid-base balance, and into-
xication (Lobetti, 2012; Kules et al., 2021).

Impairment of the kidneys’ excretory function was also indicated by
progressive uricemia (increase in the uric acid concentration by 1.5
2.0 times). It is a non-specific marker of the glomerulonephritis develop-
ment (Yu et al., 2018). Hyperkalemia, hyponatremia, and hyperphosphat-
emia indicated impaired glomerular filtration against the background of
hemorheological disorders of microcirculation, and the development of
glomerulonephritis. In addition, hyponatremia is caused by fluid retention
in the body, including the development of edema in the interstitial space
during the development of shock and DIC syndrome (Palmer & Schner-
mann, 2015; Gumz et al., 2015; Suki & Moore, 2016). Decreased glome-
rular filtration rate and subsequent hyperphosphatemia is one of the func-
tional criteria of acute renal failure. A 4-fold increase in the phosphorus
concentration (Table 4) indicates the terminal stage of renal failure, in
which the risk of animal’s death due to acute heart failure increases (Pra-
sad & Bhadauria, 2013; Suki & Moore, 2016).

For assessing the general biochemical condition of sick animals (Ta-
ble 5) hypoproteinemia and hypoalbuminemia were established. A de-
crease in the protein content in the blood serum determines its loss due to
the release of the liquid component of the blood into the tissues with the
formation of edema. In addition, a significant decrease in serum albumins
indicates an increase in the intensity of the systemic inflammatory process,

which results in a multi-organ systemic inflammatory response (Akel &
Mobarakai, 2017). Hyperbilirubinemia due to the conjugated fraction indi-
cates acute hepatitis, and reliable hyperfermentation of indicator enzymes
(AsAT, AIAT, LDG, alkaline phosphatase) proves the destructive proces-
ses occurring in cells. Consequently, along with nephropathy, dogs with
babesiosis develop hepatopathy, creating pseudohepatorenal syndrome
(Bari¢ Rafyj et al., 2013; Akel & Mobarakai, 2017). The pancreas is also
involved in the multiple organ systemic inflammatory response. Reliable
hyperfermentation of indicator enzymes of organ functioning indicates the
development of pancreatitis, which can be triggered by complications —
DIC syndrome and shock (Bari¢ Rafgj et al., 2013; Eichenberger et al.,
2016). Consequently, complications of babesiosis in the form of disorders
in the microcirculatory bed cause the development of DIC and shock syn-
drome, and these processes, in turn, involve various organs in the systemic
inflammatory response, forming multiple organ failure. Despite the pro-
nounced multiple organ pathology, the development of nephropathy is
more severe prognostically, and functional changes in the kidneys charac-
terize these organs as “‘shock” (Bari¢ Rafaj et al., 2013; Eichenberger et al.,
2016).

Thus, nephropathy in the course of acute spontaneous babesiosis can
be characterized as progressive acute renal failure. It develops as a result of
glomerulonephritis caused by disturbances in the field of the kidney glo-
meruli microcirculation. Such disorders are caused by the development of
DIC syndrome and shock, and the triggering factor is the influence of
Babesia spp. and its waste products on the vascular and platelet link of
hemostasis. Acute renal failure is a life-threatening condition for an animal
and is considered to require immediate emergency intensive care.

Conclusion

The development of acute spontaneous babesiosis in dogs is accom-
panied by nephropathy, which progresses and consists of two clinical sta-
ges — hemoglobinuria and oliguria/anuria. During the course of the dise-
ase, complications occur in the form of DIC syndrome and shock, which
is confirmed by a decrease in the specific volume of blood circulation, a
thrombotic state, as well as the presence of DIC syndrome markers —
hypofibrinogenemia, an increase in the level of D-dimer and SFMC in the
blood plasma. With hemoglobinuria, the shock is subcompensated, rever-
sed (27.3% blood circulation volume deficit), and DIC syndrome is in the
stage of consumption coagulopathy. With oliguria/anuria, the shock beco-
mes decompensated, irreversible (BCV deficit 44.5%), DIC syndrome
passes into the stage of hypocoagulation and fibrinolysis. Nephropathy
due to acute babesiosis in dogs takes the form of glomerulonephritis with
progression of acute renal failure. Shock, DIC syndrome, and acute renal
failure are linked and create a vicious cycle. The vicious circle’s starting
factors are vascular-platelet link disorders of hemostasis and the develop-
ment of DIC syndrome in response to the pathogenic influence of the cau-
sative agent. Shock and DIC syndrome, as the main complications, cause
multiple organ failure, which, in addition to nephropathy, is also mani-
fested by hepatopathy and pancreatitis.
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