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1 Abstract

This study investigated complete blood count (CBC) parameters as diagnostic indicators of
Babesia gibsoni infection in dogs. CBC data from 61 fighting dogs in Hungary (28 B. gibsoni-
positive, 33 controls) were analysed retrospectively. The results revealed significant haemato-
logical alterations in infected dogs, most notably marked regenerative anaemia with reduced red
blood cell count, haemoglobin, and packed cell volume, often with macrocytic, hypochromic
changes. Platelet analysis demonstrated significant reductions in absolute platelet counts and
increased mean platelet volume, suggestive of heightened platelet turnover and regenerative
thrombocytopenia in most cases. Leukocytosis occurred in nearly 40% of cases, reflecting vari-
able white cell responses. The study underscores the diagnostic value of detailed CBC analysis
and the need for further studies linking haematological, clinical, and immunological data to en-

hance babesiosis diagnosis and management.

2 Absztrakt

Ez a tanulmany a teljes vérkép (CBC) paramétereket vizsgalta a kutydk Babesia gibsoni
fert6zésének diagnosztikai indikatoraként. 61 magyarorszagi harci kutya (28 B. gibsoni-pozitiv,
33 kontroll) CBC adatait elemezték retrospektiven. Az eredmények jelentds hematoldgiai
elvaltozasokat mutattak ki a fertdzott kutydkban, leginkdbb a kifejezett regenerativ anémiat
csOkkent vorosvérsejtszammal, hemoglobinnal és hematokrittel, gyakran makrocitds, hipokrom
elvaltozasokkal. A vérlemezke-elemzés az abszolut vérlemezkeszam jelentSs csokkenését és az
atlagos vérlemezke-térfogat novekedését mutatta ki, ami a legtobb esetben fokozott vérlemezke-
forgalomra és regenerativ trombocitopénidra utal. Leukocitozis az esetek kozel 40%-aban for-
dult el6, ami véltoz6 fehérvérsejt-valaszokat tiikkroz. A tanulmany kiemeli a részletes CBC-
elemzés diagnosztikai értékét, valamint a tovabbi vizsgdlatok sziikségességét, amelyek
Osszekapcsoljak a hematoldgiai, klinikai €s immunoldgiai adatokat a babesiosis diagndzisanak

€s kezelésének javitdsa érdekében.
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3 Introduction

The genus Babesia comprises numerous species of intracellular haemoprotozoal parasites within
the order Piroplasmida, capable of affecting a wide variety of hosts. Its significant economic
impact on livestock and wildlife, as well as zoonotic potential, has made it a subject of extensive
study [1, 2]. Given the scope of available information, one can easily lose themselves in the
complexity of the subject. Therefore the author will limit the scope of this writing where possible

to that of canine babesiosis, specifically caused by Babesia gibsoni within Europe.

The inciting incident for this is the diagnosis of several dozen cases of B. gibsoni amongst a
group of dogs repossessed by authorities in Hungary in 2020 in relation to dog fighting activ-
ities. B. gibsoni remains relatively uncommon in Europe compared to other regions, however
factors such as climate change and advances in molecular diagnostics suggest its prevalence and
geographic range may be expanding. Due to limited published data, the exact scale of B. gib-
soni’s spread in Europe remains uncertain [3]. However, multiple case reports, particularly in

Eastern Europe, give the impression that B. gibsoni is emergent in the region [4, 5].

As with every infectious pathogen, delayed or inaccurate diagnosis increases the risk of its
spreading. Veterinarians are at the forefront of keeping such risks at bay, but many will subscribe
to the aphorism: “If you hear hoofbeats, think horses...”. B. gibsoni may well be a zebra in
Europe, but unlike the striped Equid, it is possible that B. gibsoni is therefore easily overlooked,

allowing the pathogen to proliferate in the shadow of ignorance.

Having a more thorough understanding of B. gibsoni in canines may help prevent or at least limit
such events. Analysis of the blood work of the aforementioned infected dogs may determine
certain diagnostic markers that can aid veterinarians across Europe to suspect the presence of
this less common species of Babesia. Thus, allowing for quicker identification and treatment of

said pathogens, keeping its threat at bay.



4 Literature review of Babesia gibsoni

Canine babesiosis, a tick-born infectious disease, can be attributed to several species within
the Babesia genus, a piroplasma belonging to the Apicomplexa phylum [6]. Scientists have
known since 1895 that these protozoa infect dogs, after they found a pathogen causing symptoms
similar to the newly discovered bovine babesiosis in dogs [4]. Before the onset of molecular
diagnostics, the disease was simply identified as either large or small babesiosis, based purely
on the size of the parasites under a microscope. The merozoites of the large variety Babesia
measure somewhere between 3—-5 um, whereas the small form species measure between 1.5—

3 um[7].

Once, the large Babesia classification consisted solely of Babesia canis. However, these days
it has been determined to be made up of several closely related but independent species. The
large variant grouping now includes B. vogeli and B. rossi [7]. Large Babesia, and particularly
B. canis, not only exceeds its smaller counterpart in physical size, but also in prevalence around
the globe, and especially Europe [8]. However the smaller variant of Babesia is an important
protozoal group in its own right. In certain parts of the world, particularly Asia where multiple
vectors for the disease are present, it has been shown to have a significant impact on the dog

population [9].

The pathogen, determined since 1910 to be a distinct species from B. canis, was originally also
considered a singular species. Practically, the grouping these days consists of Babesia gibsoni,

Babesia conradae and the latest addition to the family Babesia vulpes [7, 10].

In this literature review, the author will focus on relevant material related to the small variant of
Babesia, specifically B. gibsoni in dogs, with a special interest in its current situation in Europe,
where it has been recognised as an emerging pathogen [4]. This focus will not be strictly limited
to continental or taxonomic boundaries, allowing for the inclusion of relevant material for the

sake of context as needed.



4.1 The aetiology of Babesia gibsoni and the reclassification of its subspecies

The phylogenetic understanding of the small forms of Babesia has not been without change.
Until recently all small forms were classified as subspecies of B. gibsoni (referred to as the
Asian genotype), with B. conradae and B. vulpes respectively considered the California strain

and the Spanish isolate [5, 11, 12].

This older classification is relevant to this day because it can make it harder to separate out true
instances of B. gibsoni from ones that may have been caused by the previously thought sub-
species. It is of note that their nomenclature refers to the regions where they are most common,
with B. gibsoni having a high prevalence in Asian countries, B. conradae endemic in the state of
California (USA) and B. vulpes first isolated in Spain and having a higher distribution across the
European continent. However, the species do not adhere strictly to geographical borders [13,

14].

Unless the subtype has been specifically mentioned in writing prior to reclassification of the
genus, the exact species cannot be inferred even when considering the geographical location.

For true inference of the causative agent, molecular identification remains the gold standard [15].

4.2 Prevalence of Babesia gibsoni

Meta-analysis of global canine babesiosis cases indicates that Babesia canis is the most prevalent
species worldwide. Babesia gibsoni is ranking fourth among the seven major species examined
at a pooled prevalence of approximately 8.8% (95% CI: 6.5-11.3%). The wide confidence in-
tervals for many species in this meta-analysis reflects ongoing uncertainty in exact prevalence
estimates. Moreover, global estimates do not consider intra-continental variety of the distribu-

tion of the species [8].

To address these uncertainties and allow for a more detailed examination of geographic varia-
tion, Birkenheuer et al. analysed over 100,000 canine blood samples. The samples had been
submitted to IDEXX between 2013 and 2017 for testing by Polymerase Chain Reaction (PCR)

across several regions. The complete sample yielded 3.5% positive results for canine babesiosis

7



of any species. Its findings in relation to B. gibsoni are summarised in table 1, clearly showing

a regional heterogeneity in terms of its distribution [16].

Table 1: Distribution of B. gibsoni across several regions [16]

Region # Tested / # Positive % Babesia positive % B. gibsoni positive
Northern America 67,978 / 1,009 1.5 78.8
Southern America 1,618 /57 3.5 Rare (=0)
Eastern Asia 5,665 /501 8.8 98.8
Northern Europe and 3,068 /91 3.0 28.6

British Isles

Eastern Europe 313/41 13.1 22.0
Southern Europe 2,610/ 155 5.9 Rare (=0)
Western Europe 18,030/ 1,178 6.5 Rare (=~0)

2.2.1. Prevalence in Europe

When it comes to the European continent specifically, the exact prevalence rate has been hard
to determine and is not known for many countries [17]. Whilst reference has been made to the
pathogen occurring in Europe since the 1980s, it was not until 2003 that a definite molecular
assessment was conducted on a sample from Spain, unequivocally proving that B. gibsoni can
be found in Europe [10, 15]. Since then, strides have been made to use molecular technolo-
gies to identify the emergence of B. gibsoni in parts of Europe. Case reports have emerged
from Spain, Germany, Slovakia, and Poland, indicating occurrence across Southern to Western
Europe. However, many of these reports involve isolated or small clusters of cases, often in rela-
tion to illegal dog activities, complicating efforts to accurately assess prevalence and geographic
distribution [10, 18, 19, 20].

Available prevalence data is often restricted by smaller sample sizes and a limited geographical
area. A survey of 111 outdoor dogs in Serbia showed a prevalence of 2.7% on PCR testing [21].
Blood sampling in Croatia showed a prevalence of 0.7%, and similar molecular investigations
of 607 blood samples in Italy produced a prevalence rate of 1%. This rate of approximately 1%

is suggested by most of the literature as the average prevalence across Europe [17, 22, 23].
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In contrast, Birkenheuer et al.’s larger data set shows a higher occurrence in many countries. For
example, out of 913 samples analysed from Italy, B. gibsoni was detected in 15.8% (9 of 57) of
positive cases. For Spain, where the majority of the literature is based on individual case reports,
it shows out of 1466 samples inspected, 5.3% (5 of 95) are caused by B. gibsoni. Similarly, in
Germany, out of 11,472 samples tested, thirty-one (5%) of 615 Babesia-positive cases involved
B. gibsoni. Whilst exact data is missing for many European countries, these findings suggest
that the prevalence of B. gibsoni in Europe may be higher than the 1% previously approximated

[16].

4.3 Transmission of Babesia Gibsoni

The transmission of B. gibsoni varies depending on the region. For Asia, its mode of transmis-
sion is mainly indirectly through tick-vectors. Multiple hard ticks are determined to be vectors
capable of transmitting B. gibsoni, most common in Asia are Haemaphysalis species [24].
However, routes of transmission in North America and Europe still pose questions. No indige-
nous tick vector has been definitively demonstrated to carry B. gibsoni in Northern America,
and despite the demonstrated presence of competent vectors in Europe, direct dog-to-dog trans-
mission is still considered the primary mode of transmission in both regions [24].
Rhipicephalus sanguineus, commonly known as the brown dog tick, has been shown to carry
and transmit B. gibsoni. As the name suggests its predominant host are canines. It is present
in both the USA and Europe, but no evidence for the role of R. sanguineus in the spread of B.
gibsoni has thus far been provided [25, 26, 27]. Therefore, regarding the dissemination of B.
gibsoni in Western countries, particularly considering the prevalence reported in North and East
Europe as described by Birkenheuer et al. in 2020, the role of tick vectors as a primary mode of
transmission warrants further investigation [16, 28, 29].

4.3.1 The role of Rhipicephalus sanguineus in the life cycle of B. gibsoni

Vector-borne infection with B. gibsoni occurs when a blood-feeding tick attaches to a vertebrate
host for at least 48 to 72 hours. During this period, the parasite is transmitted through tick

saliva. Transovarial transmission, where the pathogen infects the tick’s ovaries and is passed
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on to offspring, has been demonstrated for several B. gibsoni vectors [29]. However, in the
case of R. sanguineus, only transstadial transmission has been confirmed, meaning ticks acquire
the pathogen by ingesting infected red blood cells and can carry it through their developmental

stages from larva to nymph or adult but do not transfer it to their offspring [27, 28]
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Figure 1: Lifecycle of Babesia Canis, published and edited to English under Creative Commons licence [30]

In the tick’s hindgut, B. gibsoni gametocytes leave the host’s red blood cells and move to the
midgut epithelium. There they undergo several cycles of asexual multiplication (binary fission)
and developmental transformations, eventually moving to the tick’s salivary glands. When the
infected R. sanguineus tick attaches to a new host and takes a blood meal, infective sporozoites
are released from these glands into the host’s blood stream [29, 31].

Inside the vertebrate host, Babesia sporozoites directly invade red blood cells. Once within, the
parasites multiply asexually through binary fission, producing numerous daughter cells called
merozoites. During the merogony phase the number of merozoites increases exponentially.

Eventually the infected red blood cell ruptures, releasing merozoites which will invade new
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erythrocytes. This cyclic process of invasion, multiplication, and lysis causes progressive dam-
age to the host’s circulating red blood cells. Meanwhile, a subset of merozoites differentiates
into gametocytes, the sexual stage responsible for infecting the tick vector during its blood meal,

continuing the parasite’s life cycle [31].
4.3.2 Evidence for direct transmission

B. gibsoni has increasingly been reported in non-endemic countries outside of Asia, often in
relationship to dogs removed from illegal dog fighting activities. As a definite presence of the
pathogen in tick vectors has not been proven in these regions, the finding with high prevalence
in this specific subset of the dog population provides strong evidence that in non-endemic re-
gions the infections spread through direct blood-to-blood contact [3, 32, 33]. The main injuries
to dogs forced to participate in dog fighting consists of deep puncture wounds, bone fractures
and oral trauma, all of which provide ample opportunity for pathogen transmission without the
involvement of tick vectors. Combined with stress on the immune system due to both physiolog-
ical and emotional abuse, malnutrition, use of anabolic steroids and improper housing of large
groups of animals, these dogs can become highly effective reservoirs for B. gibsoni. Appropriate
veterinary care is lacking in such an environment. Ear cropping and tail docking occur regularly,
which can be a further source of iatrogenic spread through unsterile instrument and the reuse of
contaminated needles [33, 34].

Direct transmission of B. gibsoni through blood transfusion has also been documented, most
notably in the case where a 2.5 year female German Shepherd developed an infection with B.
gibsoni after receiving a blood transfusion from a seemingly healthy American Pit Bull Terrier
(APBT) donor [35]. Clinical case reports on transfusion-mediated transmission of B. gibsoni
are rare, but experimental evidence confirms that transfusion is a possible, albeit uncommon,
route of infection. This highlights the risk of potential, non-vector mediated transmission when
it comes to blood transfusion and the importance of the screening of appropriate donor dogs
[36].

Vertical transmission of B. gibsoni from dam to offspring has also been reported in the literature.
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In an experimental study, Fukumoto et al. infected a beagle with B. gibsoni, which subsequently
produced five infected puppies [37]. A more recent case reports a naturally infected APBT that
transmitted B. gibsoni to her offspring. Of the eight puppies born, five tested positive for the
pathogen by PCR at 28 days of age. Both cases confirm that vertical transmission of B. gibsoni
from dam to offspring is possible and demonstrate that the infection cycle can be perpetuated

through vertical transmission in the absence of a competent tick vector [38].

4.4 Predisposing risk factors for Babesia gibsoni

As a vector-borne haemprotozoal disease several risk factors are well recognised for canine
babesiosis. Participation in extended outdoor activities, travel to areas with higher vector pres-
ence, or inadequate ectoparasitic prophylaxis, can all increase the risk of infection [9, 39].
However in the case of B. gibsoni itself, these risk factors are not always straightforward. As-
sessment of risk factors in Hong Kong showed that the majority of dogs infected had no known
exposure to ticks and/or had been on appropriate tick prevention. It should be mentioned that
this analysis was based on clinical records which can be incomplete. Additionally, ticks are
capable of transmitting the disease in several developmental stages, some of which are hard to
detect due to their small size. Thus, these factors cannot be ruled out as contributors to increased
risk of infection [9].

Conversely, a similar study in Slovakia observed a higher incidence rate for hunting and stray
dogs compared to shelter dogs, indicating that tick exposure and potentially inadequate or lack
of prophylaxis may play a role in the transmission of B. gibsoni [19]. These findings highlight
that while known risk factors for canine babesiosis remain relevant, the epidemiology of B.
gibsoni transmission is complex and may vary regionally, underscoring the need for further
investigation.

4.4.1 Breed predisposition

Worldwide, the literature reveals a predisposition among breeds historically considered fighting
dogs, including American Pit Bull Terriers (APBT), Staffordshire Terriers, and Japanese Tosa

Inu [25, 32, 33, 40]. A serosurvey of stray and shelter dogs in North Carolina (USA) also
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showed a higher infection rate for APBT and Staffordshire terriers. Dog-to-dog transmission
through bite wounds was mentioned as a likely route of infection, accounting for the higher
prevalence in these dogs [41].

Data from countries across Europe often lack breed-specific prevalence information [21, 39].
However, when breed specific data are available, it often is based on individual case reports
in which fighting breeds, particularly the APBT are frequently overrepresented [18, 19]. For
example, a study in Romania compared the rate of infection in fighting dog breeds versus other
breeds. It showed that B. canis infections were rare in fighting breeds (0 out of 35 cases were
fighting breeds) but when it came to B. gibsoni 13 out of 14 infected dogs were from the fighting
breeds group [42]. Literature reporting on targeted examinations of seized fighting dogs, often

shows a high prevalence of B. gibsoni infection in this population [3, 33].
4.4.2 Age and sex preference for Babesia gibsoni

Whether age or sex acts as a significant risk factor for B. gibsoni remains unclear. Even less
is known about the neutering status of animals [17]. Some studies suggest a higher prevalence
in male dogs. For example, a large scale study of 1508 dogs in Hong Kong showed that out
of 85 positive cases of B. gibsoni, 59% of infections were in males [9]. Given that dog-to-
dog transmission through biting is an important route of infection, this male predominance may
reflect the over-representation of males in dog fighting activities rather than a sex predisposition
[25, 34].

Similarly, evidence regarding age risk factors is equally inconclusive. There is some evidence
that the odds of infection decrease with age. The Hong Kong study suggests that B. gibsoni is
much more likely to affect younger dogs. It posits that dogs older than 10 years were 69% less
likely to test positive for B. gibsoni than those under two years of age [9]. An Italian serosurvey
found a median age of 40.5 months (Interquartile range (IQR) = 32.2 months), whereas data
from Hungary on 86 American Staffordshire Terriers indicated a mean age of 16.6 months,
although this included thirty puppies and did not give a median age. Whilst the Italian survey

was on a more representative population, both were of a limited sample size and further data
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would need to be gathered to properly clarify an age-related risk in case of B. gibsoni [3, 23].
4.4.3 The role of co-infections

There is some evidence to suggest that infections with haemotropic Mycoplasmae, Dirofilaria
immitis, or other species of Babesia may be a risk factor as co-infections are often reported in
conjunction with B. gibsoni. Often in cases reporting co-infections, there is a background of
dogs being kept for dog fighting. It is highly possible that other environmental factors play a
role, rather than there being a direct correlation [3, 33, 43]. However, co-infection negatively
affects the prognosis. One study found out of 14 fatalities, 11 had co-infections of B. gibsoni
and B. vogeli. The other 3 fatalities were in dogs infected with B. gibsoni. No fatalities were
reported in dogs infected with B. vogeli minimising the odds that B. vogeli by itself was the

cause for the high mortality [44].

4.5 Pathogenesis of Babesia gibsoni infection

The pathogenesis of canine babesiosis shows complex haematological, immunological and bio-
chemical changes, primarily resulting from B. gibsoni’s ability to induce progressive damage to
the red blood cell population [24]. Whilst by no means conclusive, certain alterations appear
more often in diagnostic testing and may guide the veterinarians to the appropriate diagnosis.

Therefore their mechanisms are worth highlighting in more detail.
4.5.1 Haematological alterations

The invasion of erythrocytes by Babesia species causes alterations to the cell’s membrane com-
position. These modifications are thought to enhance parasite survival by evading the host
immune system and to facilitate wider dissemination within the host [45]. Mechanical injury
from haemoprotozoal replication inside the erythrocytes, combined with oxidative and immune-
mediated membrane damage, leads to both intra- and extravascular haemolysis. These processes
contribute to an often marked decrease in erythrocyte count and haemoglobin concentration.
Consequently, regenerative anaemia is frequently observed in symptomatic B. gibsoni infections

[24, 46, 47]. Additionally, morphological abnormalities, such as poikilocytosis, anisocytosis and
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polychromasia, have been documented in infected dogs [48, 49].

Increased phagocytic activity by the mononuclear phagocyte system (MPS) has been observed
in both peripheral blood and bone marrow during B. gibsoni infection, although this does not
appear to significantly influence overall monocyte count. The MPS does, however, contribute
substantially to the anaemia associated with B. gibsoni. Macrophages not only destroy infected
erythrocytes but also target non-parasitised red blood cells. It is hypothesised to be due to oxida-
tive damage from the parasitic infection also causing damage to non-parasitised cells, leading to
their destruction by the MPS [50]. The severe degree of oxidation in the host has been confirmed
in dogs naturally infected with B. gibsoni. Analysis of enzymes related to oxidative damage
such as erythocytic superoxide dismutase (SOD) and lipid peroxides (LPO) shows elevated lev-
els when comparing infected to non-infected animals [51]. Taking the significant destruction of
erythrocytes into consideration, the primary indicator to consider regarding B. gibsoni infections

are the alterations in the red blood cell parameters.

Thrombocytopenia has also been documented in many cases, although the exact mechanism
for the decreased platelet count is not yet fully understood. In babesiosis, activation of the
immune system and increased phagocytotic activity, can cause splenic hyperreactivity leading
to increased platelet sequestration and destruction [46, 52]. Furthermore, the presence of anti-
platelet autoantibodies suggest an immune mediated component that may exacerbate the loss of
platelets [40]. Further investigations are warranted to clarify these mechanisms and their clinical
implications.

Alterations in the leukocyte counts have been reported. A study of naturally occurring B. gibsoni
infections in dogs showed when compared to the control, a significant increase in both eosinophil
and neutrophil count with a concurrent decrease in circulating lymphocytes. Changes in both
monocytes and basophils in the infected dogs were deemed statistically insignificant [53]. How-
ever, these leukocyte alterations are not consistently observed. For instance, a study of beagles
experimentally infected found no significant changes in lymphocyte, monocyte, or eosinophil

counts at any infection stage [49].
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Haematological findings in B. gibsoni infection are generally non-specific. Routine complete
blood counts (CBCs) have limited value in the definite diagnosis of canine babesiosis. The
primary haematological indicator is a reduction in red blood parameters, which may occur with
concurrent alterations in the white blood cell or platelet count [49]. While routine blood work
alone is insufficient for definitive diagnosis of B. gibsoni, the presence of anaemia warrants

consideration of babesiosis on the differential diagnoses.
4.5.2 Serum biochemical alterations

Serum biochemistry is also likely to show non-specific alterations, particularly in hepatic and
renal parameters. As a result of the haemolysis, an increase in bilirubin is to be expected. Both
hyperbilirubinaemia and bilirubinuria have been documented in cases of canine babesiosis [53,
54]. The oxidative damage to erythrocytes has also been shown to have consequences for trace
elements associated with anaemia, such as zinc, iron and copper. In a study comparing healthy
dogs to naturally infected dogs, the latter all had decreased levels of these micro-elements. Re-
duced blood iron concentrations may worsen the anaemia. Additionally decreased levels of the
other trace elements may impair anti-oxidant defence of the red blood cells [51].

As a consequence of the reduction in erythrocytes, the oxygen carrying capacity of the cells
will diminish, in severe cases leading to hypoxaemia. The oxygen-haemoglobin dissociation
curve will shift to the right, meaning the red blood cells cannot hold onto oxygen as well [17].
Haemolytic processes will cause an increase in the reduction of haem to bilirubin, a process
that produces endogenous carbon monoxide (CO), ferric iron and biliverdin. CO will bind to
the circulating red blood cells, creating carboxymethaemoglobin further reducing the oxygen
carrying capacity of the blood [55].

Severe damage to the red blood cells may also account for the increase in blood urea nitrogen
(BUN). Dogs with symptomatic babesiosis are generally anorexic, making the increase unlikely
to come from a protein-rich meal [56]. Renal histopathology in these cases showed alterations in
both the cortex and medulla of the kidney, noting that parasitised RBCs often plugged the cap-

illaries [57]. Findings regarding changes in creatinine remain inconclusive, with some studies
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reporting a marked increase and others showing normal values [53, 54]. Renal influence on the
increase of BUN can therefore not completely be excluded, but more data needs to be gathered
to conclusively determine the kidney’s role in changes in these parameters.

Pathological examination of dogs deceased from Babesia showed a varying degree of liver dam-
age with vacuolisation of the hepatocytes and dilation of the sinusoids and lymphatics [57].
Stress on the liver and biliary ducts, particularly through oxidative damage from the infection,
may account for the reported increases in alkaline phosphatase (ALKP), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) [53, 54].

Alterations in the carbohydrate metabolism can also be detected in serum biochemistry. De-
creased blood glucose, in conjunction with increased lactate and pyruvate levels have been
shown to be a prognostic indicator for survival in dogs with babesiosis [52]. One study showed
these factors, particularly high lactate levels, are correlated to alterations in bilirubin, urea, cre-
atinine, ALT, pCO, and bicarbonate levels. Anorexia does not appear to be the cause of the
changes in blood glucose levels. Instead it has been suggested that the parasitaemia causes a
sepsis-like state in the host, leading to increased carbohydrate metabolism with hypoglycaemia
and stress hyperlactaemia as a consequence [58].

Changes in the level of albumin and the ratio of albumin to globulin have been documented
[53]. This is consistent with an acute infection, leading to a decrease in both haptoglobin and
albumin with a concurrent increase in beta and gamma globulins [47]. Changes in C-reactive
protein (CRP), an acute phase protein used to identify systemic inflammation in dogs, has also
been shown to increase in the acute stage of B. gibsoni infection. However it is not known how
chronic babesiosis affects CRP concentration, and as a biomarker it may only be of value in the

diagnosis of acute babesiosis [49].
4.5.3 Immunological alterations

The host immune system is activated when B. gibsoni invades, leading to both an innate and
acquired response. During acute infection with Babesia species, a timely innate response is

crucial. Inflammatory mediators including nitric oxide (NO), interleukin-12 (IL-12) and tumour
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necrosis factor-alpha (TNF-o) play a vital role in limiting parasitaemia and lysis of the infected
erythrocytes. IL-4 and IL-10 play a role in restricting these inflammatory pathways [31]. Sev-
eral studies have shown increased phagocytic activity from macrophages in case of parasitosis
due to canine babesiosis. Particularly strong evidence is provided by one study which com-
pared macrophage phagocytic activity in case of babesiosis with haemolysis induced by onion
toxicity as a control. It showed a marked increase in activity in case of haemolysis from acute
parasitaemia, but no such reaction in case of onion induced haemolysis [50]

The adaptive immunity plays a stronger role during chronic infection. Antibodies against B. gib-
soni typically appear 7 days after infection and can persist for months [31]. Several mechanisms
that modulate the humoral response have been identified. For instance, B. gibsoni heat shock
protein 70 (BgHSP-70) has been shown to stimulate Th1-response which, in turn, will promote
production interferon-gamma (IFN-7), an inflammatory cytokine helping to induce protective
IgG antibody titres in the host [59]. Several of B. gibsoni’s surface antigens such as BgGPI47-
WH, Bg12D3 and BgAMA1 have been identified as possible targets for detection and vaccine
therapy due to their ability to induce a powerful antibody response [60, 61].

However, B. gibsoni can modify the host immune response leading to immune suppression and
subsequent persistent infections. Lymphocyte blastogenesis is depressed in case of B. gibsoni
infection, leading to decreased antibody production [62]. Activation of IL-10 by regulatory
lymphocytes, which plays a role in regulating excessive inflammatory responses, also underlies

chronic babesiosis if activated too early lowering the immune reaction [31].

4.6 Clinical manifestation of Babesia gibsoni

Clinical manifestation of B. gibsoni can present with a broad range of symptoms, but severity
appears related to both the degree of peripheral parasitaemia and the immune status of the host
[62, 63]. The pathogenicity in itself varies widely from frequent subclinical cases, where dogs
are merely carriers, to reports of fatal outcomes from B. gibsoni infection [3, 24].

The terms “uncomplicated” and “complicated” have been put forward to classify the clinical

manifestations of canine babesiosis, in order to distinguish common disease presentations from
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more individualised cases with severe systemic involvement. This terminology is loosely based
on similar classifications for Theileria infections, a related group of tick-borne haemoprotozoa
which can cause malaria and helps clarify the spectrum of disease seen in Babesia infections
[64].

4.6.1 Uncomplicated babesiosis

Uncomplicated babesiosis refers to cases where the clinical presentation can be largely attributed
to the consequences of haemolysis caused by the parasitic infection [64]. As suggested by
the pathogenesis, regenerative anaemia is a common diagnostic finding. Clinically this may
manifest with non-specific signs such as lethargy, pale gums, pulse alterations, depression and
pyrexia. The occurrence and severity of jaundice varies in the literature, but mainly occur in
cases with severe anaemia [53, 65]. Whilst these dogs may suffer from severe life-threatening
anaemia, with some cases reporting a PCV of less than 5%, these would without further com-
plications still be classified as "uncomplicated” [64].

Acute cases present a wider variety of clinical signs compared to chronic ones, where mainly
inappetence, lethargy and rarely pyrexia and generalised stiffness are reported [65]. For acute
cases, over half of the patients were reported to suffer from hyporexia, fever and depression.
Splenomegaly and occasionally hepatomegaly were also reported. Gastrointestinal signs such
as dehydration, nausea and vomiting were present in a minority of cases, occurring in about 10 to
30% of infected dog [53, 63, 65]. Compared to other parasitic species causing canine babesiosis,
B. gibsoni infections usually present with milder clinical signs and less severe outcomes [52].
4.6.2 Complicated babesiosis

Babesiosis is considered complicated when it transitions to severe systemic inflammatory re-
sponses, potentially affecting a wide array of organ systems [64]. In these cases, the simple
anaemia may progress to immune-mediated haemolytic anaemia (IMHA), in which the immune
system indeterminately lyses the red blood cell population. Furthermore severe inflammatory
cytokine reaction may lead to multiple organ dysfunction syndrome (MODS). Many individ-

ual case reports can be found in the literature, all with relatively high mortality comparatively,
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highlighting the challenges in treating complicated babesiosis [65].

As complicated babesiosis can affect multiple organ systems, the clinical presentation can like-
wise vary widely. Analysis of the anamnesis of 16 dogs naturally infected with B. gibsoni by
Bilwal et al. showed that five dogs (31.2%) presented with neurological signs such as epilepsy
and ataxia. Cardiac signs occurred in ten (62.5%) cases, reporting arrhythmia and pulse alter-
ations [53]. However, this may be a consequence of simple anaemia causing turbulence and
subsequent cardiac alterations, but there are other reports of cardiac and respiratory dysfunction

leading to pulmonary oedema and acute respiratory distress syndrome (ARDS) [52].

Hepatomegaly, often combined with splenomegaly, is frequently reported in ultrasound exami-
nation of dogs suffering from both uncomplicated and complicated babesiosis [52]. Ascites is
rare, but has been reported in relation to B. gibsoni, although the mechanism hasn’t been fully

elucidated [66, 67].

More commonly reported as complications in case of canine babesiosis are pancreatitis and kid-
ney injury. However, retrospective analysis of B. gibsoni patients showed it was a relatively
uncommon occurrence compared to other species of canine babesiosis such as Babesia rossi.
Pancreatitis often occurs in conjunction with hepatopathy, which often does not progress be-
yond a mild complication. However, if acute pancreatitis is present it increases the odds of
an unfavourable outcome, particularly when combined with complication in other vital organ
systems [52, 68].

Acute kidney injury (AKI) as a consequence of B. gibsoni is also reported in case literature.
In case of a strong immune reaction, immune complexes can deposit in the kidney leading to
glomerulonephritis. Exacerbating the injury is the hypoxic damage due to anaemia and possible
haemoglobinuria furthering the renal insufficiency [52]. Complicated cases appear highly indi-
vidualised and most of the literature refers to independent instances. However, with appropriate
management most of these cases resolve as the B. gibsoni is treated. The exception is AKI
when associated with the red biliary form of babesiosis, which is hallmarked by paradoxical

haemconcentration (PCV>47%) due to severe inflammation and has poor prognosis [52, 56].
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4.7 Diagnostic approaches to Babesia gibsoni

As only transstadial transmission in the tick vector within Europe has been determined, early
and effective detection can have a notable effect on controlling the spread of B. gibsoni in the
environment, as well as the disease in the host. Traditionally, babesiosis was diagnosed on
basis of Giemsa-stained blood smears. Babesia can be difficult to detect using this method,
but suspicion as to which species you are looking for can positively affect the outcome. For
example, the odds of finding B. canis improve when sampling capillary blood. The larger species
can adhere to the vascular endothelium and as a consequence is found in much higher ratio in
capillary blood compared to B. gibsoni, which requires sampling from peripheral veins [69].
The microscopic size of the parasites and the often low levels of parasitaemia can present ob-
stacles. Even the larger Babesia species can be difficult to detect using histological staining
methods. However, the smaller size of B. gibsoni increases the risk of it being overlooked sig-
nificantly during microscopic tissue exam, particularly if the parasitaemia is limited [70]. As a
result, B gibsoni infections are frequently misdiagnosed as IMHA, leading to mismanagement
of the disease with potentially serious consequences [52]. Tissue staining is still practised as a
diagnostic method due to its affordability and practicality. However, with low parasitaemia or
a more chronic course of disease, the accuracy this method diminishes. Modern immunologi-
cal and molecular methods have greater sensitivity and specificity than tissue staining and are
replacing more traditional methods [24, 71].

4.7.1 Immunological detection of B. gibsoni

When it comes to serological detection of B. gibsoni, the immunofluorescent antibody test
(IFAT) has been the standard for decades. Multiple investigations into the accuracy of IFAT
have shown it to be more reliable in detecting Babesia compared to microscopic examination of
blood smears. Kushwaha et al. found a 21.6 percentage point increase in detection of B. gibsoni
with IFAT (82.3%, compared to 60.7% on blood smear) which means that over a fifth of cases
could be missed when attempting to diagnose on the basis of blood smears alone [71].

IFAT is particularly useful for diagnosing babesiosis when parasitaemia is too low for molecu-
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lar detection or in asymptomatic carriers, as it outperforms PCR and microscopy in such cases
[71]. The test detects antibodies binding to parasitic antigens using fluorochrome-conjugated
secondary antibodies, providing high sensitivity for B. gibsoni [69]. However, cross-reactivity
with other Babesia and apicomplexan species reduces specificity [24]. In endemic areas, inter-
pretation is complicated by the inability to distinguish acute from chronic infections, as many
animals carry antibodies without clinical signs. Because antibodies appear days to weeks after
infection, early diagnosis is limited, and subjective result interpretation hinders standardisation
for large-scale use. Additionally, subjective operator evaluation of the results makes standardis-

ation and large scale use impractical [69].

To address these concerns, research has been focused on identifying specific immunodominant
B. gibsoni antigens that can be used for enzyme-linked immunosorbent assays (ELISA) as well
as potential vaccine prophylaxis. One of the main benefits of ELISA technology is that it is
less subjective, not relying on operator expertise. Additionally, it can manage larger numbers of
samples and works at higher specificity to the IFATs. Specificity is further enhanced when using

monoclonal antibodies (MABs) or recombinant antigens [69].

Several surface antigens of B. gibsoni, including BgSA1 and BgP50, have been identified as di-
agnostic targets, with recombinant combinations improving accuracy [61, 72]. A subset of sur-
face antigens of particular interest when it comes to ELISA development are thrombospondin-
related adhesive protein (TRAPs). These TRAPs conserved among apicomplexans, elicit strong
antibody responses and are key candidates for ELISA development. BgTRAP is expressed
across multiple parasite stages, including sporozoites and merozoites, enabling earlier detection
[73]. Recombinant TRAPs outperform other recombinant antigens, with rBgTRAP showing
78.2% overall accuracy, 84% sensitivity, and 73.3% specificity compared with PCR-positive
samples [72].

Rapid immunochromatographic antibody tests (ICTs), such as the SensPERT Canine Babesia
gibsoni Ab Test Kit, provide quick, user-friendly alternatives to microscopy. Using recombinant

antigen-coated nitrocellulose strips, they require no specialised equipment and achieve 91.8%
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sensitivity and 93.5% specificity relative to IFAT [65].
4.7.2 Molecular detection of B. gibsoni

Molecular diagnostic techniques vastly surpass the sensitivity and specificity of more traditional
B. gibsoni detection methods. Polymerase chain reaction (PCR) enables direct detection of par-
asitic DNA, making it effective for both acute and chronic infections, even when antibody titres
are low. Direct detection via PCR also eliminates the potential cross-reactivity or misidentifica-
tion that can be seen with serology or microscopic examination [69].

PCR assays typically target highly conserved ribosomal RNA genes, such as 18S, 5.8S and 28S
or the internal transcribed spacer (ITS) sequences that vary between species and populations.
Sequencing ITS regions helps clarify phylogenetic relationships and genetic diversity [24]. Al-
ternative loci such as p18/BgTRAP are used mainly in research for increased accuracy [72].
Similarly PCR derivatives such as PCR-restriction fragment length polymorphism (PCR-RFLP)
and nested PCR (nPCR), allow for swift differentiation between B. gibsoni and other Babesia
species [74, 75]. Real-time PCR (qPCR) allows for both detection and quantification of para-
sites in the host, making it a valued tool in the monitoring of disease progression and evaluating
the efficacy of selected therapy or vaccines [24].

Advanced molecular techniques, such as loop-mediated isothermal amplification (LAMP) pro-
vides swift and specific detection of Babesia species. Unlike conventional PCR, LAMP technol-
ogy allows for rapid multiplication of nucleic acid at a constant temperature. It uses an isother-
mal DNA polymerase and four primers specifically designed to target six distinct sequences on
the target DNA. The high number of primer binding sites allows for heightened sensitivity and
fast DNA amplification from a limited sample [76]. Various visualization methods, including
fluorescent dyes, turbidity, and colorimetric metal-ion assays, make LAMP suitable for field
diagnostics [69].

Although LAMP is faster, PCR remains more sensitive, detecting parasitic DNA at all infection
stage, even before blood smear or IFAT positivity. [69, 72]. Its amplification capacity enables

detection at parasitaemia levels as low as 50 organisms per millilitre of canine blood [74]. De-
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spite its value to diagnostic accuracy, access to molecular techniques remains relatively limited
due to its special requirements such as specialised laboratories, operator expertise and compara-
tively high cost [69]. PCR also carries a risk of contamination with other nucleic acid material,
causing false positives. Therefore, the best implementation of PCR techniques is alongside

serological assays such as IFAT or other diagnostic methods to confirm the diagnosis [24].

4.8 Treatment of Babesia gibsoni

When considering treatment approaches to canine babesiosis, accurate diagnosis of the causative
Babesia species is vital. Several treatment protocols exist, but therapeutic efficacy varies. There
is currently no universally effective treatment for babesiosis in dogs. Given that different Babesia
species and even genotypes display variable drug sensitivities and clinical outcomes, finding a
“magic bullet” is unlikely [24, 77].

4.8.1 Imidocarb diproprionate and diminazene aceturate

Both imidocarb diproprionate (6.6mg/kg, SC/IM, repeated once after 14 days) and diminazene
aceturate (3.5mg/kg, IM, single dose) have been used to treat babesiosis, either as monotherapy
or combined. Large Babesia species respond better to these treatments, but the therapeutic
response is varied and resistance is an emerging issue [77, 78]. Both medications have been
shown to limit clinical signs, rapidly increase erythrocyte count and reduce overall fatalities.
Likely, treatment with either agent will induce remission, but does not always lead to complete
parasitic clearance from the host [41].

For Babesia gibsoni, neither imidocarb nor diminazene has demonstrated reliable efficacy as a
monotherapeutic agent [24]. Studies show that while diminazene aceturate may lead to tem-
porary clinical improvement, relapse is common and frequently accompanied by worsening
haematological parameters, such as decreased packed cell volume (PCV), platelet count (PLT),
and increased C-reactive protein (CRP) [79]. The risk of adverse effects, including gastrointesti-
nal, neurological or fatal complications, warrant caution when its stand-alone use provides lim-
ited benefits. Imidocarb, similarly, provides only symptomatic relief in cases of small Babesial

species and is generally considered to fall short in clearing parasitaemia. However, the risk of
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severe adverse reactions with this drug are not as grave. Its most notable side effects are injection
site inflammation and cholinergic symptoms [77, 80]. Given these limitations and safety con-
cerns, current consensus supports the use of combination therapies to more effectively control

and reduce the protozoal Babesia burden [77, 79].
4.8.2 Atovaquone with azithromycin (AA)

Atovaquone (ATYV), an anti-malarial drug, has been shown to be an effective treatment for small
Babesia species, particularly Babesia microti [81]. As a stand-alone medication, it has similar
limitations to imidocarb and diminazine, with relapses reported even when given at high dose
(30 mg/kg twice daily) [24]. However, at a lower dose of 13.3 mg/kg orally every 8 hours
for 10 days, combined with azithromycin (10 mg/kg orally once daily for 10 days), ATV has
been determined to be a promising treatment for B. gibsoni. In most cases, this AA-protocol
suppresses or eliminates B. gibsoni parasitaemia with few reported adverse effects, making it
the current standard of care [77, 82].

Clinical trials in persistently infected B. gibsoni dogs unresponsive to either imidocarb or dim-
inazene, have demonstrated that combination treatment with the AA-protocol significantly re-
duces detectable B. gibsoni DNA. Eight out of ten dogs on an AA-protocol were found negative
on PCR testing, whereas all eleven dogs in the placebo group continued to test positive. Nev-
ertheless, two of the AA-treated dogs did relapse, highlighting the need for continued research
into alternative drug therapies [82]. Buparvaquone, a similar compound to atovaquone, when
combined with azithromycin (BA) was shown to have similar efficacy to the AA-protocol. Re-
lapses were less common and both AA and BA protocols were better tolerated than imidocarb
treatment [80].

Emerging protozoal resistance to atovaquone may be in the background of these reported re-
lapses [83]. Molecular analysis located key mutations in the parasitic mitochondrial cytochrome-
b (CYTDb) gene in persistently infected dogs. A single amino acid substitution appears to modify
the ATV-binding site on CYTb, limiting the drug’s efficacy and enabling resistance to treatment

[84]. A large scale molecular survey in Northern America showed a similar mutation at a dif-

25



ferent CYTD residue. Interestingly, many of the dogs presenting with mutated B. gibsoni had
previously shown the wild-type CYTb, suggesting that AT V-selective pressure during treatment
may have contributed to these genetic alterations [85]. This notion is supported by the fact that
wild-type parasites when treated with gradually increasing doses of ATV in vitro, selected for
AT V-resistant strains within the span of a month [86].

4.8.3 Antibiotic combination treatments

To address the challenge of drug resistance, the combined use of clindamycin, doxycycline,
and metronidazole (CDM) has been evaluated as an alternative to the first-line AA protocol.
Comparative studies indicate that the AA regimen produces significant improvements in haema-
tological parameters within the first 7 days, while patients receiving CDM typically require 14
to 28 days to achieve similar initial outcomes. However, by day 28, CDM-treated patients con-
sistently outperform the AA-treament group when comparing haematological parameters [87].
Both treatment groups experienced reductions in parasitaemia, but the AA group exhibited a
notably higher relapse rate (41.2%) than the CDM group (15.2%). Genetic analysis revealed that
all relapsed dogs in the AA group possessed the M 1211 mutation in the B. gibsoni cytochrome-b
(CYTDb) gene, linked to ATV resistance. No such mutations were found among relapsing dogs
in the CDM group. Moreover, dogs that relapsed after AA treatment and subsequently received
the CDM protocol showed recovery without further relapses, highlighting the effectiveness of
CDM, particularly against AT V-resistant B. gibsoni strains [87].

4.8.4 Artemisinin Supplements

Artemisinin, derived from sweet wormwood (Artemisia annua), and its derivatives such as arte-
sunate show antiparasitic, antimicrobial, and anti-inflammatory effects, particularly in case of
human malarial disease [88]. Recent studies have explored its efficacy against B. gibsoni in dogs,
particularly when supplementing conventional therapies including atovaquone and azithromycin
[89].

In one study, artemisinin was given orally at 12.5 mg/kg once daily for 10 days in combination

with the AA-protocol. The regimen was well tolerated, with no relapses reported. Although
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artesunate may mildly suppress erythropoiesis, significant adverse effects are rare, supporting

its consideration in cases of relapsing parasitaemia [38, 89].
4.8.5 Supportive care

Babesiosis therapy can only succeed if both the causative agent and the clinical signs are ad-
dressed [52]. In uncomplicated cases, management may focus on anti-parasitic therapy alone,
but more severe clinical symptoms may require supportive care. In complicated cases, sup-
portive care also improves outcome and reduces the chance of relapsing parasitaemia [14, 83].
Monitoring prognostic markers such as serum urea, alanine aminotransferase (ALT), and lactate
can help identify patients at risk of fatal outcomes. Early, aggressive interventions targeting
renal and hepatic dysfunction, lactic acidosis, and oxidative stress are associated with improved

survival rates [44].

Severe anaemia and reduced tissue perfusion should be managed through blood transfusions,
combined with vigilant fluid management [90]. The risks associated with transfusion, such as
exposure to infectious agents and potential for transfusion reactions, must be carefully consid-
ered to justify the significant financial cost and potential adverse events [35, 91]. The decision
to transfuse should not solely rely on the packed cell volume, but should incorporate the severity
of clinical signs such as tachypnoea, tachycardia, or collapse, as well as blood-gas and acid-
base imbalances and other co-morbidities [91]. While whole blood transfusions are beneficial,
packed red blood cell transfusions are generally preferred for the management of haemolytic

anaemia [90].

Blood transfusion has benefits other than correcting anaemia. Increasing the packed cell volume
will also enhance the blood’s buffering capacity, improving the acid-base balance. Clinical
studies demonstrate that transfusion can normalise bicarbonate concentration and pCO;, thus
resolving metabolic acidosis without need for intravenous alkalising solutions. Nevertheless,
Crystalloid fluid therapy remains essential for severe or complicated babesiosis due to the high

prevalence of dehydration, hypovolaemia and shock [92].
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4.9 Prevention of Babesia gibsoni

Controlling exposure to tick vectors is the primary mode of prevention in case of canine babesio-
sis in endemic regions. Effective tick control strategies include ectoparasitic treatment, such as
permethrin, fipronil or oral isoxazolines [93, 94]. The efficacies of such treatment rely on either
repelling the ticks or kill the tick within the 48 to 72 hour window in which transmission of B.
gibsoni would occur [4]. Owners living or travelling to endemic areas should be encouraged to
remain compliant with proper acarid prophylaxis and practice regular tick checks on their dogs
[14].

Since B. gibsoni can also be transmitted through blood transfusions, screening candidate donors
to prevent further spread is essential, especially in endemic areas. Should a breed predisposi-
tion be confirmed, more severe screening or exclusion of these breeds from donor status might
be considered in the interest of recipient safety [95]. Similarly, transplacental transmission is
possible in dogs. Pregnancy-associated immune suppression can trigger a relapse of B. gibsoni,
leading to potentially fatal infection in newborns. Thus previously infected dams should be
excluded from breeding [37].

4.9.1 Vaccine development

Vaccines for B. canis and B. rossi are available on the European market, however there is no
cross-protection with B. gibsoni. Vaccines targeted to B. gibsoni remain experimental and none
are currently commercially available [52]. Attenuation of B. gibsoni’s virulence through serial
passage in vitro has been explored, but current research mainly focuses on manufacturing of
recombinant parasite antigens [96, 97].

A prominent candidate is the recombined variant of B. gibsoni’s 50-kDa surface protein (rBgP50).
Experimental mouse models show rBgP50 elicits a strong antibody response and inhibits para-
sitic growth [98]. Other prospective recombinant vaccines include BgP29 and rBgGARP, which
induce only a specific immune response and thus protective immunity remains incomplete [99].
The recombinant heat shock protein-70 of B. gibsoni (rBgHSP-70) shows high IgG antibody

titres and partial cross-protection to B. microti in mouse studies [59].
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Despite promising immunogenicity of multiple recombinant antigens, no single candidate has
yet provided sufficient protection for development of a commercial subunit vaccine. Continued
studies of both antibody-mediated and cellular immune responses are needed to improve vaccine
efficacy [97]. Furthering understanding the immune mechanisms during infection may help

determine better candidates for future vaccine development against B. gibsoni.

4.10 Conclusion

Babesia gibsoni represents an increasing risk to canine health across Europe. Although B. gib-
soni is less prevalent on the continent than larger Babesia species such as B. canis, its recent
emergence suggests that it may be shifting the distribution patterns of canine babesiosis.
Prevalence data for Europe has not been fully elucidated, but estimates are likely conservative.
B. gibsoni frequently presents subclinically. Even when clinical signs are apparent, less sensitive
or specific diagnostic methods may lead to misidentification as B. canis or other Babesia species.
Even when appropriately diagnosed, the data available is complicated by reliance on case reports
from high-risk groups such as fighting dogs. Direct transmission through dog bites continues
to be the dominant route of spread, yet the presence of Rhipicephalus sanguineus, a competent
tick vector on the continent, raises the possibility that indirect, vector-borne transmission may
become more significant. PCR diagnosis on a larger sample size of symptomatic dogs revealed
a higher prevalence than originally suspected. Further research should bring more clarity to the
prevalence of B. gibsoni in Europe.

Case studies consistently report that certain breeds associated with dog fighting, particularly the
APBT and Staffordshire Terriers are overrepresented, suggesting either a breed predisposition or
merely higher environmental exposure. Although younger and male dogs appear to have higher
risk factors, the demographic composition of fighting dogs makes it difficult to definitively de-
termine whether true breed or sex predispositions exist.

B. gibsoni infection induces a complex of haematological, biochemical and immunological
changes, leading foremost to regenerative anaemia and, in severe cases, multi-organ dysfunc-

tion. The spectrum of disease is broad, ranging from subclinical carrier states to life-threatening
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complications such as immune-mediated haemolytic anaemia, multiple organ dysfunction syn-
drome, and renal or hepatic insufficiency. These variable presentations challenge veterinary
professionals, as the clinical picture is often indistinguishable from other causes of anaemia or
immune-mediated disease.

Advancements in serological and molecular diagnostics, such as IFAT, PCR, and novel antigen-
based assays, have made early and accurate detection more attainable. However, each method
comes with distinct limitations in sensitivity, specificity, practicality, and cost, particularly for
routine or field application. The superior sensitivity of molecular techniques must be balanced
against the need for fast and affordable hands-on tests.

Therapeutic options for B. gibsoni remain in need of improvement. The current standard, com-
bining atovaquone and azithromycin, has improved outcomes but is challenged by expense,
limited availability, and growing evidence of drug resistance. Alternative protocols using combi-
nations of antibiotics or the addition of artemisinin derivatives show promise but require further
evaluation in larger studies.

Effective preventative control of B. gibsoni depends on a multi-tiered approach: diligent tick
prophylaxis, education around the risks of dog fighting and unregulated breeding, and vigilant
screening of blood donors. The lack of a commercial, effective vaccine remains a major bar-
rier, though research into recombinant antigen-based vaccines provides hope for future break-
throughs. Currently, preventing direct and iatrogenic transmission is still the most critical form
of prevention in the European context.

In summation, Babesia gibsoni is no longer a pathogen of insignificance in Europe. It poses
ongoing challenges to the veterinary profession. Continued research into the molecular biology,
diagnostics, therapeutics, and immunological properties of B. gibsoni will remain essential to

anticipating and mitigating its impact in the years to come.
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5 Objectives

The objective of this thesis is to identify specific complete blood count (CBC) parameters that
may serve as diagnostic indicators of Babesia gibsoni infection in dogs. Establishing such pa-
rameters could enable quicker presumptive diagnoses, particularly in resource-limited veterinary
settings where less common diseases like B.gibsoni may otherwise be overlooked. Although ca-
nine babesiosis is commonly included in differential diagnoses and may present with similar
haematological profiles, B.gibsoni infection requires a unique therapeutic approach. Clearer
diagnostic markers are therefore of significant value in ensuring timely and effective disease

recognition, management and control.
5.0.1 Hypothesis

Compared to non-infected dogs, B. gibsoni infected dogs will show distinct alteration in several
haematological parameters indicating anaemia such as red blood cell indices and haemoglobin

values, often in conjunction with thrombocytopenia.

6 Materials & Methods

A retrospective analysis was conducted using complete blood count (CBC) data collected from
dogs seized in relation to dog fighting activities in Hungary in 2020. Blood samples were col-
lected in EDTA tubes by peripheral vein puncture from v. cephalica antebrachii or v. saphena.
Complete blood count and blood smear evaluation was performed using an ADVIA 120 (Siemens)

haematological analyser.

A total of 69 results were made available for further analysis. PCR testing to identify possible
Babesia species had been performed on all samples. Eight samples positive for Babesia vulpes
were excluded from the dataset. Among the 61 remaining samples, 28 samples were positive
for B. gibsoni. An additional 33 samples had tested negative for canine babesiosis and served as
the control group. These control animals originated from the same environment, and although
other underlying illnesses were not ruled out, they served as a comparison to discern B. gibsoni-

specific alterations where possible. Sampling was non-randomised and based on availability due
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to the retrospective and observational nature of the study. Cases with incomplete CBC data were
excluded from statistical analyses. No additional sampling or interventions were performed for

the purposes of this research.

6.1 Variable Definitions

Anaemia was defined as having at least two out of the following three parameters below their
respective reference intervals, namely: RBC (5.5-8.5 x 10!2/L), Hgb (120-180g/L), or PCV
(0.38-0.55L/L), indicating a decreased oxygen-carrying capacity of the blood.

Dogs were classified as thrombocytopenic if platelet count (PLT) was below the established
reference range (< 110 x 10°/L). For each instance of thrombocytopenia, additional platelet
indices were examined to aid interpretation: mean platelet volume (MPV), plateletcrit (PCT),
and large platelet score (LPLTS). Dogs with elevated MPV (> 14fL) and high LPLTS (score >
2) were considered to have a regenerative thrombocytopenia pattern.

For all other indices, standard laboratory reference ranges as indicated by the haematological

analyser were applied.

6.2 Statistical methods

Complete blood count (CBC) indices for all animals in the cohort were subjected to both indi-
vidual and group statistical analyses. To preserve anonymity, each subject was assigned a nu-
merical identifier in place of any identifying information. Haematological alterations between
the B. gibsoni positive group and the negative control group were compared. Results were con-
sidered statistically significant at p < 0.05. Exact p-values are reported to three decimal places,
with values less than 0.001 reported as p < 0.001. All analyses were conducted using Python

(v3.13), utilizing the pandas library for data handling and scipy for statistical testing.

* Mean, median, interquartile range (IQR) and standard deviation (SD) were calculated for
all parameters. Where relevant, data were visualised in box-and-whisker plots presenting
individual results as dots, the median as a thick horizontal line, the interquartile range as

the shaded box, and dotted lines to indicate reference limits, allowing for direct compari-
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son of central tendency and variability in relation to standard clinical cut-off values.

* Continuous variables (e.g., RBC, Hgb, PCV, MCYV, PLT, etc) were compared between
groups using the Mann-Whitney U test. Due to sample size it was assumed all data was

non-normally distributed.

» Categorical data (e.g., incidence of anaemia, thrombocytopenia) were compared using

Fisher’s exact test.

6.2.1 Excluded parameters

Corpuscular haemoglobin (CH), which measures the average haemoglobin content per erythro-
cyte by direct optical measurement, was excluded from the core RBC analysis due to redun-
dancy. Like mean corpuscular haemoglobin (MCH), CH reflects haemoglobin content but its
importance in assessment of anaemia on the CBC is currently not investigated in the literature.
Therefore CH was excluded from analysis.

Platelet distribution width (PDW) was excluded from the core analysis because it is a non-
specific indicator of platelet size variability. Severely altered platelet size may affect accuracy of
this parameter [100]. As LPLTS, a semi-quantitive measurement of large platelets, specifically
was measured in the relevant CBCs, this was used to identify regenerative processes and altered
platelet size instead. Additionally, in case of inflammation a positive relationship with mean
platelet volume (MPV) has been reported [101]. Therefore further analysis of PDW was deemed
superfluous for the purposes of this study. Similarly, mean platelet component (MPC), which
measures platelet refractive index or density, was not included as it is not yet validated as a
core index for thrombocytopenia assessment in dogs and currently does not have an established

reference range.
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7 Results

Several haematological alterations in dogs infected with Babesia gibsoni were observed across
all three major blood cell groups examined: erythrocytes (RBC), platelets (PLT), and leukocytes
(WBC). Changes in the erythrocyte population were most consistently apparent. Select platelet
indices and leukocyte parameters also exhibited statistically significant alterations.

The results for each relevant parameter and their alterations are presented and discussed within
the context of its respective blood cell group. Whilst all dogs have some values outside the refer-
ence range, a large segment of the population (50%) predominantly has normal values reflecting

substantial variation within the group.

7.1 Erythrocyte alterations and anaemia

Significant haematological alterations were observed in the erythrocyte population of dogs in-
fected with B. gibsoni, with regenerative anaemia being the predominant abnormality identified.
Of the 28 infected dogs, 12 (42.9%) showed alterations in all three key anaemia indicators (RBC,
Hgb and PCV), compared to 1 of 33 dogs (3.1%) in the negative control group. This difference

between groups was statistically significant (Fisher’s exact test, p < 0.001).

Figure 2: Anaemia frequency
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The distribution of RBC counts for the infected group is shown below left. Half of the infected
dogs (14/28) had RBC counts below the lower reference limit, with a minimum of 2.84 x 1012 /L.
The infected group had a median RBC count of 5.46 x 10'2 /L (IQR 1.80 x 10'? /L), significantly

lower than controls (Mann—Whitney U test, p < 0.001). In the control group, three dogs were
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below and one above the reference range (median 6.29, IQR 0.99 x 10'2/L). Among the 14
infected dogs with low RBC, 12 also had Hgb and PCV values below reference limits. The
control group had one dog below and one above the reference for these parameters, with both
Hgb and PCV differences significant between groups (Mann—Whitney U, p = 0.002 for each).
For haemoglobin, the infected group had a minimum value of 60 g/L, median 131 g/L. (IQR
40.75 g/L). PCV ranged from 0.20 L/L to above, with median 0.40 L/L (IQR 0.11). No infected

dog exceeded the upper reference limit for these parameters.

Figure 3: Red blood cell parameters: RBC count, HGB, PCV
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Other erythrocyte indices also showed significant differences (Mann—Whitney U test), visualised
below in box-and-whisker plots. Mean corpuscular volume (MCV), which calculates the average
volume of the erythrocyte based on RBC count and Hgb levels, was significantly higher in
infected dogs (median 72.75, IQR 5.38 fL) compared to controls (median 69.2, IQR 2.0 fL,
p < 0.001), despite only two infected dogs exceeding the upper reference range (60—80 fL).

Mean corpuscular haemoglobin (MCH), representing average haemoglobin mass per RBC, showed
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less pronounced differences with medians of 23.65 pg (IQR 1.2 pg) for infected and 23 pg (IQR
1.2 pg) for control, but a statistically significant difference was detected (p = 0.027). Only one

infected dog exhibited mildly elevated MCH above the reference range (20-25 pg).

Red cell distribution width (RDW), measuring variability in RBC size, revealed increased het-
erogeneity in the infected group (median 14.36%, IQR 1.6% p = 0.008), with nine dogs above
the reference range (12—-14.5%). In the control group, five dogs exhibited values outside the

range (median 13.2% IQR 1.3%).

Morphological grading of erythrocytes showed that 17/28 infected samples had macrocytic cells
(+/4++/+++), with 11 mildly elevated (+) and 4 severely enlarged (+++). No microcytic cells were
observed in infected dogs, while controls showed one microcytic (+) and two macrocytic (+)
cases. Anisocytosis was noted in eight infected samples (4 mild (+), 2 severe (+++)) compared

to five controls with mild to moderate anisocytosis.

Chromatic alterations were also significant. Mean corpuscular haemoglobin concentration (MCHC),
the calculated average Hb concentration in packed RBCs, and cellular haemoglobin concentra-
tion mean (CHCM), a direct optical measurement of Hb concentration in intact RBCs, differed
significantly between groups (MCHC p = 0.009, CHCM p = 0.011). Both parameters have a
reference range of 300-360 g/L. Two infected dogs had MCHC values below this range (lowest
289.0 g/L), and six had decreased CHCM (lowest 284.0 g/L). Median MCHC was 326.5 (IQR
16.5 g/L) and median CHCM 314.0 g/LL (IQR 21.0 g/L) in infected dogs, compared to 331.0
g/L. (IQR 10.0 g/L) and 320.0 g/L. (IQR 13.0 g/L) in control, respectively. The infected group
showed 16 instances of hypochromic cells (9 mild (+), 7 severe (+++)), whereas controls had 4
cases of mild hypochromasia.

Haemoglobin distribution width (HDW), indicating heterogeneity in Hb concentration among
RBCs, was significantly elevated (p < 0.001) in infected dogs (median 16.25, IQR: 3.63 g/L),
with five dogs outside the reference range (14-21 g/L). The lowest measured value was 18.7g/L
and the highest measured value 28.3g/L. In controls, four dogs were below the reference range

with no values above it (median 14.9, IQR 1.2 g/L). Overall, only six infected dogs showed
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no abnormalities in red cell parameters. All anaemic dogs had multiple parameters outside
reference ranges, and an additional 10 had single-parameter abnormalities in RBC count (n =2),
CHCM (n = 1), RDW (n =5), or HDW (n = 2). Most anaemic dogs were normocytic (normal
MCYV) and normochromic (normal MCHC).

Figure 4: MCV, MCH, MCHC, CHCM, RDW, HDW
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7.2 Platelet indices and thrombocytopenia

Alterations in platelet parameters were identified in 14 infected dogs, 6 of which did not have
concurrent anaemia. Conversely, 33% of anaemic dogs showed no platelet abnormalities.
Based on the reference interval of PLT < 110 x 10°/L, thrombocytopenia was identified in
5/28 infected dogs (17.9%), whereas only 2/33 controls (6%) had decreased PLT values. This
difference was not statistically significant (Fisher’s exact test: p = 0.231).

However, when comparing absolute PLT values rather than categorical incidence, a significant
reduction was observed in the infected dogs (p < 0.001, Mann—Whitney U test). Infected dogs

showed greater variability and more extreme lows in PLT values, mostly driven by anaemic
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cases. The lowest platelet count recorded in the infected group was 59 x 10° /L compared to
85 x 10% /L for the control. The median for infected dogs was 186.5 (IQR 102.3 x 10°/L) sig-
nificantly lower than the control group median 309 (IQR 111 x 10° /L).

Figure 5: PLT, MPV, PCT
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Mean platelet volume (MPV) reflects average platelet size and serves as an indicator of platelet
turnover. Increased MPV values were observed in 13 infected dogs, 8 of which had anaemia.
The highest MPV value in the infected group was 23.9 fL. Infected dogs had significantly dif-
ferent MPV values compared to controls (p < 0.001). Median MPV was 221.5 fL. (IQR 20.0 fL)
in contrast to 236 fL. (IQR 14.0 fL) in the controls. Platecrit (PCT), representing the percentage
volume of circulating platelets, showed alterations in both directions. Infected dogs had values
ranging from 0.08% to 0.73%, with one case below and two cases above the reference interval
(0.1-0.4%). The control group had more cases outside the reference range (8 dogs), but all
were above the threshold, with a maximum value of 0.65%. The median PCT was significantly

lower in infected dogs (0.25%, IQR: 0.12%) compared to controls (0.32%, IQR: 0.12%; p =
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0.003). LPLTS, a semi-quantitative score describing the presence of large platelets, measured as
+/++/+++ from mild to severe, was abnormal in 17 infected dogs: 10 dogs showed mild, and 6
dogs showed severe alterations. Of these, 11 dogs had anaemia, 4 had thrombocytopenia. In the
control group, 3 cases presented large platelets (2 mild, 1 moderate). When focusing specifically
on the five thrombocytopenic dogs, four of the five showed regenerative responses with elevated
MPV (> 14 fL) and marked LPLTS (+++), consistent with peripheral destruction and compen-
satory platelet production. One dog (sample ID #25), however, exhibited thrombocytopenia

without concurrent MPV or LPLTS abnormalities, suggesting a non-regenerative process.

Table 2: thrombocytopenia types

Sample ID PLT (x10°/L) MPV (fL) PCT (%) LPLTS Thrombocytopenia Type

#6 86 20.2 0.17 +++ Regenerative
#20 104 19.2 0.20 +++ Regenerative
#21 78 23.9 0.19 +++ Regenerative
#24 106 18.3 0.19 +++ Regenerative
#25 59 12.8 0.08 - Non-regenerative

7.3 Absolute and relative leukocyte alterations

Overall, less variation was observed in leukocyte parameters between infected and control groups
compared with erythrocyte and platelet indices. Statistically significant differences were identi-
fied in absolute and relative eosinophils (#EOS p = 0.002, %EOS p = 0.004), relative basophils
(%BASO p = 0.047), and the myeloperoxidase index (MPXI, p = 0.003). When looking at the
mean values between the two groups, there are no substantial differences, but there are more in-
dividual outliers in the infected group. However, as the health status of the control group was not
fully verified and many control values fell outside the reference range, the biological relevance
of these findings is uncertain. Anaemic dogs tended to show more pronounced deviations across

leukocyte subsets, with values that were low, high, or borderline adjusted in multiple indices,

39



suggesting a more variable and dysregulated haematological profile.

Leukocytosis was observed in 11 infected dogs (39%), distributed across
Figure 6: WBC
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7.3.1 Relative leukocyte alterations

The relative proportion of neutrophils (%NEU) showed eleven dogs below the reference interval
(55-80%), often shifting downwards in favour of relative increase in monocytes or lympho-
cytes. Dogs with highest neutrophil percentages (70%-71%) tend to have moderate to high
WBC counts. Some dogs, especially anaemic ones, exhibited lower relative neutrophil percent-
ages, with some as low as 25.3%, 39.4%, and 43.7%. Lymphocyte percentages (%LYMPH)
had a wide range (16-63.5%), with 4 exceeding and 4 below the threshold. Both anaemic and
non-anaemic dogs showed relative lymphocytosis (e.g., 40.9%, 46.2%, 63.5%). Low neutrophil
percentages often accompany high lymphocyte percentages. Monocyte percentages were fre-
quently above the normal upper reference limit (4%), only one dog was found within the refer-

ence range (3.6%). The maximum value was 15.6%, median 8%, IQR 4.9%. The mean exceeded
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the median (8.37 +3.16%). Both mean and median exceed the reference range. Eosinophil per-
centages varied considerably, with values clustered between 0-0.3% and some notably elevated
(e.g., 9.9%, 8.0%, 7.5%). 17 dogs (60.7%) of dogs showed values below, whereas 4 dogs
(14.2%) showed values above the reference threshold (2-6%). Basophil percentages remained
uniformly low (< 1%). Large unstained cell percentage (%LUC) were mostly low (< 2.6%,
median 0.95%), all were within reference range.

7.3.2 Absolute leukocyte alterations

The absolute neutrophil count (#NEU) ranged from 3.6 to 16.6 x 10° /L, with no values falling

below the reference interval (2.5-12.5 x 10° /L). Most subjects, anaemic and non-anaemic alike,
had neutrophil counts within the normal range. Four dogs exhibited neutrophilia, corresponding
to the highest #NEU values of 13.0, 13.9, 14.2, and 16.6 X 10° /L, which aligned with elevated
total white blood cell counts. The median #NEU was 6.86 x 10° /L (IQR 3.98 x 10° /L).
Lymphocyte counts varied between 1.7 and 9.1 x 10° /L, exceeding the upper reference limit of
4.5 % 10° /L in seven dogs. Among these, one was anaemic, one thrombocytopaenic, and the
highest lymphocyte count (9.1 x 10? /L) occurred in a dog with both conditions. The median
lymphocyte count was 4.0 x 10° /L (IQR 1.33 x 10°/L). Elevated lymphocyte counts tended
to coincide with low to moderate neutrophil counts, indicating a shift in leukocyte population
balance.

Monocyte counts ranged from 0.4 to 2.3 x 10° /L, with 19 dogs exceeding the upper reference
limit of 0.8 x 10° /L, demonstrating monocytosis. This increase was observed in both anaemic
and non-anaemic groups without a clear association with red blood cell or platelet counts. The
median monocyte count was 1.0 x 10° /L (IQR 0.7 x 10°/L).

Eosinophil counts showed wide variation, ranging from 0 to 1.1 x 10° /L, with 16 dogs below
and four above the reference range of 0.2-0.6 x 10° /L. The median was 0.05 x 10° /L (IQR
0.6 x 10° /L) with no evident relationship to anaemia or thrombocytopenia.

Basophil counts were very low, predominantly zero, and remained within the reference range

(0-0.1 x 10° /L). Large unstained cells (LUCs) were also within normal limits (0.1-0.3 x
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10°/L).

Figure 7: Absolute neutrophils, lymphocytes and monocytes

15 — —_
) =
= [~ 2
= X
X 10 |+ — ~
S £
2 =
=
5| .
Median [IQR]
6.85[5.8-9.78]
Mean + SD
8.09 +3.32
Normal range
2.5-12.5

7.3.3 Myeloperoxidase Index (MPXI)

The myeloperoxidase index (MPXI) reflects the amount of myeloperoxidase enzyme present
in neutrophils, which plays a critical role in immune response and inflammation. Since no
reference range is established by the automated cell counter for MPXI used for these samples,
values were compared between infected and control groups.

In the infected group, MPXI values ranged from 8.1 to 17.7, with a mean of 13.1 + 2.9, median
13.5, and IQR of 4.6. The control group showed generally lower MPXI values, with a mean
of 10.6 + 3, median 10.8, and IQR 4.8. Although the controls had an overall lower MPXI, the
highest value recorded (17.4) exceeded the maximum value seen in infected dogs (15.3). This
outlier corresponded with severe increases in red blood cell parameters. Aside from this, control

MPXI values followed a normal distribution and appeared unrelated to changes in platelet, white

or red blood cell indices.
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8 Discussion

The purpose of this analysis was to determine whether there are certain markers in the CBC that
indicate a possible Babesia gibsoni infection in dogs. The hypothesis that "compared to healthy
dogs, B. gibsoni infected dogs will show distinct alteration in several haematological parameters
indicating anaemia such as red blood cell indices and haemoglobin values, often in conjunction

with thrombocytopenia” appears mostly true but there are limitations to this assumption.

8.1 CBC parameters

Overall, the most statistically significant haematological alterations between B. gibsoni infected
dogs and their control in individual CBC parameters were found in the platelet indices MPV
and PLT. For the red cells, MCV, HDW and RBC parameters were most significantly altered
from the control. For the leukocyte parameters, mainly the eosinophil measurements (absolute
and relative) and MPXI showed strong statistical significance. However, as many WBC pa-
rameters in the control were also outside the reference range, the statistical significance was
mostly disregarded in favour of an analysis of leukocyte alterations in infected dogs only, which
showed a tendency towards leukocytosis with elevation of lymphocytes and monocytes, often

with concurrent neutropenia.
8.1.1 Anaemia and erythrocyte parameters

A key pathogenic mechanism underlying the anaemia due to B. gibsoni infection is haemolysis,
both intravascular and extravascular. The parasite invades erythrocytes, leading to their direct
destruction during its lifecycle, but more importantly, immune-mediated mechanisms such as
antibody binding to red blood cells, complement activation, and phagocytosis by spleen and

liver macrophages contribute substantially to red cell loss [46, 48].

Infected dogs showed a high prevalence of anaemia, with 42.9% demonstrating reductions in
red blood cell (RBC) count, haemoglobin (Hgb), and packed cell volume (PCV) below their
respective reference ranges. This difference was statistically significant (p < 0.01, Fisher’s

exact test). When evaluating additional erythrocyte indices, most anaemic dogs presented with a
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pronounced macrocytic, hypochromic, regenerative anaemia, although morphological changes
such as anisocytosis, macrocytic cells and hypochromia were also observed in non-anaemic

individuals mostly in a milder degree.

Mean corpuscular volume (MCV) was significantly elevated in infected dogs, indicating an in-
crease in average red blood cell size. However, values in most dogs remained within the normal
range. Red cell distribution width (RDW) was also significantly increased, reflecting greater
variability in RBC size and enhanced erythrocyte heterogeneity. Mean corpuscular haemoglobin
(MCH) showed less pronounced increases but still statistically significant alterations, with few
infected dogs exceeding the reference range. Increase in erythrocyte size range and volume sig-
nifies regenerative processes, which is to be expected in case of ongoing haemolytic processes.
Specific measurements for reticulocytes are not present, but inference can be made to regenera-
tive processes based on these parameters. This is corroborated by morphological evaluation of
the erythrocytes, with a higher prevalence of macrocytosis and anisocytosis in both anaemic and

non-anaemic infected dogs compared to controls.

Significant chromatic alterations were found in infected dogs. Both mean corpuscular haemoglobin
concentration (MCHC) and cellular haemoglobin concentration mean (CHCM) were signifi-
cantly decreased compared to controls, indicating lower haemoglobin content within red blood
cells. Several infected dogs exhibited hypochromia, more frequently and severely than controls.
Additionally, haemoglobin distribution width (HDW), a measure of variation in haemoglobin
concentration among RBCs, was significantly elevated, indicating disruption in red blood cell

haemoglobinisation and maturation.

These results indicate that B. gibsoni infection induces a predominantly macrocytic, hypochromic
erythrocyte reaction. Notably, outliers with severe anisocytosis, hypochromia, or macrocytosis
corresponded to cases with the lowest RBC, Hgb, and PCV values, suggesting these represent
more severe (acute) anaemia, often combined with a stronger regenerative trend, making red
blood cell alterations more pronounced. However, half of the infected dogs showed no signifi-

cant changes in key anaemia parameters and only mild anisocytosis, with or without accompa-
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nying macrocytic and hypochromic erythrocytes. The alterations induced by B. gibsoni detected
on the CBC are characterised by significant variability in erythrocyte size and haemoglobin
content, which may have important implications for oxygen delivery and clinical management,
particularly in refractory cases. Nonetheless, anaemia alone is not a reliable indicator of infec-
tion, as other supportive parameters are often more significantly affected. Therefore, a holistic,

multi-modal diagnostic approach is essential in efforts to effectively diagnose B. gibsoni.
8.1.2 Platelet parameters

Alterations in platelet parameters were notable in dogs infected with B.gibsoni, affecting both
anaemic and non-anaemic individuals. While thrombocytopenia (platelet count < 110 x 10° /L)
was identified in 17.9% of infected dogs compared to 6% of controls, this difference was not
statistically significant. However, analysis of absolute platelet counts revealed a significant re-
duction in the infected group, predominantly driven by anaemic dogs, who exhibited greater
variability and more extreme low platelet counts. This shows that absolute PLT counts may still
be affected, whilst falling within the reference range. Therefore careful evaluation of trends in
PLT count rather that absolute values are more informative in aiding a B. gibsoni diagnosis.
Possible mechanisms underlying decreased PLT count in these dogs include peripheral destruc-
tion and increased consumption of platelets, often associated with immune-mediated processes
triggered by infection, as well as bone marrow compensation. This is supported by observations
of increased mean platelet volume (MPV), which reflects younger, larger platelets indicative
of heightened platelet turnover. Infected dogs exhibited significantly higher MPV values than
controls, with many showing regenerative platelet responses. However, one case of thrombocy-
topenia without elevated MPV suggests non-regenerative causes may also be present and cannot
be used as an exclusion criteria particularly in more chronic cases.

Plateletcrit (PCT), measuring the volume percentage of circulating platelets, was significantly
decreased in infected dogs, suggesting an overall reduction in platelet mass despite some indi-
vidual variation. The presence of large platelets, assessed semi-quantitatively through LPLTS

scoring, was more frequent and severe in infected dogs, also consistent with increased platelet

45



production and turnover.

The relationship between anaemia and thrombocytopenia in co-infected dogs was variable, while
some anaemic dogs exhibited concurrent platelet abnormalities, a third did not, indicating these
haematologic alterations may occur independently or through overlapping but distinct patholog-
ical mechanisms.

These findings highlight the complexity of platelet alterations in B. gibsoni infection. For ap-
propriate B. gibsoni diagnosis and monitoring, cut off values are less significant. Instead the
focus should be on platelet trends, changed platelet size distributions and shifts in platelet mass,
considering both regenerative and non-regenerative possibilities as platelet abnormalities may
manifest variably and independently of anaemia. Understanding these changes is critical, as
thrombocytopenia may contribute to bleeding risks and influence clinical management in af-

fected dogs.
8.1.3 Leukocyte parameters

The leukocyte data from B. gibsoni-infected dogs reveal a varied immune response that contrasts
with the more consistent and pronounced changes observed in erythrocyte and platelet param-
eters. Leukocytosis was present in nearly 40% of infected dogs and appeared independently of
anaemia and thrombocytopenia. White blood cell elevation is not necessarily directly linked to
the severity of these haematologic abnormalities. This suggests that the leukocyte response to B.
gibsoni infection can be influenced by additional factors such as individual host immune status,
stage of infection, or concurrent inflammatory stimuli.

A shift in leukocyte subset distribution is apparent among infected dogs. Neutrophil percentages
are often at or below normal limits, which may reflect consumption or migration to tissues as part
of the immune defence against B. gibsoni. Concurrently, there are compensatory increases in
lymphocyte and monocyte populations, suggesting an adaptive immune engagement and possi-
bly chronic immune stimulation. Monocytosis is particularly prevalent and pronounced, indicat-
ing heightened monocyte/macrophage activation that may be crucial for controlling parasitacmia

but could also contribute to inflammatory pathology and disease progression.
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The variability and sometimes contradictory patterns in absolute lymphocyte and monocyte
counts across infected dogs suggest heterogeneity in immune responses, which could relate
to different stages of infection or host immune competence. Several dogs showed acute neu-
trophilia, indicating a more acute immune activation. However, dogs more commonly showed
elevated lymphocyte counts, often observed alongside reduced neutrophil percentages, which
may signify a shift from an innate to an adaptive immune response. This balance could influ-
ence clinical outcomes, including the capacity to clear infection or the development of chronic

disease manifestations.

The statistically significant alterations in eosinophils and basophils, alongside changes in the
neutrophil myeloperoxidase index (MPXI), were noted between infected and control suggesting
a stronger immune system activation in infected dogs. The MPXI, reflecting neutrophil enzyme
content crucial for pathogen killing, was notably elevated in infected dogs. This finding un-
derscores the inflammatory aspect of the host’s response to B. gibsoni infection. However, the
minimal differences in mean values overall for these parameters and the presence of abnormal
values in some control dogs highlight the complexity of interpreting these markers in a clinical
context, especially when dogs in the control may have had undiagnosed conditions affecting
leukocyte fractions. From a clinical perspective it is worthwhile noting that alteration in leuko-
cyte parameters are common, and identifying specific trends that manifest in case of B. gibsoni

may be helpful, but further data is needed.

In conclusion, these leukocyte findings reflect a complex and dynamic immune response to B.
gibsoni infection, characterised more by cellular redistribution and activation than by simple
increases in total white blood cell numbers. Understanding these patterns provides insight into
how the host immune system reacts to and potentially controls B. gibsoni, with implications for
prognosis and therapeutic strategies aiming to modulate inflammation and immune activation

while managing the haematologic consequences of infection.
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8.1.4 Variation within the group

The results demonstrate a broad range of values across haematological parameters within the
infected group, reflecting an individual response which may have arisen from environmental
aspects, genetic factors, differences in infection stage or severity of parasitaemia along with in-
dividual host immune responses. All of these can modulate the haematologic picture. Notably,
several infected dogs displayed normal CBC parameters despite confirmed infection, whereas
some control animals had values outside reference ranges, underscoring the heterogeneous na-
ture of both populations. Such overlap cautions against relying only on CBC markers for defini-
tive diagnosis without clinical correlation. Outliers and individual variation should be consid-
ered, particularly minding asymptomatic dogs which may only have minor alterations in the

CBC.

8.2 Statistical testing and interpretation

A non-parametric Mann—Whitney U test was employed to compare infected and control groups,
appropriate given the skewed distributions and small sample size of the study. Statistically sig-
nificant differences were identified for several red blood cell indices (e.g., MCV, HDW) and
platelet parameters (e.g., MPV, PLT), as well as eosinophil counts and MPXI among leuko-
cyte indices. However, some parameters, such as thrombocytopenia prevalence, did not reach
statistical significance using Fisher’s exact test, which may reflect sample size constraints or
overlapping biological variation. When assessing the PLT index in itself which is the primary
indicator of thrombocytopenia, statistical significance was determined. Therefore a decrease in

PLT values may be a valuable indicator for B. gibsoni infections regardless.

It is important to note that statistical significance does not inherently equate to biological or
clinical relevance. For example, some leukocyte alterations had small mean differences despite
significant p-values, complicated by variable control group health status and outliers. Therefore,
the clinical context, haematological patterns and further diagnostic methods should be integrated

rather than relying on isolated statistical results.
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8.2.1 Limitations

The relatively small sample size of this study limits the statistical power to detect more subtle
haematological alterations and associations within CBC data. Additionally, the study popula-
tion comprised exclusively American Staffordshire Terriers from a single environment, which
may reduce the generalisability of the findings to other breeds or populations with differing ge-
netic and environmental backgrounds. Reference intervals used for comparison on automated
cell counters are derived from general canine populations and may not accurately reflect breed-
specific variations. Furthermore, a disproportionate number of puppies were included in the
sample, who may naturally exhibit physiological anaemia, potentially complicating the attri-
bution of anaemia solely to B. gibsoni infection in the dataset. These factors may affect the
sensitivity and specificity of CBC parameters as diagnostic markers for infection or disease
severity.

This study was confined to CBC data and lacked supplementary clinical or biochemical infor-
mation. Detailed individual patient data, including nationale, clinical history, and information
on subclinical or asymptomatic infections, were not available.

The health status of the control population was not fully verified, which may introduce con-
founding factors from undiagnosed conditions influencing haematological parameters. While B
gibsoni infection was ruled out, no further information about their health status was known. Due
to the nature of the environment where they were found and the alterations in their CBC, it is
likely they were affected by other infections or stress factors. Similarly, in the infected group,
no further co-infections were ruled out. This limitation may affect the interpretation and signif-
icance of comparisons made between infected and control groups, particularly for the leukocyte
fraction.

Lastly, no comparisons were made with CBC profiles from dogs infected with other blood-borne
pathogens, which may present with similar haematological abnormalities. Therefore this study
can only make inference as to “rule-ins” for B. gibsoni rather than offer conclusive tools for

definite diagnosis.
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8.3 Comparison to existing literature

The haematological alterations observed in this study largely align with previously reported
changes associated with Babesia gibsoni infection. Consistent with the literature, invasion of
erythrocytes by the parasite leads to significant reductions in RBC count, Hgb concentration and
PCV, reflecting the haemolytic nature of the infection. The regenerative anaemia demonstrated
in a substantial proportion of infected dogs corresponds with mechanical injury from parasite
replication, oxidative membrane damage, and immune-mediated destruction of both parasitised
and non-parasitised erythrocytes [46, 48] Morphological abnormalities such as macrocytosis and
anisocytosis in infected dogs reinforce prior descriptions of poikilocytosis and polychromasia
as common features of this disease [48, 49].

Findings of elevated red cell distribution width (RDW) and haemoglobin distribution width
(HDW) indicate increased heterogeneity in red blood cell size and haemoglobin content, likely
arising from disrupted erythropoiesis and oxidative stress, which are recognised contributors to
anaemia in B. gibsoni infection. The presence of hypochromic cells and significant decreases in
mean corpuscular haemoglobin concentration (MCHC) and cellular haemoglobin concentration
mean (CHCM) also underscore impaired haemoglobinisation, consistent with previous reports
of oxidative damage affecting red cell integrity [47, 49].

The results demonstrate altered platelet parameters, including significant reductions in absolute
platelet counts and increased mean platelet volume, indicative of heightened platelet turnover.
While thrombocytopenia was not statistically significant by categorical criteria, the marked vari-
ability and more profound decreases in platelet counts within anaemic dogs suggest complex
underlying mechanisms, including peripheral destruction and immune-mediated platelet loss, as
documented in the literature [52, 46]. The semi-quantitative assessment of large platelet pres-
ence further supports a compensatory regenerative response in most thrombocytopenic cases.
Leukocyte alterations in our study were less pronounced but showed significant changes in
eosinophil and basophil counts and in the neutrophil myeloperoxidase index, suggesting im-

mune activation. Variability in neutrophil, lymphocyte, and monocyte subsets suggests a hetero-
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geneous and dynamic immune response, consistent with previous conflicting reports [53, 49].
The increased monocyte and lymphocyte proportions alongside normal or decreased neutrophil
percentages may reflect shifts from innate to adaptive immunity, potentially influencing disease
progression and clinical outcomes.

Overall, our findings corroborate and extend existing knowledge of the haematological conse-
quences of B. gibsoni infection, highlighting its complex impact on erythrocytes, platelets, and
leukocytes, and underscoring the importance of comprehensive haematological evaluation in
affected dogs.

8.3.1 Further research needs

Future studies on B. gibsoni infection in dogs should address current limitations related to sam-
ple size and control group health status, while expanding knowledge of the disease’s haemato-
logic effects. Larger, multi-breed cohorts sourced from diverse geographical and environmental
backgrounds would improve the generalisability of findings and help illuminate breed-specific
haematological responses. Moreover, since biochemical and immunological alterations con-
tribute significantly to disease pathophysiology, their diagnostic importance warrants compre-
hensive investigation alongside CBC changes to better understand and characterise B. gibsoni
infections.

Combining detailed clinical data, including anamnesis, clinical signs, disease severity, and treat-
ment response, with laboratory findings will enhance the clinical applicability of diagnostic
markers. Validating haematologic parameters alongside novel biomarkers could facilitate the de-
velopment of more sensitive and specific diagnostic and prognostic tools for veterinary babesio-
sis.

Together, these research directions will not only improve diagnostic precision but also deepen
understanding of host-pathogen interactions in canine babesiosis, ultimately advancing animal

health outcomes.
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9 Summary

This study examined haematological alterations in dogs naturally infected with Babesia gibsoni
to identify complete blood count (CBC) parameters with potential diagnostic value. CBC data
from 28 infected and 33 control dogs involved in dog-fighting cases in Hungary were analysed.
Marked differences were observed in red cell and platelet indices, while leukocyte changes were
more variable.

Infected dogs showed a high prevalence of regenerative, macrocytic, and hypochromic anaemia.
Red blood cell (RBC) count, haemoglobin (Hgb), and packed cell volume (PCV) were signif-
icantly lower than in controls, while mean corpuscular volume (MCV), red cell distribution
width (RDW), and haemoglobin distribution width (HDW) were higher. Mean corpuscular
haemoglobin concentration (MCHC) and cellular haemoglobin concentration mean (CHCM)
were decreased. Morphological abnormalities such as anisocytosis and macrocytosis confirmed
active erythroid regeneration.

Platelet indices displayed complex patterns. Although thrombocytopenia was not consistently
significant, platelet counts were generally lower and mean platelet volume (MPV) higher, sug-
gesting increased platelet turnover and compensatory production. Some cases showed non-
regenerative thrombocytopenia, indicating diverse mechanisms underlying platelet changes.
Leukocyte alterations were less pronounced but included significant variations in eosinophil and
basophil counts and the myeloperoxidase index (MPXI), reflecting immune activation. The rel-
ative decrease in neutrophils, with increased lymphocytes and monocytes, suggested a dynamic
immune response potentially linked to infection stage.

Overall, Babesia gibsoni infection significantly affected red cell and platelet parameters, many
of which could aid diagnosis when interpreted with clinical findings. The study’s limited,
breed-restricted sample and incomplete clinical data highlight the need for broader, clinically

integrated research to refine diagnostic criteria for canine babesiosis.
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