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Evidence of new pathogenic Theileria species in dogs
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Abstract Babesiosis, caused by tick-borne haematozoan

organisms of the genus Babesia, is a parasitic disease of

domestic and wild mammals. Canine Babesidae have his-

torically been classified as ‘‘large Babesia’’ (Babesia canis)

and ‘‘small Babesia’’ (Babesia gibsoni) based on the size of

their intraerythrocytic forms. Recent publications, however,

suggest that the diversity of piroplasm species infecting dogs

might be greater than previously appreciated. Sequencing

and phylogenetic analysis of the ssrRNA gene has revealed

that canine piroplasms are found in three clades, ‘true’

Babesia sp. (B. canis and B. gibsoni), Theileria annae and

Theileria-like group (B. conradae). This newly recognised

piroplasm T. annae appears to be hyperendemic in northwest

Spain. The vector for this emergent canine infection remains

undescribed, although the Ixodes hexagonus is suspected

based on their presence upon the dogs in NW Spain and the

relative absence of others. These observations have intro-

duced a major change in the approach to the epidemiology of

babesiosis in dogs. More clinical samples and data will need

to be collected and analyzed to understand the importance of

Theileria species in dogs.
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The spectrum of Babesia pathogens that infect dogs has

been increased in recent years and is gradually being elu-

cidated with the aid of new molecular techniques and

thorough clinical investigations. Accurate detection and

species and subspecies recognition are important for the

selection of the correct therapy and predicting the course of

the disease. Babesia species are often referred to as piro-

plasm, a collective term for phenotypically similar proto-

zoan parasites that utilize mammalian erythrocytes in their

life cycle. The classification of the various Babesias that

infect domestic animals rests mainly on their size, mor-

phology and elements in their life cycles (Mehlhorn and

Schein 1987; Telford and Spielman 1999) and is in a state

of flux. The large piroplasms causing babesiosis in

domestic dogs were generally referred to as ‘‘Babesia

canis’’ until Uilenberg et al. (1989) drew attention to the

fact that there were three separate, vector-specific taxa

involved: B. canis (senso stricto), transmitted by Derma-

centor reticulatus; Babesia vogeli, transmitted by Rhipi-

cephalus sanguineus; and Babesia rossi transmitted by

Haemaphysalis elliptica (previously lumped with Haema-

physalis leachi (Apanaskevich et al. 2007)). B. rossi occurs

only in sub-Saharan Africa and Eastern Sudan (Oyamada

et al. 2005) and is the most virulent species causing either

hemolytic anemia and/or an acute and overwhelming

inflammatory response (Reyers et al. 1998). On the other

hand, B. canis infection is distributed in Europe and Asia,

including India and is capable of causing a wide range of

clinical signs such as lethargy, anorexia, fever, jaundice,

anemia and thrombocytopenia (Boozer and Macintire
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2003). B. vogeli infection is distributed in the Northern and

Southern America (Boozer and Macintire 2003), in Europe

(Duh et al. 2004), in Eastern and South Africa (Matjila

et al. 2004), Australia (Jefferies et al. 2003) and Japan

(Inokuma et al. 2004) and leads to a relatively mild disease,

often without evidence of clinical signs (Caccio et al.

2002).

Small, solitary ring-like parasites with a diameter of

1–3 lm in Romanowsky-stained thin blood smears from

dogs, for example, have routinely been identified as

Babesia gibsoni (Anderson et al. 1979).The distribution of

small babesiae of dogs which are indiscriminately attrib-

uted to Babesia gibsoni includes many countries in Asia as

well as the USA (Anderson et al. 1979), Brazil (Braccini

et al. 1992), Egypt, Nigeria and Mali (Yamane et al. 1993).

Small babesiae cause diseases whose clinical manifesta-

tions in dogs are variable and mainly characterized by

anemia (Groves and Dennis 1972). Other symptoms fre-

quently found with varying strength include fever, leth-

argy, anorexia and spleenomegaly (Tiwari and Varshney

2002). These clinical signs are however, not exclusive to

small babesiae but occur also with a large babesia of dogs

i.e. Babesia canis (Taboada and Merchant 1991).

It was originally assumed that the only small piroplasm

infecting dogs is B. gibsoni. The Babesia gibsoni was first

described by Patton (1910) for pathogens occurring in dogs

in India. This species has a global distribution and infec-

tions have been reported in Asia, Northern Africa, Middle

East, United States, Australia, Brazil and Europe (Jefferies

et al. 2003; Zahler et al. 2000a; Criado-Fornelio et al.

2003a; Varshney et al. 2003, 2004, 2008; Trapp et al. 2006;

Hartelt et al. 2007). Recent molecular researches have

shown that Californian isolate of small Babesia is geno-

typically and phenotypically different from the B. gibsoni

group and has thus been named Babesia conradae

(Kjemtrup et al. 2006).

Using molecular characterization, several other small

piroplasms have been detected in dogs. Zahler et al.

(2000b) performed the genotypic characterization of small

piroplasms found in the blood of a dog which was suffering

from signs of clinical babesiosis, including apathy, fever

and anemia and showing small ring-shaped bodies of

1–2 lm, never more than one per erythrocyte. Pairwise

identities as well as, distance, parsimony and maximum

likelyhood analysis of the 18S rDNA demonstrated that this

isolate was only distantly related to other canine piro-

plasms characterized genetically so far, including B. gib-

soni. It was more closely related to the genus Theileria and

was named as Theileria annae (Fig. 1). In another

exhaustive study including 62 dogs of Spain, Garcia (2006)

found that severe regenerative anemia and thrombocyto-

penia were almost constant characteristic of infection with

T. annae. Many cases were azotemic. Abnormally high

serum concentrations of urea and creatinine, together with

elevated concentrations of inorganic phosphorus, hypoal-

buminemia, hypercholesterolemia, high protein/creatinine

and presence of hyaline and granular casts in the micro-

scopic examination of urine sediment suggested a glo-

merular component to the disease while hepatic

dysfunction was not a common finding. Unfortunately

neither urine specific gravity nor urine osmolality was

reported in these dogs, but elevated urine proteine:creati-

nine ratios, hypoalbuminaemia and hypercholesterolaemia

in affected dogs led to the authors to suggest that glo-

merular injury was occurring and that renal failure was

most likely a feature of Theileria annae infection. The

level of parasitemia was low and not statistically related to

the severity of the anemia. Small piroplasm species have

been also described in Hungary and Italy based on

microscopic observations (Casapulla et al. 1998; Farkas

et al. 2004) but since genetic characterization was not

attempted, the identity of the parasite species remained

unknown.

In South Africa, Matjila et al. (2008) examined some

dogs with an immune mediated condition with severe

thrombocytopenia and detected Theileria species in one

sample from Pietermaritzburg and samples from Onder-

stepoort Veterinary Academic Hospital (OVAH) by PCR in

blood samples. Smear examination of three OVAH sample

did not show any piroplasms, but may have been under the

detection limits for routine light microscopy as often

encountered in T. annae infections (Garcia 2006).

Although pathophysiology of the detected Theileria sp. in

dogs is unknown, it is apparent from a few cases described

here that anaemia (possibly hemolytic), splenomegaly and

a possible immune mediated syndrome may be associated

with this organism. Similar clinical signs were observed in

T. annae infection including hematological disorders such

Fig. 1 Giemsa-stained thin-smear blood film showing erythrocytes

parasitized by Theileria annae piroplasms (Courtesy: Garcia, 2006)
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as thrombocytopenia which is a common finding in

absence of Ehrlichia infection in 75% of dogs infected with

T. annae (Garcia 2006).

Other Theileria species that have been reported from

dogs are Theileria annulata (Criado et al. 2006) and

Theileria equi (Criado-Fornelio et al. 2003b). T. annulata

was detected from an asymptomatic dog (Criado et al.

2006), where as T. equi was detected from three asymp-

tomatic dogs and one symptomatic dog (Criado-Fornelio

et al. 2003b). Beck et al. (2009) on the basis of PCR and

sequence analysis of a fragment of the ssrRNA gene found

3.42% prevalence of Babesia species in asymptomatic

dogs. In the group of symptomatic dogs in Croatia which

were all positive by PCR, B. canis was the predominant

species (69%) followed by B. gibsoni (21%), B. vogeli

(7%) and T. annae (3%).

Ixodes hexagonus has been proposed as the vector of

T. annae in NW Spain, the first area where the condition

has been reported to be endemic among the canine popu-

lation (Camacho et al. 2003). Since this tick species is not

known to occur in Croatia, additional studies are needed to

identify other potential vectors of T. annae. Beck et al.

(2009) detected two equine piroplasms, T. equi and B.

caballi, in two symptomatic dogs. T. equi and B. caballi are

transmitted by a number of tick species within the genera

Boophilus, Hyalomma, Dermacentor and Rhipicephalus.

All of these vectors, except Boophilus, have been recorded

in Croatia and this suggests a potential role of Dermacentor

and Rhipicephalus sp. as vectors. However, Rhipicephalus

sanguineous seldom bites hosts other than dogs and thus

their role in the transmission of these pathogens from

horses to dogs in nature is probably minor (Dantas-Torres

2008).

Although Goethert and Telford (2003) questioned the

use of Theileria as a genus name since evidence was not

presented by Zahler et al. (2000) for a preerythrocytic or

lymphocyte-infecting stage, nor was there any evidence for

the absence of transovarial transmission in ticks. The

provisional assignment to the genus Theileria reflects a

controversial argument by some parasitologists working

with piroplasms that the small Babesia should be removed

from the genus Babesia (Guitián et al. 2003). It is not

known whether biological characters classify them as

Theileria or Babesia, although phylogenetic analysis indi-

cated their affiliations to the genus Theileria. In the light of

above reports based on molecular tools (PCR and sequence

analysis), new micro organism has been added to the list of

haemoprotozoans infecting dogs. There is paucity of robust

evidence regarding the efficacy of drugs that can be used

against this species. Drug trials against this species in dogs

are scarce. There is only one report of using imidocarb

dipropionate @ 4 mg/kg body weight subcutaneously but

unfortunately that dog died (Camacho et al. 2002).

Buparvaquone like compounds can be tried as these are

effective against Theileria sp. in other animals but to our

knowledge there is no such published report till date of its

use for Theileria sp. in dogs. Efficacy only on the basis of

improvement of clinical signs and clearance from blood

films is not sufficient but absence of parasite DNA from

blood as well as tissues tested by PCR can be sufficient

evidence of cure.

The relationship between parasite species and clinical

signs, morphological characteristics and drug trials against

the infection in dogs deserves further investigation as

babesiosis in dogs is being increasingly diagnosed in India

on the basis of cytological examination of peripheral blood

smears. This new species of piroplasm will almost certainly

be described and the geographical range of established

piroplasm will expand due to international movements of

dogs and expansion over vector tick habitats. The chal-

lenges for the researchers are to provide practitioners with

readily accessible and accurate diagnostic tools, safer and

more efficacious drugs against the parasite. As babesiosis is

a zoonotic infection, a description of both epidemiological

and clinical features of this infection is of paramount

importance for both human and veterinary parasitology.
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