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Abstract

Introduction: The purpose of the study was to investigate post-mortem changes in dogs infected with Babesia canis and to establish
the probable cause of death of the affected animals. Material and Methods: Cadavers of six dogs that did not survive babesiosis were
collected. Necropsies were performed and samples of various organs were collected for histological examination. Results: Necropsies and
histological examinations revealed congestion and oedemata in various organs. Most of the dogs had ascites, hydrothorax or
hydropericardium, pulmonary oedema, pulmonary, renal, hepatic, and cerebral congestion, and necrosis of cardiomyocytes. Conclusion:
These results suggested disorders in blood circulation as the most probable cause of death. However, the pulmonary inflammatory response
and cerebral babesiosis observed in some of these dogs could also be considered possible causes of death. This study also showed a possible

role for renal congestion in the development of renal hypoxia and azotaemia in canine babesiosis.
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Introduction

Canine babesiosis is a disease caused by protozoan
parasites of the genus Babesia. The disease results from
the infection of dogs with species such as Babesia canis,
B. vogeli, B. rossi, B. gibsoni, B. conradae, B. vulpes,
and at least one unnamed large Babesia species (19). The
infection may lead to injury of many internal organs and
may result in systemic inflammatory response syndrome
and multiple organ dysfunction syndrome. The disease
is considered to be protozoan sepsis (21). There are
several studies on the histological changes observed in
the internal organs of affected dogs. However, only
a few of them present results from dogs infected
specifically with B. canis, and the results of most of
these works are based on single case reports or a low
number of examinations of dogs (1, 4, 11, 29, 30). The
aim of this study was to investigate post-mortem
pathological changes observed in dogs infected with
B. canis to establish the probable cause of death of the
affected dogs.

Material and Methods

Cadavers of six dogs of various breeds (three males
and three females, 4 months to 8 years old), which
had been naturally infected with B. canis, hospitalised
in two veterinary clinics and treated with imidocarb
dipropionate before their deaths, were collected from
March 2013 to May 2017. During this time the authors
diagnosed 272 cases of canine babesiosis. Among
them, 17 dogs did not survive the disease. The owners
of 11 of them did not agree to post-mortem examinations
being performed, but those of six did give their consent.
These six canine babesiosis fatalities were the dogs
investigated. Depending on the clinical status, the
treatment of the dogs had also included intravenous
fluids, furosemide, dopamine, dexamethasone, dextrose,
and oxygen inhalation. Moreover, one dog with epileptic
seizures had also been treated with diazepam, pentobarbital,
and mannitol. Diagnosis of the infection was based on
blood smear examination and confirmed by the PCR
technique described in detail by Zygner et al. (44).
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Determination that the infection was not Anaplasma
phagocytophilum (the second most prevalent tick-borne
canine pathogen in Poland) was based on the results of
the PCR method described in a previous study (36, 40).
The duration of the disease before any treatment
was between 1 and 3 days (Table 1). According to
the information provided by the owners of the dogs,
no signs of any disease had been observed
before babesiosis. Blood samples were collected from all
of the six dogs before treatment. Biochemical
parameters such as alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) activities and urea, creatinine,
glucose, total bilirubin, total protein, and albumin
concentrations were determined in serum samples
using a clinical chemistry analyser (XL 640, Erba
Mannheim, Germany). Complete blood counts were
determined in blood samples with anticoagulant
(ethylenediamine tetraacetic acid) using a haematological
analyser (Abacus, Diatron, Budapest, Hungary). All six
dogs died within 1 to 2 days of hospitalisation and none
was euthanised. After death, the bodies of the dogs
were kept at 4°C until necropsy, which was undertaken
within 6 to 24 hours. Samples of the brain, cardiac
muscle, lungs, kidneys, liver, pancreas, spleen,
stomach, small intestines, and mesenteric lymph nodes
were collected for histological examination. Tissue
samples were fixed in 10% formalin, embedded in
paraffin, sectioned to 5 pm, and stained with
haematoxylin and eosin (routine morphological
staining), by Masson’s technique (for visualisation
of the connective tissue), and by Perls’ technique (for
demonstration of ferric iron salts).

Results

All six studied dogs required hospitalisation when
brought to the clinics. Determination of serum
biochemical parameters and complete blood counts
showed renal involvement, hepatopathy and anaemia
(Table 1). In one dog (No. IV) epileptic seizures
were the main clinical sign that suggested cerebral
babesiosis.

In three dogs, the mucosal membranes were
changed: two had yellow mucosal membranes (Nos II
and VI), and one had cyanosis of this tissue (No. I). In
three dogs, (Nos III, V, and VI) ascites and hydrothorax
were observed.

Lungs. Pulmonary oedema and congestion were
observed in all the dogs (Fig. 1). Histological
examination of the lungs also showed emphysema in
four dogs, interstitial inflammation in three, subpleural
fibrosis in three and the presence of thrombi in one
animal. Moreover, the presence of siderophages was
observed in four dogs, atelectasis in one and anthracosis
in three.

Heart. All six necropsies showed cardiac
pathology. Hydropericardium was observed in three

dogs (Fig. 2), hypertrophy of the left ventricle wall in
two, endocardiosis of the bicuspid valve in three, clots
in the left ventricle in two, subepicardial extravasations
in the wall of the left ventricle in one animal, and
dilatation of the right ventricle in one of the subjects.
Histological examination showed multifocal necrosis of
cardiomyocytes in all six dogs (Fig. 2). Mononuclear
cell infiltration was observed in two dogs, hyperaemia
and extravasations were observed in two, and multifocal
fibrosis was observed once.

Kidneys. Biochemical examination during the first
visit to the clinics showed renal involvement in five out
of six dogs (No. VI being the unaffected patient).
However, in dog No. VI, azotaemia developed within
12 hours of admission to the clinic. On gross examination,
the kidneys of five dogs were congested (Fig. 2). The
presence of dark brown urine was observed in the urine
bladder of one dog (No. III), and petechiae in the bladder
of another (No. V). Histological examination of the
kidneys of the dogs showed necrosis of the tubule cells
in all cases (Fig. 2), interstitial inflammation in three
cases, the presence of haemoglobin in the lumen of the
tubules in two dogs (Nos I and III), presence of
haemoglobin in the tubule cells in three (Nos I, II, and
VI), proteinuria in five, congestion and focal
extravasations in four animals, and glomeruli necrosis in
one (No. I). Dog No. VI also had renal fibrosis and cysts
(as a result of chronic inflammation), and erythrocytic
casts were present in the lumen of the tubules.

Liver. The necropsies showed ubiquitous liver
pathology. Lipid degeneration was observed in four
livers, congestion in three, nutmeg liver in two dogs, and
concentrated (almost solid) bile in the gallbladder in one
dog (Fig. 3). Icterus was visible in two cadavers.
Histological examination showed lipid degeneration of
hepatocytes in all samples, necrosis of hepatocytes in
four of them, congestion in four, presence of bile
pigment in hepatocytes in three, infiltration of
mononuclear cells in two, fibrosis around the portal triad
in four, and cholestasis and the presence of siderophages
in one liver section (Fig. 3).

Pancreas. In three dogs, necropsy and histological
examination showed congestion (Fig. 3), and in one dog
histological examination showed hypertrophy of the
connective tissues.

Stomach, small intestine, and mesenteric lymph
nodes. In four instances, petechiae were observed in the
mucosal membranes of the small intestine and/or the
stomach (Fig. 3). One dog was infected with Toxocara
canis. Histological examination revealed one case of
chronic inflammation of the small intestine. Congestion
of mesenteric lymph nodes was observed in three
necropsies and histological examinations (Fig. 4).

Spleen. Splenomegaly and hyperaemia of the
spleen was observed without exceptions. Histological
examination also revealed atrophy of the lymphoid
follicles in three dogs (Nos II, V, and VI), and the
presence of siderophages in the same number of dogs
(Nos I, I1, and VI).
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Table 1. Results of clinical examination, serum biochemical changes and haematological changes observed in six dogs infected with B. canis
during the first visit to the clinic

Dog s Basic serum biochemical Basic . .. .
Description haematological Clinical signs
No. changes
changes
I Border collie, M, ALT 64, AST 206, ALP 153, RBC 5.97, Hb 8.76, Apathy, anorexia, diarrthoea, dehydration, pale
lyold T. Bil. 1.24, -Glu. 97, Creat. Ht 0.39, WBC 3.40, mucosal membranes, normal body temperature, dark
2.1, Urea 204, T. Prot. 63, Plt48 brown urine, DD 2 days
Alb. 26
11 Mixed breed, F, ALT 127, AST 618, ALP 790, RBC 3.07, Hb 8.53, Apathy, anorexia, diarrhoea, vomiting, dehydration,
8 yold T. Bil. 6.25, Glu. 156, Creat. Ht 0.20, WBC 29.8, pale and yellow mucosal membranes, normal body
14.2, Urea 393, T. Prot 54, PIt 152 temperature, oliguria (yellow urine), DD 3 days
Alb. 25
I Mixed breed, M, ALT 46, AST 117, ALP 124, RBC 1.54, Hb 2.18, Apathy, anorexia, diarrhoea, vomiting, dehydration,
4 mold T. Bil. 1,14, Glu. 72, Creat. Ht 0.09, WBC 9.14, pale mucosal membranes, tachycardia, hyperventilation,
3.8, Urea 331, T. Prot. 41, Plt7 vocalisation, normal body temperature, oliguria (dark
Alb. 20 brown urine), DD 1 day
v St. Bernard, F, ALT 49, AST 273, ALP 119, RBC 6.56, Hb 9.56, Apathy, anorexia, diarrhoea, epileptic seizures,
7 yold T. Bil. 0.9, Glu. 195, Creat. Ht 0.42, WBC 6.7, menace deficit and lack of PLRs in both eyes,
5.1, Urea 264, T. Prot. 58, Plt41 tachycardia, hyperventilation, congestion of mucosal
Alb. 26 membranes, fever (40.2°C), haematuria, DD 2 days
A% American ALT 200, AST 103, ALP RBC 4.34, Hb 5.59, Apathy, anorexia, vomiting, dehydration, yellow
Staffordshire 1408, T. Bil. 8.7, Glu. 103, Ht 0.30, WBC 11.0, mucosal membranes, fever (39.5°C), oliguria (dark
terrier, M, Creat. 3.8, Urea 277, T. Prot. 69,  Plt 133 brown urine), DD 3 days
7 yold Alb. 30,
VI Siberian husky, F, ALT 61, AST 116, ALP 198, RBC 4.09, Hb 6.16, Apathy, anorexia, pale mucosal membranes, fever
7 mold T. Bil. 1.41, Glu. 105, Creat. Ht 0.27, WBC 4.1, (40.0°C), dark brown urine, DD 1 day
1.0, Urea 39, T. Prot. 55, PIt32
Alb. 26

M — male; F — female; m — months; y — years; ALT — alanine aminotransferase (reference interval 3—60 U/L); AST — aspartate aminotransferase
(reference interval 1-45 U/L); ALP — alkaline phosphatase (reference interval 20-155 U/L); T. Bil. — total bilirubin (reference interval
0.3-0.9 mg/dL); Glu — glucose (reference interval 70—120 mg/dL); Creat. — creatinine (reference interval 0.8—1.7 mg/dL); Urea (reference interval
20-45 mg/dL); T. Prot. — total protein (reference interval 55-75 g/L); Alb. — albumin (reference interval 29-43 g/L); RBC — red blood cells
(reference interval 5.5-8.0 T/L); Hb — haemoglobin (reference interval 7.45—11.17 mmol/L); Ht — haematocrit (reference interval 0.37-0.55 L/L);
WBC — white blood cells (reference interval 6.0-12.0); Plt — platelets (reference interval 200-580 G/L); DD — duration of the disease (according
to the owner of the dog) before the first visit to the clinic; PLRs — pupillary light reflexes

Fig. 1. Pulmonary changes in dogs infected with B. canis

A — Foamy exudate in the trachea of dog No. II; B — Pulmonary oedema in dog No. II; C — Pulmonary congestion and
foci of emphysema in dog No. IV; D — Microphotograph of pulmonary oedema in dog No. VI, visible oedema fluid
filling alveoli and dilatation of blood vessels (haematoxylin and eosin staining)
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Fig. 2. Cardiac and renal changes in dogs infected with B. canis

A — Hydropericardium observed in dog No. II; B — Necrosis of the myocardium, visible fragmentation of cardiomyocytes
and inflammatory infiltration in dog No. VI (haematoxylin and eosin staining); C — Congested right kidney of dog
No. IV; D — Congestion of renal cortex and tubular necrosis in dog No. I (haematoxylin and eosin staining)

Fig. 3. Changes in the alimentary system in dogs infected with B. canis

A — Congestion and lipid degeneration of the liver with almost solid bile in the gallbladder in dog No. II; B — Microphotograph
of liver congestion and lipid degeneration of hepatocytes in dog No. I (haematoxylin and eosin staining); C — Petechiae
in the mucosal membrane of duodenum in dog No. IV; D — Congestion of the pancreas in dog No. IV
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Fig. 4. Changes in the mesenteric lymph nodes and the brain in dogs infected with B. canis

A — Congestion of the mesenteric lymph node in dog No. IV; B — Congestion of the brain and brain meninges in dog
No. IV; C — Microphotograph of the brain, visible neuronal degeneration and necrosis, and neuronophagia in dog No. I
(haematoxylin and eosin staining); D — Microphotograph of the brain, visible brain oedema and sequestration of B. canis-
infected red blood cells in cerebral capillary vessels in dog No. IV (haematoxylin and eosin staining)

Brain. Necropsies revealed congestion of the brain
on two occasions and congestion of the meninges in four
cases (Fig. 4). Histological examination of the brain
showed congestion in five dogs and oedema in all six
dogs. Moreover, focal extravasations were observed in
four brain samples, neuronal necrosis and degeneration
was observed in all of them, microglia proliferation in
two, and neutrophil infiltrations in one (Fig. 4).
Merozoites and trophozoites of B. canis inside red blood
cells were detected in the capillary vessels of the brain
of dog No. IV (Fig. 4).

Discussion

It seems obvious that all dogs included in this study
had acute severe complicated babesiosis, which caused
death in a short time, and most of the pathologies
observed in these animals resulted from such a course of
the disease. It was shown in previous studies that
babesiosis of this form resulted mainly from
overproduction of pro-inflammatory cytokines and was
associated with high mortality (16, 25, 42, 43). Some
changes and chronic progressing pathologies, such as
pulmonary anthracosis, fibrosis, hypertrophy of the wall
of the left ventricle, endocardiosis of the bicuspid valve,
nutmeg liver, or chronic renal interstitial inflammation
did not result from the infection. However, these changes

might have an influence on the course of babesiosis and its
outcome in dogs with these pathologies.

Pulmonary oedema and congestion were observed
in all dogs. In canine babesiosis, pulmonary oedema may
result from disseminated intravascular coagulation
(DIC), overproduction of pro-inflammatory cytokines
such as IL-6 and TNF-a, and damage of type I
pneumocytes by free radicals (16, 28, 35, 42, 43). These
factors lead to the noncardiogenic permeability type of
pulmonary oedema, which occurs in acute respiratory
distress syndrome (ARDS) as previously observed in
canine babesiosis (11, 14, 28). Acute pancreatitis, which
was described in a previous study on canine babesiosis,
may also trigger ARDS (28, 32). Moreover, in dog
No. IV epileptic seizures might have led to the
development of neurogenic pulmonary oedema caused
by rapid systemic hypertension (6). On the other hand,
the cardiac pathology and hypoalbuminaemia observed
in dogs in this study might influence the development of
the usually cardiogenic hydrostatic type of pulmonary
oedema (12, 28). The presence of siderophages in the
lungs of four dogs in this study may confirm the
congestion of this organ. This suggests cardiac involvement
in the development of pulmonary oedema (28).
Cardiogenic pulmonary disorders in these dogs can also
be confirmed by the presence of hydrothorax in three
dogs, and multifocal necrosis of cardiomyocytes and
other cardiac pathologies observed in all six dogs.
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Similar changes were also previously observed in
dogs infected with Babesia rossi (12). According to
Dvir et al. (12), these myocardial changes in canine
babesiosis may result from hypoxia, inflammation and
DIC. Although cardiac disorders seemed to have little
clinical significance in most cases of dogs infected with
B. canis in a previous study, in fatal cases cardiac and
vascular disorders may have had a key influence on the
course of the disease (3).

In this study pneumonitis was observed in three
dogs, and was probably associated with ARDS, in which
overproduction of proinflammatory cytokines causes
release of cytotoxic enzymes and free radicals from
pulmonary neutrophils, leading to injury of endothelial
cells. Moreover, DIC might also have had an influence
on the development of interstitial pneumonia in these
dogs. This pathology might have led to the development
of pulmonary oedema in these cases (11, 16,28, 35). The
emphysema observed in four animals and atelectasis in
one might have resulted from inflammation or from
these dogs’ other earlier diseases.

Tubular necrosis was ubiquitous. This pathology
was also observed in previous studies on histological
lesions in the kidneys of dogs infected with B. canis in
Hungary and in one dog infected with an unnamed large
Babesia species (according to the authors, probably
B. canis) in France (11, 29). However, in the study from
Hungary, like in a previous study on dogs infected with
the less pathogenic species B. vogeli from Australia, the
main changes that were observed in renal tubules were
degenerations (20, 29). In two other works on B. canis-
infected dogs no tubular changes were detected (1, 4).
In this study, the presence of haemoglobin in the tubule
cells was observed in three samples and the presence of
haemoglobin in renal tubules was detected in two.
Haemoglobin itself is not considered nephrotoxic (33).
Lobetti et al. (27) showed that haemoglobinaemia in
dogs infected with B. rossi did not induce significant
nephropathy. Notwithstanding this, free haemoglobin in
the glomerular filtrate and haemoglobinuria are
considered factors that may exacerbate tubular necrosis
in hypoxic kidneys (33).

Both tubular degenerative changes and necrosis of
tubular cells result from renal hypoxia (33). Tubular
necrosis in all six dogs suggests that tubular changes
could be more advanced and severe in the dogs in this
study than in the dogs in the previous study from
Hungary, where canine babesiosis was also caused by
B. canis. Yet, it is also possible that babesiosis in the
Hungarian study may have been caused by a less
pathogenic strain of this species of parasite. In this study,
tubular changes probably resulted from decreased renal
blood flow, which may be associated with decreased
cardiac output (10). This seems to result from cardiac
pathologies in canine babesiosis (12). It has been shown
in humans that decreased intraoperative arterial blood
pressure may also have an influence on renal blood flow
and acute kidney injury (38), and a previous study on
canine babesiosis showed an association between

arterial hypotension and renal azotaemia (42). Thus,
hypotension should have an influence on renal
ischaemia, hypoxia, and the development of acute renal
failure (41). However, this study showed no renal
ischaemia, as the kidneys of five out of six dogs in this
study were congested. Renal congestion is associated
with heart failure and increased central venous pressure,
and thus is also a cause of decreased renal blood flow
and further renal hypoxia (37). Renal congestion in this
study is consistent with an increased renal resistive index
in dogs infected with B. canis, which was observed in
a previous study on abdominal ultrasonographic
findings in canine babesiosis (15). Shimada et al. (37)
also showed in a rat model that decreased renal blood
flow in renal congestion is associated with increased
renal interstitial hydrostatic pressure leading to compression
of renal tubules and reduction of glomerular filtration
rate. Thus, it seems probable that cardiac pathologies in
canine babesiosis may cause renal congestion, and in
this way may contribute to the development of oliguria
and renal azotaemia in affected dogs. Moreover, ascites
and abdominal compartment syndrome are also
associated with decreased renal blood flow (31). In this
study, half of the dogs had ascites, and abdominal
compartment syndrome was described in a dog with
babesiosis and azotaemia in a previous work (23). Thus,
it cannot be excluded that the ascites observed in this
study also contributed to decreased renal blood flow
caused by increased abdominal pressure.

Liver changes were mainly associated with
congestion and lipid accumulation. Chronic congestion
leading to nutmeg liver was not associated with
babesiosis. The congestion of the liver and the resulting
consequences (hypoxic injury leading to atrophy,
necrosis and fibrosis) observed in three dogs might
nevertheless have resulted from cardiac disorders.
Hypoxia of the liver in canine babesiosis may also be
exacerbated by anaemia (8). Habela ef al. (18) observed
similar changes in sheep infected with B. ovis, and
described them as centrilobular necrotic hepatitis. The
lipid degeneration manifested as a common liver
pathology and observed in this study might result from
nutritional factors (fatty food) before the dogs contracted
babesiosis. Yet, it cannot be excluded that hypoxia
caused by congestion of the liver and anaemia might also
have contributed to the degenerative changes in this
organ (8). The jaundice observed in two dogs in this
study might have resulted from both liver injury and
haemolytic anaemia. However, according to Jacobson
and Clark (22), icterus in dogs with babesiosis is not
associated with haemolytic anaemia, but results from
hypoxic or anoxic damage of the liver and impaired
transfer of conjugated bilirubin between hepatocytes and
bile canaliculi. In this study, only total bilirubin was
determined, so it was not possible to recognise the cause
of hyperbilirubinaemia. In previous studies on canine
babesiosis, this pathology was associated with the
complicated form of the disease (21, 30). In dogs
infected with B. rossi, icterus was also associated with
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pancreatitis (21). However, in this study there was no
evidence of pancreatitis in any of the dogs. In three out
of six animals, congestion of the pancreas was observed.
In humans, congestive changes of the pancreas may
result from liver cirrhosis or portal hypertension (24).
Among other causes, increased vascular resistance in
portal circulation may result from splenomegaly, in
which case the cause is prehepatic, or from right heart
failure with a post-hepatic cause. Moreover, portal
hypertension may be exacerbated by increased
abdominal pressure and may be associated with ascites
(7). It seems possible that in canine babesiosis, both
splenomegaly and cardiac pathologies may contribute
to the development of portal hypertension. Abdominal
compartment syndrome may also bring about
an intensification of this pathology which leads to
congestion of the pancreas. A common and rapid post-
mortem change, the autolysis of the pancreas probably
developed after the deaths of the two dogs in which it
was observed (8).

The presence of petechiae in the mucosal
membranes of the stomach and small intestine might
result from thrombocytopenia, which was observed in
previous studies on canine babesiosis and according to
some authors may result from DIC (35). However, no
thrombi were observed in histological examinations of
the stomach and intestinal wall, nor were haemorrhages
observed in the studied dogs, and these results are
consistent with the results of a previous study on
thrombocytopenia in canine babesiosis (17). Another
explanation for this observation may be local endothelial
dysfunction or injury caused by sequestration of infected
red blood cells in capillary vessels, blocked
microcirculation and local increased concentration
of pro-inflammatory cytokines (2). Congestion of
mesenteric lymph nodes was observed in three dogs in
this study. Similar changes were also detected in feline
babesiosis caused by B. lengau and bovine babesiosis
caused by B. bovis (5, 34). A possible explanation for
this phenomenon is local activation of Hageman factor
(coagulation factor XII), which has been shown to be
able to cause lymph node congestion in rats in
an experimental study (9). Thus, this result may confirm
the possible development of coagulation disorders in
canine babesiosis.

Splenomegaly is one of the most common
pathologies observed in canine babesiosis, and this
pathology is considered to be associated with haemolytic
anaemia and thrombocytopenia (15, 30).

Cerebral babesiosis has been previously described
in affected animals including dogs, cats, and cattle (1, 5,
11, 21, 34). In this study, gross examination revealed
cerebral changes (congestion of the brain and/or
meninges) in five dogs, and histological examination
revealed changes (congestion, extravasations, oedema,
neuronal degeneration and necrosis) in the brains of all
six dogs. However, only one dog (No. IV) had
neurological signs, and histological examination
revealed Babesia-infected red blood cells sequestrated

in the brain capillary vessels only in this dog. However,
we cannot exclude that the vocalisation by dog No. III
could have been a neurological sign.

A previous study on human cerebral malaria
(a protozoan disease similar to babesiosis) showed
an association between sequestration of Plasmodium
falciparum-infected red blood cells in the brain capillary
vessels and microvascular congestion and coma in
patients with malaria (26). Thus, it seems probable
that sequestration of parasitised red blood cells in the
brain capillary vessels may be an explanation for the
observed ante-mortem neurological signs in dog No. IV.
Contradictingly, in one previous case report on cerebral
babesiosis, parasites were not detected in the brain
microvessels of the affected dog although, the genetic
material of the parasite was isolated from the dog’s brain (1).
On the other hand, in some Babesia-infected dogs with
marked sequestration of red blood cells in the brain
microvessels, no neurological signs were observed
before death (21). Thus, it seems that it is not only
sequestration of parasitised red blood cells and obstructions
in cerebral microcirculation that have an influence on the
development of neurological signs in affected dogs. In
most dogs with cerebral babesiosis and a cat infected
with B. lengau, congestion of the grey matter was
observed, and histological examination revealed
endothelial injuries and haemorrhages (5, 11, 21, 26).
Inflammatory infiltrations were observed only in
association with endothelial injury and protozoan
parasites in microvessels in dogs infected with B. rossi (21).
Similarly, in this study neutrophil infiltrations were
observed only in the dog with parasitised red blood cells
in the brain microvasculature. In opposition to this
study’s findings, in a South African form of canine
babesiosis neuronal changes were minimal, and
according to Jacobson (21) brain lesions did not result
from hypoxia. This study showed degenerative and
necrotic neuronal changes typical for hypoxic injury in
all six dogs, but these changes in canine babesiosis,
probably resulting from decreased capillary blood flow,
did not manifest clinically as the cerebral form of the
disease. Thus, it seems probable that the presence of the
parasite and its sequestration in the brain capillary vessels,
rather than blood stasis in the cerebral microvasculature
and hypoxia, is key to the development of cerebral
babesiosis. This is consistent with the pathogenesis of
human cerebral malaria (13). In this study, the presence
of the parasite inside red blood cells in capillary vessels
despite antiparasitic treatment probably resulted from
the parasite being drug resistant (39).

The main pathological changes in the infected dogs
were associated with disorders in blood circulation. The
oedemata and congestion of various organs observed in
necropsies of these dogs suggested disorders in
circulation as the most probable cause of death. It seems
probable that cardiac pathology, coagulation disorders,
overproduction of pro-inflammatory cytokines and
septic shock described previously in canine babesiosis
might contribute to the development of disorders in
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circulation. It cannot be excluded that in the three dogs
with pneumonitis, pro-inflammatory cytokines were
coagents in the development of pulmonary insufficiency,
which could also have led to death. In the dog with
sequestrated parasitised red blood cells in the
microvasculature of the brain, the fatal outcome may
have been through cerebral babesiosis. However, in this
dog congestion of various organs and pulmonary
oedema also suggests disorders in the blood circulation
as a possible cause of death.
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