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INTRODUCTION 
 
Parasitism is a biological process in which one partner 
(parasite) is dependent upon another host for its physiological 
needs by causing deleterious effects on its health. It is one of 
the major global issues that can encounter every single species 
living on the planet. There are many diseases related to 
ectoparasites that are of zoonotic and economic importance 
like leishmaniasis, babesiosis, hydatidosis and toxoplasmosis 
(Hussain et al. 2021). Babesiosis is an important parasitic 
zoonotic disease that can be very hard to eradicate due to 
stubborn ticks.  
It is the most lethal tick-transmitted disease which is caused by 
haemoparasites of the protozoan genus Babesia, phylum 
Apicomplexa, order Eucoccridiorida, suborder Prioplasmorina, 
and family Babesiidae (Telford et al. 1993; Radostits et al. 2006). 
These are the second most common blood-borne parasites of 
mammals after the trypanosomes (Telford et al. 1993). This 
disease is epidemic in almost all regions of the world, thus 
affecting many species of mammals with a foremost impact on 
cattle and man. After trypanosomes, babesia species are the 
second most abundant species found in the blood of mammals 
and have been reported to infect all kinds of domestic and wild 
animals, including marsupials and humans, as well as some birds 
(Schnittger et al. 2012). This disease is primarily characterized 
by fever, hemolytic anemia with frequent hemoglobinuria, and 
death (Zintl et al. 2003; Bock et al. 2004; Brayton et al. 2007).  
In cattle, babesiosis is mainly caused by ixodid ticks and is majorly 
part of the tropical and sub-tropical climate. Babesia bovis and 
Babesia bigemina are the two most important species in cattle 
that have heavy economic losses in the livestock sector 
(Mosqueda et al. 2012). Parasites usually reproduce in the red 
blood cells and form a pear-shaped appearance called 
piroplasms. Infected erythrocytes may cause cerebral babesiosis 
as the piroplasms travel into the brain capillaries. (Radostits et 
al. 2006). 
Host immune response plays an important role to cease the 
further pathogenesis of babesiosis by doing immune-mediated 
erythrocyte lysis which starts cytokines activation. Eventually, 
this will lead to vasodilation, hypotension, increased capillary 
permeability, endothelial damage vascular stasis, lower blood 
pressure, oedema, and intravascular coagulation (Ahmed 
2002). Infected erythrocytes are usually induced due to the 
presence of piroplasms in capillary beds which cause 

deleterious pathophysiological effects in brain and lung. Hence, 
it will create hemolytic anemia during the infections caused by 
B. bovis (Brown et al. 1999; Bock et al. 2004). 
 
Overview 

 
Babesiosis, commonly known in cattle as tick fever or cattle 
fever which is caused by protozoan parasites belonging to 
genus Babesia. These are intraerythrocytic parasites that cause 
the lysis of red blood cells, leading to anemia, jaundice and 
hemoglobinuria. It may cause severe complications to livestock, 
including production and economic losses (Mosqueda et al. 
2012). The primary source of its transmission is ticks, belonging 
to Rhipicephalus spp., which is a single host tick. The other 
domestic animals are at risk like goats, sheep, pigs, horses, cats, 
and dogs (Ahmed 2002). According to a study, there is an 
association between Babesiosis and rational use of 
antiprotozoal drugs (Rizk et al. 2019). The ecology of area and 
management practice also play important role in disease spread 
(Rizk et al. 2017).  
 
History 
 

Babesia was previously characterized through the host and 
presence of trophozoites in RBCs having different size, shape, 
and quantity of merozoites. On the bases of size, babesia is also 
divided into two groups, one is large, and the other is small. 
Babesia also divided into 5 groups based on piroplasms. The 
host-based division includes babesia from wild rodents, felids, 
canids called microti group and if Babesia from dogs and human 
is called western piroplasms, Duncani group or prototheilerids 
(Criado-Fornelio et al. 2003). 
According to certain studies, unguilibabesids and babesids 
belong to same monophyletic group, on the other hand 
theilerids are divided into three groups (Nakajima et al. 2009). 
Regardless of divisions, multiple research show that the 
organisms now classified as Babesia are polyphyletic (Lack et al. 
2012). There is uncertainty about the real number of species, 
even at the species level, for example, Babesia microti is the 
most common cause of babesiosis in the US, Europe, and Asia 
includes at least four 'named' types US, Munich, Kobe, and 
Hobetsu (Uilenberg 2006). According to many studies, Babesia 
infection is reported from many rodents and mammals 
(Nakajima et al. 2009). 
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The white-footed mouse (Peromyscus leucopus) is the 
principal reservoir of human babesiosis in the US (Stafford et 
al. 1999). It is reported that many rodents have also shown 
babesiosis like meadow volves (Microtus pennsylvanicus), 
short-tailed shrews (Blarina brevicauda), brown rats (Rattus 
norvegicus), Eastern cottontail rabbits (Sylvilagus floridanus) 
(Anderson et al. 1991). By collecting engorged Ixodes (I.) 
scapularis larvae and evaluating the nymphs for B. microti, 
researchers were able to determine reservoir competence for 
a variety of possible hosts. The nymphs had two strains of B. 
microti, one of which was linked to human illnesses, while the 
other was genetically distinct and only found in opossums 
(Didelphis virginiana), raccoons (Procyon lotor), and a solitary 
wood thrush (Hylocichia mustelina). The white-footed mouse 
showed the highest reservoir competence for the B. microti 
strain linked to human illnesses (an average of 29.5 percent of 
ticks were infected), followed by short-tailed shrews and 
eastern chipmunks (averages of 21.9 percent and 17.6 percent, 
respectively) (Hersh et al. 2012). 

 
Prevalence 
 
Babesiosis was reported in the human population in Europe in 
1957 which was caused by B. divergens and it showed that it 
had zoonotic importance (Hunfeld et al. 2008). Some infections 
of babesia go untreated in Sweden, Germany, and US, and after 
serological investigation, antibodies were found against B. 
divergens and B. microti (Hunfeld et al. 2002). In Asia, at least 
four zoonotic Babesia species or genotypes have been 
identified (Kim et al. 2007; Uhnoo et al. 1992). 
B. divergens was responsible for the first human case of 
babesiosis, reported in Croatia. Human instances are usually 
severe, especially in those whom spleen had been removed. It 
has been documented roughly 40 instances, predominantly 
from France, Ireland, and the United Kingdom, with smaller 
occurrences recorded from Sweden, Switzerland, Spain, 
Portugal, and Croatia (Martinot et al. 2011). B. divergens 
infection was also reported in cattle from Europe and Africa 
through a vector, Ixodes ricinus (Zintl et al. 2003). Babesia 
infection was also reported in farmed reindeer (Rangifer 
tarandus) in the UK (Malandrin et al. 2010).  
Babesia divergens, like B. capreoli and two other zoonotic 
Babesia in Europe, use the same vector (B. sp. EU1 and B. 
microti). Infections in I. ricinus have been found in Hungary, 
Austria, Belgium, the Netherlands, Switzerland, Germany, 
Norway, and Estonia (Øines et al. 2012). Some studies also 
show that B. divergens also transmit transovarially (Bonnet et 
al. 2007). 
According to many studies, the infection caused by B. divergens 
is most likely with B. capreoli. Furthermore, unlike B. divergens, 
B. capreoli does not infect gerbils (Malandrin et al. 2010). There 
is a need for more work to validate B. divergence capacity to 
use non-spleenectomized cervids as reservoirs (Zintl et al. 
2011). Various spleenectomized species, including chimps (Pan 
troglodytes), rhesus macaques (Macaca mulatta), laboratory rats, 

roe deer (Capreolus capreolus), fallow deer, red deer (Cervus 
elaphus), European mouflon (Ovis orientalis musimon), and 
domestic sheep, have been found infected with B. divergens 
(Malandrin et al. 2010). 
 
Life cycle 
 

The important species of Babesia which cause Babesiosis in 

cattle include B. bigemina and B. bovis (Smith et al. 1980). The 

most important and widely distributed species in tropical and 

subtropical regions are B. bigemina and B. bovis. Here is the 

life cycle of B. bigemina. 

The life cycle of Babesia spp. comprises of three stages: 

a) Schizogony- in vertebrate host- asexual reproduction stage. 

b) Gametogony- in a tick- takes place in intestinal cells where 

gametes formation and fusion occur. 

c) Sporogony- in the salivary glands of the tick where the 

asexual reproduction occurs and leads to the formation of 

transmittable, infectious sporozoites (Mehlhorn et al. 1998). 

The life cycle starts when the tick takes a blood meal from the 

vertebrate host simply by sucking the blood, the gametes are 

also ingested. These gametes harbor the gut of the tick where 

the fertilization occurs. Furthermore, the process in which the 

gametes fuse is known as gametogony, and it occurs in the 

midgut of the tick (Mehlhorn and Schein 1985). 

The next step is sporogony, in which the sporozoites are 

formed in the salivary glands of the tick by asexual 

reproduction. Moreover, these sporozoites tend to cause the 

infection to enter the final host, which is cattle. These 

sporozoites keep on multiplication in the salivary glands, and a 

stage comes when the gland is full of them (Mehlhorn and 

Schein 1985). 

After that, when the tick takes a blood meal from the final host, 

the sporozoites present in saliva simultaneously find their new 

site of inoculation. This results in the introduction of 

sporozoites into the host circulatory system. These 

merozoites directly infect the red blood cells of the host and 

cause lysis. Furthermore, it is there where schizogony takes 

place (Mehlhorn and Schein 1985). 

The invasion of sporozoites into the host erythrocytes results 

in hemolysis, both intravascular and extravascular. After that, 

there is rapid production of these parasites in the host red 

blood cells, which leads to fever, hemoglobinuria, and 

methemoglobinemia. This condition may be as acute as to 

cause the death of an animal within some days (Mehlhorn and 

Schein 1985). 

During the whole process, the packed cell volume of the animal 

may fall to such a low extent, i.e., below 20%. The main 

consequence of it is anemia which is so fatal and causes 

emaciation, thus causes milk and meat production loss. In 

extreme cases with the immunocompromised animal, death 

may occur (Vishwakarma and Nandini 2019).  

 

Host immune responses 

 

When the bovines get affected with Babesia spp., the protective 

immune response helps them combat their survival. For this 

purpose, both the innate and adaptive immune responses play 

a crucial role according to the animal's age. In young calves, 

innate immunity is seen to do a favor by providing a safeguard 

from the deadly parasite and adaptive immunity in adult and 

vaccinated animals (Kim et al. 2007; Suarez et al. 2019). 

 

In calves 

 

Young calves are at a lower risk of getting this infection than 

adult animals. In young animals, the innate immunity acts by 

activating macrophages, releasing several chemical compounds 

like Nitric Oxide (NO) and Interferon (IFN) (Suarez et al. 2019). 

The young calves have a natural resistance against the Babesial 

infection and can easily survive the exposure whenever they 

face endemic. This process of natural immunity in young calves 
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Fig. 1: Life Cycle of Babesias. 
 

is known as Premunisation. Moreover, the young calves exhibit 

more pronounced innate immune responses than adult ones 

(Suarez et al. 2019). 

 

In adult animals 

 

On the other hand, the adult animals are at a greater risk of 

getting the more acute and fatal form of Babesiosis. There are 

chances that some animals survive this acute form of the 

disease. Those animals become immune by developing chronic 

Babesiosis, thus getting life-long protection (Suarez et al. 2019). 

 

In vaccinated/persistently infected animals 

 

When the animal gets vaccination against this deadly disease, 

the adaptive immune response is shown by macrophages and 

neutralizing antibodies. These neutralizing antibodies, along 

with macrophages, control the parasitemia (Suarez et al. 2019). 

 

Canine, feline, caprine and ovine babesiosis 

 

Along with the cattle, other domestic animals are also at the 

risk of getting Babesiosis like cats, dogs, goats, and sheep. Here 

we will discuss them one by one. 

 

Canine Babesiosis 
 

Babesiosis in canine is primarily caused by apicomplexan 

parasites that are either large (5*2.5mm) or very small 

(2*1.5mm). Babesia canis is further divided into three different 

species such as Babesia canis, Babesia rossi, and Babesia vogeli 

(Kuttler 1980; Schetters 2005). Babesia Coco is a newly 

discovered species of Babesia that is related to canines 

(Birkenheuer et al. 1999; Lehtinen et al. 2008). 

These all species are morphologically identical but have 

prodigious variations in geographic distribution, vector 

specificity, genetic characteristics and the clinical signs they 

persuade in dogs, therefore now widely considered to be 

separate species (Carret 1999).  

Just like the other domestic animals, dogs are at the same risk 

of developing Babesiosis which may lead to spleenomegaly, 

hemolytic anemia, and thrombocytopenia of varying degree. 

The severity of the disease depends on the type of Babesia 

species and the immune status, and the dog's age (Vishwakarma 

and Nandini 2019). 

The important species are, B. canis canis, B. canis rossi, B. canis 

vogeli, B. gibsoni, B. vulpes. Among the three subtypes of B. canis, 

the most virulent form belongs to Southern Africa, Babesia 

canis rossi. The main source of their transmission is by hard 
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ticks, including Rhipicephalus sanguineus, etc. (Vishwakarma and 

Nandini 2019). 

 

Feline Babesiosis 

 

Four small Babesia species causes clinical disease in cats: B. felis, 

B. cati, B. leo and B. microti. B. felis among all is small with 

approximately (0.9*0.7mm) and considered as highly 

pathogenic piroplasm (Greene 2006; Bosman et al. 2007). B. 

cati results in milder clinical disease and morphologically as 

single or paired annular bodies within the erythrocytes (Lopez-

Rebollar et al. 1999). Cats are usually affected by ticks of genus 

Ixodes, Dermacentor, Rhipicephalus, Amblyomma, and 

Haemophysalis and also vectors for transmission (Baneth et al. 

2004). 

Feline babesiosis is mainly the topic of discussion in South 

Africa but rarely in Europe and Asia. It is again the protozoal 

disease that causes severe circulatory diseases in cats. This 

disease is of great veterinary importance where there is high 

prevalence due to its economic losses regarding cats (Penzhorn 

et al. 2020). There are four majors Babesial spp associated with 

feline (Penzhorn et al. 2020) like; B. felis, B. herpailuri, B. 

pantherae and B. cati. The best treatment is available in the form 

of antiprotozoal drugs and supportive therapy. Mortality rates 

range from 15 to 20% in severe cases (Ayoob et al. 2010). 

 

Caprine babesiosis 

 

Goats may develop pre-hepatic jaundice along with Babesiosis. 

The symptoms associated include dyspnea, icteric sclera, 

mucopurulent nasal discharge, diarrhea, bloated abdomen, and 

coffee-colored urine. The animal in this condition is likely to 

develop the conditions like anemia, thrombocytopenia, 

hemoglobinuria, and hypoproteinemia, etc. (Ajith et al. 2017). 

The major Babesia species that can cause caprine babesiosis is 

B. ovis. Proper medical treatment is essential for the survival of 

the animal. If timely diagnosis is not made, the situation may get 

fatal and lead to the animal's death. This may be of significant 

economic loss on a large scale (Ajith et al. 2017). 

 

Ovine Babesiosis 

 

There is evidence of a close relationship between the disease 

and the distribution areas of the tick, Rhipicephalus bursa in 

ovine Babesiosis. Whereas the regions where the humidity 

level is low limit the distribution of vector tick. Packed cell 

volume decreased from 30 to 40% (Yeruham et al. 1998; Razmi 

et al. 2002). 

Moreover, other significant complications during ovine 

Babesiosis include glomerulonephritis, vascular alteration, 

intravascular coagulation syndrome, and liver damage. 

Important species that cause ovine Babesiosis are B. ovis, B. 

motasi (Yeruham et al. 1998). 

 

Treatment of Babesiosis 

 

Anti-babesia drugs play a pivotal role in tick management and 

immunization. These approaches should be carried out in the 

area where the cases are always prevalent. Nowadays 

chemotherapy for prevention and control is emerging (Bork et 

al. 2003). But is always important to diagnose the disease early 

and prompt action should be taken accordingly. New drugs that 

are chemotherapeutic in nature are host friendly and have low 

level of drug toxicity which makes them potent to control the 

disease. (Abou Laila et al. 2010; Mosqueda et al. 2012). 

Furthermore, severe cases of babesiosis need supportive 

therapy to save the life of animals. It may include transfusion of 

blood from a healthy donor, tick repellents, non-steroidal anti-

inflammatory, combination of water and fat-soluble vitamins, 

electrolytes such as dextrose, purgatives, and iron 

supplements. Trypan blue was the first documented drug that 

was used for babesiosis. (Vial et al. 2006; Mosqueda et al. 2012). 

This drug host-specific which means it was only effective for B. 

bigemina infections, however, it was not that potent for B. bovis 

infections. This drug causes discoloration of the carcass that’s 

why it was infrequently used (Kuttler 1980). 

For the treatment of Babesiosis in Europe, several drugs were 

available, like amicarbalide isethionate, quinuronium sulfate, 

and diminazene aceturate. A fourth effective drug was 

introduced in Europe named imidocarb diproprionate, which 

became the drug of choice (Zintl et al. 2003). When the 

experimental trial of imidocarb was made, it was clear that it 

produced a toxic effect when given intravenously. That's why a 

subcutaneous or intramuscular route of administration is 

preferable (Zintl et al. 2003; Vial  et al. 2006).  

Along with the therapeutic effects, there are several side 

effects when high doses are given. These include muscular 

tremors, colic, excessive salivation, coughing, and irritation at 

the site of administration. Imidocarb shows slow action 

compared to quinuronium sulfate, but it is the only babesicide 

that shows consistency in clearing the parasites’ host (Zintl et 

al. 2003). Animals that have encountered acute babesiosis will 

be subjected to blood transfusion that would be helpful for 

them to recover from anemic anoxia. 

 

Commonly used drugs 

 

Imidocarb dipropionate  

 

It is one of the most common babesicide. Over the course of 

the last 20 years, it is used as a treatment and prophylactic 

agent in almost all the animals. It has the potency to wipe out 

all the intracellular parasites related to babesiosis or 

anaplasmosis (Kuttler 1980; Suarez et al. 2011). Mostly it is 

administered by two important routes intramuscular and 

subcutaneous route, intravenous route is not practiced due to 

the high level of toxicity which causes sudden death in animals 

Recommended dose must not exceed 1-3 mg/kg. Many species 

of bovine babesiosis such as B. bigemina, B. bovis, B. divergens, 

and B. caballi (Kuttler 1980).  

 

Mode of action and drug residues  

 

Imidocarb mechanism of action has been proposed to have two 

ways.  

I. Catabolism of polyamines by polyamine oxidase (PAO) as 

bovine serum contains significant levels of PAO. As a result, 

ROI (Reactive oxygen intermediates) are released. So, 

imidocarb causes interference in the function of polyamines 

(Gahl et al. 1982; Johnson et al. 1996). 

II. Imidocarb interfere with the inositol production in the 

erythrocytes which prevent babesia from entering in the 

erythrocytes which causes starvation of the protozoan 

(Mchardy et al. 1986; Mintzer et al. 1988; Baneth 2018). 

Imidocarb residues get into the edible tissues of ruminants after 

a spell of treatment, which causes deleterious effects on the 
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health of humans (Moore et al. 1996; Suarez et al. 2011) 

Imidocarb has the tendency to cross the blood-brain barrier as 

some of the researchers documented that during the first day 

of treatment (Belloli et al. 2006). 

 

Diminazine Aceturate 

 

It is one of the most extensively used anti-trypanosomal agents 

with the efficacy of treating bovine babesiosis and 

Trypanosoma species. Approximately more than six decades 

ago it was first marketed and until today it is extensively (Da 

Silva Oliveira et al. 2015). The recommended dose of 

diminazine ranges from 3 to 5mg/Kg that shows activity against 

B. bigemina, B. bovis, B. caballi, B. gibsoni and B. canis (Birkenheuer 

et al. 1999; Vial et al. 2006; Rashid et al. 2008; Singh et al. 2011). 

Diminazine is highly toxic and having many severe side effects 

with an unknown mechanism (Collett 2000). 

 

Control and Prevention 

 

Tick vector control strategy is best suitable for the eradication 

of Babesia and in the areas where tick control is not feasible 

intensive chemotherapeutic regimes must be adopted. Regular 

inspection of animals and premises for proper usage of tick 

repellent and acaricides could reduce the tick exposure of 

cattle. Acaricidal resistance development of the vector tick 

could be a concern in chemical control strategies (Singh et al. 

2011). 

For the destruction of the ticks and tick habitat ecologically 

desirable environmental modification can be considered. 

Natural endemic stability is unreliable as the sole control 

strategy, as it can be affected by climate, host factors and 

management. 

Monitoring of endemic environment should be concerned 

before:  

• Introduction of immuno-naïve animals  

• Involvement of new species or strains of the disease agent  

• Interruptions in exposure to ticks and disease due to 

changes in climate, host factors, and management 

A strong immunity can be triggered against babesiosis in cattle 

immune system after the first infection with B. bovis, B. 

divergens, or B. bigemina (Baneth 2018). 
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