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Abstract

Canine babesiosis caused by different Babesia species is a protozoal tick-borne
disease with worldwide distribution and global significance. Historically,
Babesia infection in dogs was identified based on the morphologic appearance of
the parasite in the erythrocyte. All large forms of Babesia were designated B.
canis, whereas all small forms of Babesia were considered to be B. gibsoni.
However, the development of molecular methods has demonstrated that addi-
tional Babesia species infect dogs and cause distinct diseases. The geographical
distribution of canine Babesia species and thus the occurrence of babesiosis are
largely dependent on the habitat of relevant tick vector species, with the excep-
tion of B. gibsoni where evidence for dog-to-dog transmission indicates that
infection can be transmitted among fighting dog breeds independently of the
limitations of vector tick infestation. Knowledge of the prevalence and clinico-
pathological aspects of Babesia species infecting dogs around the world is of
epidemiological and medical interest. Babesia infection causes a disease with
clinical manifestations that may vary considerably with the different species and
strains involved and with factors that determine the host response to infection
such as age, individual immune status, and the presence of concurrent infections
or other diseases. Hemolytic anemia with systemic inflammatory responses may
lead to tissue hypoxia and organ dysfunction, which account for the clinical signs
observed in severe canine babesiosis. Babesiosis caused by large Babesia species
is treated with imidocarb dipropionate or diminazene aceturate, while small
Babesia species are more resistant to anti-babesial therapy and often require
treatment with combinations of other drugs such as atovaquone, azithromycin,
and clindamycin. Accurate detection and species recognition are important for
the selection of the correct therapy and predicting the course of disease.
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10.1 Morphology, Life Cycle, and Host-Pathogen Interactions
10.1.1 Morphology

Babesia are tick-borne protozoan parasites that belong to the phylum Apicomplexa,
class Piroplasmea, and order Piroplasmida and infect erythrocytes of domestic and
wild animals and humans. Babesia belong to the Aconoidasida as they lack a conoid
structure in their apical complex in all of their life stages except for the ookinete
stage—in contrast to apicomplexans of the Conoidasida which have a conoid in all
life stages (Mehlhorn et al. 1980). The babesial species that infect dogs are divided
into those that present with relatively large merozoite forms in erythrocytes (5 x 2 pm)
termed large canine Babesia species and those species which have distinctly smaller
merozoite stages (0.3 x 3 pm) termed small canine Babesia species (Table 10.1).
Historically, Babesia infection in dogs was identified based on the morphologic
appearance of the parasite in the erythrocyte, and all large forms of Babesia were
designated B. canis, whereas all small forms of Babesia were considered to be

Table 10.1 Distribution, vectors, and size of the main Babesia species that infect dogs

Typical form of
Geographical Potential or confirmed parasites in
Species distribution vectors Size (pm) blood
B. rossi Southern Africa, Haemaphysalis 2 x5 (large | Two or more
Nigeria, Sudan elliptica forms) pyriform
Haemaphysalis leachi merozoites
B. canis Europe Dermacentor 2 x 5 (large | Two pyriform
reticulatus forms) merozoites
B. vogeli Africa, Asia, R. sanguineus s.1. 2.5%x4.5 Double or single
Europe, north, (large pyriform
central and South forms) merozoites
America,
Australia
Babesia sp. Eastern United Unknown 2 x 6 (large | Ameboid forms,
(Coco) States forms) two pyriform
merozoites
B. gibsoni Southeast Asia, H. longicornis 1 x 3 (small | Frequently
United States, H. bispinosa? forms) individual forms
Australia, Europe | R. sanguineus?
B. conradae United States R. sanguineus s.1.7 03x%x3 Annular, in
(California) (small tetrads,
forms) amoeboid forms
B. vulpes Europe, North Dermacentor 1x2.5 Frequently
(Babesia America reticulatus? (small individual forms
microti-like; Ixodes hexagonus? L. forms)
Theileria ricinus? I. canisuga?
annae) R. sanguineus s.1.7
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B. gibsoni. However, the development of molecular methods has demonstrated that
other genetically distinct Babesia species exist. This division into large and small
species of canine Babesia is not supported by phylogenetic studies. The large Babesia
species Babesia canis, Babesia vogeli, Babesia rossi, and Babesia sp. (Coco) as well
as the small Babesia species B. gibsoni have been placed into a single monophyletic
group, which is sometimes for convenience referred to as true Babesia or Babesia
sensu stricto and corresponds to Clade V as defined in Schnittger et al. (2012). In
contrast, other small Babesia species, Babesia vulpes and Babesia conradae, are
sometimes for convenience referred to as Babesia sensu lato as they place into two
different unrelated monophyletic groups—Babesia vulpes into Clade I as defined by
Schnittger et al. (2012) and Baneth et al. (2015) and Babesia conradae into Clade 11
(Schnittger et al. 2012). Lack et al. (2012) and Schreeg et al. (2016) have confirmed
this phylogenetic classification. Thus, altogether seven canine Babesia species are
currently known to infect canines of which one—Babesia sp. (Coco)—has not yet
been named.

The morphology of the different life stages of canine babesial parasites has been
described in studies using light microscopy and electron microscopy. Most of these
studies focused on Babesia canis—i.e., before this taxon has been later divided into
the large species Babesia vogeli, Babesia rossi, and Babesia canis as known today—
and on Babesia gibsoni, which represents a small Babesia species. The morphology
of the red blood cell stages has been reported in more detail than the morphology of
the tick stages of some canine Babesia species (Kjemtrup et al. 2006).

The life cycle of Babesia species in canines generally includes a trophozoite
stage, which develops immediately after infection of the erythrocyte, and a merozo-
ite stage, which is the result of the asexual division of the trophozoite and the forma-
tion of two pyriform bodies that may further divide within the erythrocyte. Parasites
taken up during the blood meal of the feeding vector tick develop in the tick intestine
into the gamete stage—termed ray body because of its thin projections. Zygotes
formed by fusion of two ray body gametes develop into sporokinetes which are
motile and infect the salivary glands of the tick to form the infective sporozoite stage
or—in Babesia sensu stricto with transovarial transmission—also infect the ovaries
of the tick and are transmitted via the eggs transovarially (Mehlhorn et al. 1994).

Intraerythrocytic B. canis merozoites have an outer pellicle layer consisting of
three membranes, have no conoid, but possess apical and posterior polar rings,
mitochondria, rhoptries, micronemes, subpellicular microtubules, and a membrane-
bound nucleus (Mehlhorn and Schein 1984). Babesia canis merozoites maintain
their structure and size also when grown in culture (Walter et al. 2002). In contrast,
merozoites of small Babesia species such as B. gibsoni and B. conradae may take
on variable forms that consist of four to six shapes (Walter et al. 2002; Radi et al.
2004; Kjemtrup et al. 2006). B. gibsoni may develop in culture differently than in
the host, and its morphology as seen in the blood of infected dogs changes into
larger merozoites that almost fill the entire erythrocyte (Walter et al. 2002).

The ray bodies of B. canis initially develop within erythrocytes in the tick gut
and are spherical, polymorphic, or pyramidal with diameters of about 4—7 pm. They
are characterized by short thornlike projections, which measure about 1.0-1.2 pm in
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length (Mehlhorn and Schein 1984). More developed ray bodies leave the decaying
erythrocytes and possess several raylike projections before they fuse with another
ray body to develop the zygote and sporokinete.

The sporozoites of B. canis measure about 2.5 pm in length. They have a broad
apical pole and a pointed posterior pole and are bound by a pellicle composed of an
outer cell membrane and an inner layer consisting of two membranes. They contain
microtubules and several rhoptries that attach to the apical complex, which dis-
charges proteolytic enzymes that enable the invasion of the parasite into host eryth-
rocytes upon their transmission by the tick saliva (Mehlhorn and Schein 1984).

10.1.2 Life Cycle

10.1.2.1 Transmission by the Vector Tick

Dogs are infected following a tick bite when Babesia sporozoites are injected with
saliva into their skin during the blood meal. In the canine host, parasites attach to
erythrocyte membranes and invade the cell where they form ring-shaped or ameboid
trophozoites. Merogony with asexual replication takes place when the parasite repli-
cates by binary fission within the erythrocyte and forms merozoites observed as pairs
of attached pear-shaped parasites—also termed pyriform bodies—in some Babesia
species (Fig. 10.1). Merozoites may further divide forming eight or more parasites in
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Fig. 10.1 Babesia vogeli merozoites in a canine erythrocyte from the blood of a naturally infected
dog; blood smear stained by May Grunwald Giemsa
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the same host erythrocyte, and eventually the cell disintegrates, and merozoites are
released in the blood to invade new cells. Some merozoites develop to spheroid
forms in erythrocytes considered as gamonts (Mehlhorn and Schein 1984).

Natural transmission of Babesia species usually occurs during an infected tick
bite; however, congenital transplacental infection with passage of the parasite
through the placenta has been documented in some species but is considered rarer
than transmission by tick bite (Fukumoto et al. 2005; Konishi et al. 2008).

The sexual part of the babesial life cycle takes place in the tick. Ticks feeding on
infected blood take up intraerythrocytic parasites, and while most merozoites are
destroyed in the tick, spheroid forms differentiate further in the tick gut into gam-
etes with discrete projections—ray bodies—which associate in couples and fuse to
form zygotes. Zygotes develop into motile sporokinetes, which cross the tick gut
into the hemocoele and migrate to the salivary glands where the infective sporozo-
ites are produced by sporogony (Chauvin et al. 2009). Some species of Babesia
including B. canis have been shown to be infective to animals only up to 2-3 days
after tick attachment (Schein et al. 1979; Mehlhorn and Schein 1984). It is pre-
sumed that the change in temperature or the presence of a blood meal in the tick gut
acts as an activation stimulus for the maturation of the infective sporozoites.

The life cycle of Babesia sp. in the mammalian host takes place exclusively in
erythrocytes, whereas Theileria sp. have a preerythrocytic life stage in leukocytes—
the schizont (Chauvin et al. 2009; Uilenberg 2006). Some Babesia species—Babe-
sia sensu lato—are transmitted transstadially from one developmental tick stage to
another after feeding on the vertebrate host, whereas other Babesia species, Babesia
sensu stricto, are transmitted transovarial through the tick eggs and may therefore be
passed through to the next generation without having to feed on an infected host
(Uilenberg 2006; Chauvin et al. 2009; Schnittger et al. 2012). Furthermore, all
Theileria sensu stricto are transmitted exclusively transstadially.

10.1.2.2 Transmission by Blood Transfusion or Dog-to-Dog Bite

Canine Babesia infection can also be transmitted via transfusion of blood products
from an infected blood donor to a recipient dog. This has been shown for several
canine babesial species including B. gibsoni and B. canis (Freeman et al. 1994;
Stegeman et al. 2003). Babesia species are among the most important pathogens
listed for testing in the blood of canine blood donors by the American college of
Veterinary Internal Medicine and the Association of Veterinary Hematology and
Transfusion Medicine (Wardrop et al. 2005, 2016). In addition to transmission by
blood transfusion, studies have provided evidence that B. gibsoni is likely transmit-
ted directly from dog to dog by bites. This has been especially observed for fighting
dog breeds such as the Pit Bull Terrier and the Tosa (Birkenheuer et al. 2005;
Jefferies et al. 2007; Lee et al. 2009; Yeagley et al. 2009).

10.1.3 Host-Pathogen Interactions

Babesia infection causes a disease with clinical manifestations that may vary con-
siderably between the different species and strains involved as they may have
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different degrees of virulence. Important for the course of infection are also factors
that determine the host immune response to the infection such as age, individual
immune status, and the presence of concurrent infections or other diseases (Irwin
2009). Hemolytic anemia with massive erythrocyte destruction and a systemic
inflammatory response, which may lead to multiple-organ dysfunction syndrome,
account for most of the clinical signs observed in canine babesiosis. The disease
onset is often acute with affected dogs suffering from fever and lethargy.

Acute canine babesiosis is characterized by the induction and increased activity of
a multitude of inflammatory mediators including cytokines, chemokines, and acute
phase proteins. The interaction between these inflammatory mediators, the infective
organism, and the canine host have been studied in both experimental and natural
infection settings with different species of Babesia including B. canis, B. gibsoni,
and B. rossi (Zygner et al. 2014; Brown et al. 2015; Goddard et al. 2016). In some
situations, these interactions may be beneficial to the host, but in others, they may
prove detrimental. A study on dogs naturally infected with B. canis from Poland
found increases of serum tumor necrosis factor alpha (TNF-a) concentration during
canine babesiosis, which were associated with renal failure. The authors concluded
that the increased TNF-a concentration influenced the development of hypotension
and renal failure probably via TNF-a-mediated production of nitric oxide and induc-
tion of vasodilation and hypotension, leading to renal ischemia and hypoxia (Zygner
et al. 2014). Another study that evaluated an experimental B. gibsoni infection of
beagles found that it was associated with marked increases in the concentration of
several cytokines such as TNF-a, granulocyte-macrophage colony-stimulating factor
(GM-CSF), IL-2, IL-6, IL7, and IL-18, which showed a delayed onset that followed
the infection and occurred subsequent to the detection of peripheral parasitemia.
Increases in the levels of the acute phase protein c-reactive protein (CRP) occurred a
few days prior to the detection of parasitemia (Brown et al. 2015). A study on B. rossi
from South Africa investigated cytokines in naturally infected dogs and evaluated
whether their levels were associated with disease outcome. Ninety-seven dogs natu-
rally infected with B. rossi were studied, and 15 healthy dogs were included as con-
trols. IL-10 and monocyte chemotactic protein 1 (MCP-1) concentrations were
significantly elevated for the Babesia-infected dogs compared to the healthy con-
trols. In contrast, the IL-8 concentration was significantly decreased in the Babesia-
infected dogs. Concentrations of IL-6 and MCP-1 were increased in the non-survivor
dogs compared to the survivors. Concentrations of IL-2, IL-6, IL-18, and GM-CSF
were significantly higher in those cases that presented during the more acute stage of
the disease. The result demonstrates a mixed cytokine response in B. rossi infection,
and the authors suggested that an excessive pro-inflammatory response might result
in a poor outcome (Goddard et al. 2016).

Hemolytic anemia in canine babesiosis can be intravascular—within blood ves-
sels—or extravascular, in parenchymal organs of which the spleen plays a major
role. It often presents with a combination of erythrocyte destruction in both loca-
tions. Hemolytic anemia in canine babesiosis is multifactorial and associated with
several mechanisms. It can occur due to direct red blood cell lyses produced by
replicating intracellular parasites or due to the binding of antibodies to the
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erythrocyte cell membrane displaying parasite antigens leading to complement acti-
vation (Adachi et al. 1994, 1995; Carli et al. 2009). Furthermore, hemolytic anemia
can be caused by the production of serum hemolytic factors, the oxidative damage
of erythrocytes, an increased red blood cell phagocytosis, the creation of sphero-
cytes, and a decrease in the osmotic fragility of red blood cells (Onishi et al. 1990;
Makinde and Bobade 1994; Murase et al. 1996; Otsuka et al. 2001, 2002). Antibodies
against red blood cells have been documented in dogs infected with B. gibsoni and
B. vogeli (Adachi et al. 1994; Carli et al. 2009). Intense hemolysis results in hemo-
globinemia, hemoglobinuria, bilirubinemia, and bilirubinuria.

Thrombocytopenia is frequently found in canine babesiosis and may be caused
by immune-mediated mechanisms such as antibodies coating platelets, splenic
sequestration, or coagulatory consumption of platelets from hemolytic or vascular
injury. Thrombocytopenia has been demonstrated in experimental canine babesiosis
caused by B. gibsoni as well as in natural infections with other Babesia species
(Wilkerson et al. 2001; Sikorski et al. 2010; Brown et al. 2015; Eichenberger et al.
2016).

Particular virulence factors encoded by B. rossi have been identified and associated
with the high pathogenic phenotype of this species. A polymorphic phosphoprotein
localized on the cytoplasmic surface of B. rossi-infected red blood cells that has been
named Babesia rossi erythrocyte membrane antigen 1 (BrEMA1) is suspected to be a
virulence factor in B. rossi canine babesiosis (Matjila et al. 2009). The gene that
encodes this protein is not found in other species of Babesia infecting dogs such as B.
canis and B. vogeli. A preliminary study suggests that there are also clinically impor-
tant differences in the virulence between various B. rossi genotypes/strains (Matjila
et al. 2009). Different proportions of the prevalence of genotypes of the BC28 gene—
encoding the major merozoite surface antigens of B. canis—have been found in dif-
ferent regions of Europe. These differences may be related to variable biologic
properties of parasite strains within the same Babesia species (Carcy et al. 2015).

Tissue hypoxia is a severe consequence of canine babesiosis associated with
multiple-organ damage. It has been studied in depth in B. rossi and B. canis infec-
tions (Leisewitz et al. 2001; Jacobson 2006; Mathe et al. 2007). The causes of
hypoxia include anemia, hypotensive shock, vascular stasis by sludging of erythro-
cytes, excessive endogenous production of carbon monoxide, parasitic damage to
hemoglobin, and decreased ability of hemoglobin to offload oxygen in Babesia-
infected dogs (Ayoob et al. 2010). The central nervous system, kidney, and muscle
are the organs most affected by the resultant tissue hypoxia (Jacobson 2006). The
histological changes observed in the kidneys in naturally acquired B. canis infec-
tions included vacuolar-hydropic degeneration, necrosis, and detachment of renal
tubular epithelial cells in the proximal convoluted tubules, while no significant his-
tological changes were seen in the glomeruli (Mathe et al. 2007). Tubular hemoglo-
bin casts and hemoglobin droplets in the renal tubular epithelial cells were more
rarely observed (Mathe et al. 2007).

Tissue hypoxia, hypotensive shock, multiple-organ dysfunction, and high mor-
tality rates have been documented mostly in association with B. rossi infection
(Jacobson 2006; Reyers et al. 1998). Infection with this species may present acutely
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or even as a peracute and fatal syndrome with massive hemolysis, renal failure, and
acid-base abnormalities (Leisewitz et al. 2001; Jacobson 2006). Free oxygen radical
release and mechanisms associated with harmful cytokine effects have been associ-
ated with endothelial damage and increased vascular permeability in canine babe-
siosis. These may result in non-cardiogenic pulmonary edema (Jacobson 2006). B.
rossi infection of dogs can lead to cerebral babesiosis and mortality due to a more
severe consumptive coagulopathy compared to that found in dogs surviving clinical
disease (Jacobson 2006; Goddard et al. 2013).

The spleen has an important function in controlling babesiosis (Homer et al.
2000). Splenectomized and immune-compromised dogs are more susceptible to
infection with Babesia spp. Splenectomized dogs that are experimentally infected
with Babesia spp. rapidly develop parasitemia and clinical disease and may reach
high parasitemia levels (Vercammen et al. 1995). Accordingly, splenectomy is an
important risk factor for the development of natural and potentially fatal babesiosis
in humans and has been documented to be associated with clinical natural canine
babesiosis (Rosner et al. 1984; Camacho et al. 2002; Sikorski et al. 2010).

10.2 Diagnosis and Epidemiology
10.2.1 Diagnosis

The diagnosis of canine babesiosis and detection of Babesia infection are carried
out by several diagnostic techniques ranging from simple microscopy of blood that
can be carried out in field conditions to advanced and very sensitive molecular tech-
niques (Lempereur et al. 2017). Although observation of stained blood smear can
usually distinguish between infection with large or small canine Babesia species,
the morphology of parasites in the blood as observed by light microscopy is not suf-
ficient in separating between the different large canine babesial species and between
the varieties of small species. Another consideration when selecting an appropriate
diagnostic method is that subclinical infection will be often associated with
extremely low parasitemia, and therefore molecular techniques for the detection of
parasite DNA should be preferred over the relatively less sensitive technique of
blood smear microscopy. Canine blood donors or blood transfusion products should
be tested by sensitive PCR detection protocols as parasitemia, if present, is expected
to be low in apparently healthy donors (Solano-Gallego and Baneth 2011).

10.2.1.1 Detection by Light Microscopy

Observation of large or small species of Babesia in stained blood smears has been
the standard for diagnosis for many years. This method is deemed reliable when a
moderate to high parasitemia is present; however, there is not always a correlation
between the level of parasitemia and the severity of clinical signs. Furthermore, the
diagnosis of chronically infected and carrier dogs remains a diagnostic challenge
due to low and often intermittent parasitemia that is frequently difficult to observe
by microscopic evaluation. In those cases, the use of molecular diagnostic assays is
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Fig. 10.2 Babesia vogeli merozoites in dog erythrocytes phagocytosed by a monocyte in the
blood of a naturally infected dog; note also merozoites in a free erythrocyte; blood smear stained
by May Grunwald Giemsa

strongly recommended. Smears made from ear tip or toe nail capillary blood may
be beneficial in exhibiting large form Babesia parasites versus blood from a central
vein (Bohm et al. 2006). A fresh smear is recommended for the accurate diagnosis
of infection. Parasites may be detected in phagocytosed erythrocytes within macro-
phages (Fig. 10.2). Distinguishing between small and between large canine Babesia
species based solely on morphology is not possible, and molecular analysis is
required for speciation.

10.2.1.2 PCR-Based Molecular Detection

PCR is a sensitive and specific diagnostic technique frequently used for the detec-
tion of canine babesiosis and particularly useful for low parasitemia levels and for
the determination of parasite species. A large number of PCR assays and protocols
using a variety of gene targets have been described. Several PCR assays and addi-
tional procedures have been developed and used for the detection of canine babesio-
sis. Real-time PCR techniques have been developed to detect and quantify Babesia
infection in canine blood (Qurollo et al. 2017). PCR-restriction fragment length
polymorphism is also used to separate between canine Babesia species (Carret et al.
1999). A reverse line blotting (RLB) technique in which PCR products are hybrid-
ized to a membrane containing specific probes for the known babesial species and
possibly for other pathogens has been developed for simultaneous detection of piro-
plasm species and coinfections. The RLB confirmed the presence of B. vogeli in
addition to B. rossi in dogs from South Africa (Matjila et al. 2004). In addition, a
high-resolution melting curve quantitative fluorescence resonance energy transfer-
PCR has been developed to discriminate between species based on melting curve
analysis (Wang et al. 2010).
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10.2.1.3 Detection by Serology

Measurement of antibodies reactive with Babesia antigen indicates a past or present
infection. The indirect fluorescent antibody test (IFAT) is the most commonly used
test for canine babesiosis (Vercammen et al. 1995); however, cross-reactivity
between different Babesia species and with other protozoan parasites occurs
(Vercammen et al. 1995; Yamane et al. 1993). Enzyme-linked immunosorbent
assays (ELISA) have been used in research and epidemiologic surveys (Schetters
et al. 1996). The use of recombinant proteins such as the thrombospondin-related
adhesive protein (TRAP) of B. gibsoni has been employed as an alternative for
whole-parasite antigen with good sensitivities and specificities (Goo et al. 2008).
False-negative results are possible in peracute or acute infection. In these cases, the
use of convalescent antibody titers is strongly recommended to confirm acute
infection.

10.2.2 Epidemiology

The geographical distribution of the causative agents and thus the occurrence of
babesiosis are largely dependent on the habitat of their tick vector species, with the
exception of B. gibsoni, where evidence for dog-to-dog transmission between fight-
ing dog breeds independent of the vector tick has been presented (Birkenheuer et al.
2005; Jefferies et al. 2007; Yeagley et al. 2009). Babesia vogeli and B. gibsoni have
a worldwide distribution, whereas B. rossi and B. canis have been mostly restricted
to Africa and Europe, respectively. The unnamed large Babesia species most closely
related to B. bigemina and B. conradae have been reported only from North America,
whereas B. vulpes has been reported in Europe, Asia, and North America (Solano-
Gallego and Baneth 2011).

10.2.2.1 Babesia rossi

Babesia rossi—(Babesia canis rossi) is a large form Babesia species, which has
been described from South Africa as well as from other sub-Saharan African coun-
tries including Sudan and Nigeria (Adamu et al. 2014; Oyamada et al. 2005). Its tick
vectors are Haemaphysalis elliptica and Haemaphysalis leachi, which were thought
to be the same species in the past (Apanaskevich et al. 2007). It is considered the
most virulent large Babesia species that affects dogs.

10.2.2.2 Babesia canis

Babesia canis—(B. canis canis) is a large Babesia mostly prevalent in central and
northern Europe and transmitted by the tick Dermacentor reticulatus. It causes a
moderate to severe disease that often has an acute onset (Zygner et al. 2014;
Eichenberger et al. 2016).

10.2.2.3 Babesia vogeli
Babesia vogeli—(B. canis vogeli) is a large Babesia with a very wide distribution.
It is transmitted by Rhipicephalus sanguineus sensu lato ticks and found mostly in
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tropical and subtropical regions including the Mediterranean basin, the Middle East,
large areas of Asia, Australia, and South, Central, and North America (Solano-
Gallego and Baneth 2011). It can cause subclinical infection or mild to moderate
disease. It may cause a severe illness in young puppies and in greyhounds. Babesia
vogeli-infected dogs often present with coinfections, frequently with Ehrlichia
canis or Hepatozoon canis which are also transmitted by the same tick vector
(Singla et al. 2016).

10.2.2.4 Babesia gibsoni

Babesia gibsoni is a small form Babesia that is endemic in Southeast Asia and
appears to have spread from there to other continents including North and South
America, Australia, and Europe. It is a common and often subclinical cause of
infection in pit bull terriers but can also inflict a severe disease in this as well as in
other dog breeds. It is transmitted by Haemaphysalis longicornis and possibly by H.
bispinosa and R. sanguineus s.1. There is also evidence for its direct transmission by
dog bites (Birkenheuer et al. 2005; Jefferies et al. 2007; Yeagley et al. 2009).

10.2.2.5 Babesia conradae

Babesia conradae is a small Babesia, which has mostly been reported in dogs from
California and appears not to be prevalent outside North America. It was initially
thought to be a strain of B. gibsoni but later found to be a genetically distinct species
causing a severe and potentially fatal disease in dogs. The tick vector of B. conradae
has not been described to date (Kjemtrup et al. 2006).

10.2.2.6 Babesia vulpes

Babesia vulpes described initially as Theileria annae and also termed Babesia
microti-like and Babesia cf. microti is a third small species of Babesia that infects
dogs (Zahler et al. 2000; Baneth et al. 2015). It was initially described from a dog
that originated from Northern Spain and has subsequently been found in other
European countries and in North America (Yeagley et al. 2009; Mir6 et al. 2015).
Babesia vulpes is a common cause of infection of wild red foxes—i.e., Vulpes
vulpes. Although it has been speculated that it is transmitted by the Hedgehog tick
Ixodes hexagonus and/or by Dermacentor reticulatus, there is currently no defini-
tive evidence of its transmission by any of these or by other tick species (Camacho
et al. 2003; Hodzi¢ et al. 2017).

10.2.2.7 Babesia sp. (Coco)

A currently unnamed large form Babesia species was detected for the first time in
North Carolina in a dog under chemotherapy for lymphoma (Birkenheuer et al.
2004). Seven dogs infected with this pathogen were subsequently reported in east-
ern United States. All the dogs presented with immunocompromised conditions
such as splenectomy or chemotherapy due to neoplasia (Sikorski et al. 2010).
Analyses of the 18S rRNA gene of the unnamed large Babesia have revealed a
unique sequence that shared a 93.9% identity with B. bigemina (Birkenheuer et al.
2004).
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10.2.2.8 Rangelia vitalii

Rangelia vitalii is a piroplasm described in dogs in the southeast of Brazil, Uruguay,
and Northern Argentina. This infection causes a disease referred to as Nambiuvii—
i.e., bloody ears. The life cycle of R. vitalii is different from Babesia species because
it has a tissue stage in the cytoplasm of endothelial cells as well as a developmental
phase in blood cells. Piroplasm-like intracellular organisms of R. vitalii have been
described in erythrocytes, monocytes, and neutrophils by observation of stained
blood smears, and it has been reported to be transmitted by the tick Amblyomma
aureolatum. Clinical manifestations are associated with fever, anemia, jaundice,
splenomegaly, lymphadenomegaly, hemorrhage in the gastrointestinal tract, and
persistent bleeding from the nose, oral cavity, and the ear pinna (Franca et al. 2010;
Da Silva et al. 2011; Eiras et al. 2014). It also has been described as a cause of dis-
ease in wild canids in South America (Fredo et al. 2015).

10.3 Clinical Effects, Prevention, and Treatment
10.3.1 Clinical Effects

The clinical manifestations of babesiosis are mainly dependent on the infecting spe-
cies and host-related factors. The main effects of babesiosis are related to anemia,
tissue anoxia, and effect of toxins and inflammatory mediators produced during
infection. Babesiosis due to B. rossi can present with clinical signs similar to those
described for other babesial species such as fever, dehydration, lethargy, pale
mucous membranes, and anorexia or with complicated severe clinical disorders
including acute renal failure with anuria, icterus, hypotension, acute respiratory dis-
tress syndrome (ARDS), vomiting, diarrhea, pancreatitis, myalgia, rhabdomyolysis,
ascites, pulmonary edema, encephalomyelitis, and peracute shock. Dogs with B.
rossi infection may present with mild to severe anemia, thrombocytopenia, leucocy-
tosis, bilirubinemia, pigmenturia, bilirubinuria, hypoglycaemia, acid-base imbal-
ances, azotemia, and hyperlactemia.

The main clinical and clinicopathological findings reported in dogs suffering
from B. canis infection include dehydration, lethargy, anorexia, fever, lethargy and
dehydration with mild to severe thrombocytopenia, hyperfibrinogenemia, mild to
severe anemia, hemolysis, and neutropenia (Adaszek et al. 2009; Eichenberger et al.
2016). Hemoglobinuria has also been described in urinalysis of naturally infected
dogs. Babesia vogeli causes a mild to moderate clinical disease, which often accom-
panies other concomitant diseases or immunosuppressive conditions or affects sple-
nectomized dogs. Severe fatal hemolytic anemia has been reported in puppies. The
most common laboratory findings are regenerative anemia and thrombocytopenia
(Solano-Gallego et al. 2008). The clinicopathological findings in B. gibsoni infec-
tion include fever, regenerative anemia, thrombocytopenia, splenomegaly, lymph-
adenomegaly, hepatomegaly, and lethargy. Babesia conradae infection has been
described as more virulent than B. gibsoni infection resulting in higher parasitemia,
more pronounced anemia, and higher rate of mortality. The clinicopathological
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findings resemble those reported in B. gibsoni infections. The most common clini-
cal findings reported in dogs infected with B. vulpes from the north west of Spain
include fever, lethargy, weakness, azotemia and pigmenturia. Infected dogs had
moderate to severe regenerative anemia and thrombocytopenia (Guitidn et al. 2003;
Mir6 et al. 2015).

10.3.2 Prevention

Prevention of babesiosis is based on acaricidal treatments administered topically,
systematically, orally as chewable tablets, or spread in the environment. Acaricidal
treatments are aimed at reducing the exposure to vector ticks, their bites, and the
transmission of the pathogen to dogs. A variety of products based on commercially
available acaricidal chemicals have been tested for efficacy in the prevention of
babesial infections under experimental or field conditions, and have been licensed
for use in dogs (Solano-Gallego et al. 2016). As Babesia species are transmitted by
blood product transfusions, it is recommended to screen canine blood donors for
Babesia infection on a regular basis (Wardrop et al. 2016). Non-vectorial dog-to-
dog transmission of babesia by fighting can be responsible for the spread of babe-
siosis into previously non-endemic areas. Vaccines against canine Babesia species
are commercially available in some countries in Europe.

10.3.3 Treatment

The differences between Babesia species that infect dogs are also reflected in their
susceptibility to drugs. Accurate detection and species recognition are important for
the selection of the correct therapy and predicting the course of disease. While large
form Babesia species of dogs are usually susceptible to certain drugs, small form
Babesia are often resistant to these drugs, and treatment of their infections requires
the use of other drugs and combinations of drugs. Large Babesia species infections
of dogs are commonly treated with one dose of imidocarb dipropionate at 5—6 mg
per kilogram dog weight intramuscular (IM) or subcutaneously (SC) with good
clinical response and a repeated dose 14 days later. Large Babesia species and
Rangelia vitalii have been reported to respond to diminazene aceturate treatment at
3.5 mg/kg IM once.

Babesia gibsoni and B. conradae infections are often resistant to imidocarb
dipropionate and diminazene aceturate. The treatment of choice for these small
Babesia species is the combination of the antimalarial atovaquone and the macro-
lide azithromycin. The most commonly used dose of atovaquone is 13.5 mg/kg,
administered orally (PO) every 8 h with fatty food to maximize drug absorption, in
combination with azithromycin at 10 mg/kg PO for 10 days. Buparvaquone at 5 mg/
kg IM, 2 days apart in combination with azithromycin at 10 mg/kg PO for 10 days,
has also been studied for the treatment of dogs infected with B. vulpes and found
less effective than the combination of atovaquone and azithromycin (Checa et al.
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2017). Resistance to atovaquone associated with irresponsiveness to treatment has
been described in B. gibsoni in dogs from Japan and Taiwan and results from muta-
tions in the parasite cytochrome b gene (Sakuma et al. 2009; Iguchi et al. 2012; Liu
et al. 2016).

Parasitological cure with complete elimination of the parasite is commonly not
achieved by treatment of small Babesia spp. infections in dogs, and clinical relapses
frequently occur. Medical management of infection may require supportive treat-
ments including blood transfusions, intravenous fluids, and the use of anti-
inflammatory drugs. The prognosis of dogs infected with large forms of Babesia
species and treated with effective drugs is generally good in uncomplicated disease.
Canine disease with small Babesia spp. may be more resistant to treatment and
carry a poorer prognosis. Currently, there are no zoonotic canine Babesia species
known.
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