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INTRODUCTION 
 
Tick-borne haemoparasitic protozoa, Piroplasms are 
classified into genera Theileria (T.) and Babesia (B.). 
Piroplasmosis is also known as the cause of Texas fever, 
which is an endemic disease of domestic animals in 
tropical, temperate, and subtropical areas of the world 
(Niu et al. 2012; Aydin et al. 2015; Siddique et al. 2020; Niaz 
et al. 2021). These parasites belong to phylum 
Apicomplexa, family Theileriidae and Babesiidae. They are 
termed as Piroplasms because of their pear-shaped 
morphology (Soulsby 1982; Smith and Wall 2013). 
These parasites are different from Plasmodium sp. due to 
absence of schizogony, characteristic shape, and no 
association with the blood pigment (Cheng 1986; Cox 
1987). Piroplasms are transmitted through tick bite; so, 
their prevalence is directly associated with the prevalence 
of ticks and indirectly with the environmental changes 
that favor the growth and propagation of ticks (Niu et al. 
2012). Piroplasmids have been classified exclusively on 
biological and morphological grounds into 111 Babesia and 
39 Theileria species (Schnittger et al. 2012). 
These organisms were identified first time by Babes (1988) 
in cattle erythrocytes, and later in sheep RBCs, and were 
given the name of Babesia by Starcovici (1983). Later on, 
due to their peculiar shape, they were named Piroplasms, 
which is still in use (Uilenberg 2006). Babesiosis, an 
important tick-borne disease (TBD), affects the tropical and 
sub-tropical countries of the world. Babesiosis is caused by 
organisms of the genus Babesia, which are highly successful 
intracellular parasites, having specialized survival 
mechanism with coevolution with their hosts. So, these 
organisms possess a complex life cycle involving hard ticks 
(definitive hosts) and vertebrates (intermediate hosts) 
(Mehlhorn and Shein 1984). More than 100 Babesia species 
are identified, affecting a wide range of wild and domestic 
animals and occasionally humans. Among these species, the 
spectrum of pathogenicity is quite variable; some are more 
pathogenic, while others are less pathogenic. Identified 
species include B. crassa, B. ovis and B. microti, causing 
ovine babesiosis, B. caballi infecting horses, B. canis and B. 
gibsoni infecting dogs, B. bovis, B. bigemina and B. divergens 
infecting cattle and B. divergens, B. venatorum, B. microti 
and B. duncani associated with human babesiosis (Soulsby 
1982; Radzijevskaja et al. 2008; Hasle et al. 2010; Atif et al. 
2012; Najm et al. 2014; Moumouni et al. 2015; Bhat et al. 
2017; Abdela et al. 2018; Vieria et al. 2019; Siddique et al. 

2020; Neelawala et al. 2021). Figure 1 presents the frequency 
distribution of various species of Babesia in various parts of 
the globe. 
Babesia bovis and B. bigemina are among the major 

causative agents of babesiosis in bovines of the tropical 

and sub-tropical regions and by far the most studied 

agents. In Europe, B. divergens is also associated with 

bovine babesiosis and has been reported as a zoonotic 

pathogen, infecting immunocompromised humans 
(Beugnet and Moreau 2015). Bovine babesiosis is causing 

numerous socio-economic impacts on the beef industry in 

the world (Suarez and Noh 2011). Live vaccines are 

available for babesiosis, but still this disease is poorly 

controlled in some continents and its control is so far, 

unsuccessful, due to climate change that is favoring the 

growth of vector i.e. hard ticks (Acari: Ixodidae), thereby 
increasing its survival and vectorial capacity (Florin-

Christensen et al. 2014; Dantas-Torres et al. 2017; 

Sonenshine 2018). 

Bovine theileriosis or East Coast fever (ECF), caused by 

the genus Theileria, is considered a significant tick-borne 

disease of cattle in tropical and subtropical regions, 
causing significant morbidity and mortality (Ota et al. 

2009; Adjou et al. 2015; Kho et al. 2017; Hassan et al. 2018; 

Mohamed et al. 2018). Theileria parasites are transmitted 

by different genera of the hard ticks, including 

Rhipicephalus, Hyalomma, Haemaphysalis, and 

Amblyomma (Bishop et al. 2004; Kho et al. 2017). Genus 

Theileria possesses certain unique characteristics which 
differentiate its species from other apicomplexan parasites 

e.g., they do not reside in the parasitophorous vacuoles in 

comparison to Toxoplasma and Plasmodium, are non-

motile and lack apical complex (Bishop et al. 2004; von 

Schubert et al. 2010). Theileria species, causing infection in 

livestock population include: T. annulate, T. parva, T. ovis, 
T. lestoquardi, T. separate, T. mutans, T. velifera, and T. 

recondite (Zaeemi et al. 2011; Kumsa et al. 2013; Li et al. 

2014; Aydin et al. 2015; Guo et al. 2018; Remesar et al. 2019; 

Niaz et al. 2021; Roy et al. 2021). Theileria species are 

different from Babesia sp. due to transstadial transmission 

and schizogony inside lymphocytes (Mehlhorn et al. 1994; 

Schnittger et al. 2012). 
The geographical distribution, economic significance, 

pathophysiology, clinical picture and diagnostic 

approaches of babesiosis and theileriosis have been 

discussed below:  
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Babesia 
 
Economic Importance  
 
Bovine babesiosis is considered as an important disease 
from the economical point of view, causing huge 
production losses. Meat and milk production losses due to 
death of animals and convalescence, along with those of 
treatment and immunization costs, add up the economic 
burden. Early diagnosis and effective treatment can 
reduce the mortality rate up to 5% (Uilenberg 2006). 
 
Risk Factors Associated with Babesiosis 
 
Host-related factors 
 
Among cattle breeds, Bos indicus is comparatively more 
resistant to the infection with babesiosis than Bos taurus. 
This observation is considered as a result of an 
evolutionary relationship among Bos indicus, 
Rhipicephalus sp. and Babesia sp. Zebu cattle show higher 
resistance for B. bovis infection as compared to European 
breeds; however, cross-bred cattle occupy an intermediate 
position. Zebu cattle are almost free from the disease due 
to their innate resistance against tick infestation. In 
Australia, the infection caused by B. bigemina is of lower 
pathogenicity as compared to that of B. bovis. Babesia 
bigemina inoculation studies have revealed that Bos 
indicus and B. indicus cross-bred cattle are more resistant 
to babesiosis compared to Bos taurus (Radostits et al. 
2007). 
In cattle, the infectivity of parasites and severity of the 
disease vary with increase in age of the host. Calves from 
the naïve dams are more susceptible to the infection. 
Clinical illness begins from birth and is sustained for up to 
2 months of age during which they develop resistance that 
can persist up to 6 months. Calves from the immune dams 
receive antibodies through colostrum and this immunity 
persists for 3-4 months after birth. Higher infection rate is 
reported in animals of 6-12 months of age. Infection is 
rarely seen in animals older than 5 years. Animals that are 
less than 1 year of age are mostly infected with B. 
bigemina, while animals of above 2 years of age are 
infected with B. bovis. In endemic areas, the average age 
for the calves to become infected is 11 weeks and at this 
stage, mild clinical signs and pathogenesis occur. After 6 
month of age, infected number increases in enzootic 
areas. Serum antibodies are at their lowest level in housed 
cattle in the beginning of spring, when they came out of 
the barn; however, their level gradually increases with 
exposure to the infected ticks. Cattle that are reared for 
breeding and slaughter purposes are susceptible to 
infection in enzootic areas; while in endemic areas, 
indigenous cattle are rarely affected due to the presence of 
natural resistance in youngstock and passive 
immunization through colostrum that is gradually 
replaced with the active immunity. In endemic areas, 
severe cases are due to exposure to the stress during 
parturition, intercurrent disease, and starvation (Gohil et 
al. 2013). 

Environmental factors 
 
Seasonal variations are reported in the prevalence of 
babesiosis, which might be attributable to the seasonal 
fluctuations in the vector population; hence, affect its 
prevalence. Higher surge in incidence of babesiosis 
occurred during the period of peak tick population. 
Among the environmental factors, temperature is the 
most important one because it is directly proportional to 
the tick activity. Other climatic factors, like rainfall and 
humidity, have a limited effect on the disease prevalence. 
In marginal areas, heavy losses have been recorded, as in 
these areas tick population is highly variable. During 
winter, the infection is less, presumably due to decreased 
fecundity of ticks or their death; but, as soon as the 
conducive environment prevails, ticks multiply, resulting 
in increased infection rate in the susceptible hosts 
(Constable et al. 2016). 
 
Pathogen-related factors  
 
Like some other intra-erythrocytic haemoparasites, 
Babesia also evade the host immune response through 
antigenic shift and/or drift mechanisms (Allred and Al-
Khedery 2006). The relationship between Babesia 
sequestration and cytoadherence has been examined and 
different strains/antigenic variants of B. bovis and B. 
bigemina have been reported. In cattle, Babesia infection 
is related to superinfection with some other antigenically 
distinct parasites. Antigenic variations provide a 
temporary respite from immune system of the host and 
prolong the duration of infection. Antigenic variation and 
strain differences usually have no effect on the vaccine, as 
cross-immunity between/among same Babesia 
species/strains provides reasonable protection against 
each another (Hunfeld et al. 2008). 
 
Clinical signs of babesiosis 
 
Clinical picture of babesiosis is presented in Fig. 2. The 
disease course is 3-7 days, with fever of 104°F that can 
persist for several days, followed by depression, weakness, 
inappetence, and loss of movement. Haemoglobinuria, 
also known as red water, is often present and 
characterized by dark red to brown colored urine with 
froth. In advance cases, anemia, jaundice, diarrhea, 
muscle wasting, recumbency, coma, metabolic acidosis 
and tremors are also developed. Severally infected animals 
usually die during the first 24 hours of the disease period. 
In case of severe disease, pregnant cows may undergo 
abortion, and the breeding bulls may suffer from sterility 
for 6-8 weeks. In case of involvement of nervous system 
incoordination, convulsions, and mortality occur. Clinical 
signs of babesiosis include fever, profound anemia, and 
haemoglobinuria lasting up to 3 weeks, and abortion in 
pregnant animals (El-Ashker et al. 2015), while in severe 
cases, death may occur within 24 hours of the infection 
(Radostits et al. 2007). In case of B. divergens infection, 
anal sphincter spasm also occurs, causing the passage of 
faeces with great force, the situation is referred as pipe-
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Fig. 1: Physical map of the world, showing the prevalence of Babesia species in various regions (Source: Altay et al. 2008; Adjou et al. 
2015; Farooqi et al. 2017; Abdela et al. 2018; Adelabu et al. 2020; Zimmermann et al. 2021). 
 

 
 
Fig. 2: Clinical picture of Babesiosis (Source: Modified from Reichel et al. 2013). 
 
stem faeces. However, in case of B. bigemina infection, 
haemoglobinuria is seen earlier, while  fever is not a 
common feature. In acute cases, disease severity is less as 
compared to severe cases, with no cerebral involvement 
and higher recovery rate. Recovered animals remain 
infective for ticks for 4-7 weeks. Direct losses caused by 
bovine babesiosis are meat and milk reduction, ill thrift, 
cost of control measures, abortion, and mortality (Cunha 
2000; Benavides and Sacco 2007).  
 
Pathogenesis and pathophysiology of babesiosis  
 
The complete life cycle of Babesia sp. consists of two 
phases, one occursring in ticks and the other in vertebrate 
hosts. Gametogenesis mainly occurs in the tick gut after 
emergence of the oocyte and fertilization of micro and 
macrogametes. Emerged oocytes invade the epithelial 
cells of midgut and are transformed into kinetes in the 

tick haemolymph. Kinetes can migrate towards 

other tick tissues and ovaries, where they can penetrate 
into the eggs and result in the transovarian transmission. 
Further, these kinetes penetrate the salivary glands, where 
they are transformed into sporozoites. These sporozoites 
are the infective stages for babesiosis and can be injected 
into the blood and sub-cut tissues in the bovine hosts 
through blood-feeding of larval or nymphal stages of the 
hard ticks (Suarez and Noh 2011). 
Injected sporozoites enter into the blood stream and 
penetrate into the red blood cells (RBCs). Terminally-
differentiated RBCs are lacking their genetic information, 
are capable of carbohydrates, proteins, and lipid synthesis 
and provide a safe environment for pathogen due to low 
metabolic activity. Red blood cells are also considered 
ideal sites for most pathogens due to easy access to every 
organ through circulation. While in the case of Babesia-
infection, RBCs are under control of genetic material of 
the pathogen, the latter can control the  activity RBCs by 
introducing genetic information, hence, the parasites are 
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free to control and change the RBCs according to their 
requirements. B. bovis like Plasmodium sp. can modify the 
appearance and composition of Babesia-infected RBCs i.e., 
change in protein and carbohydrate composition and 
permeability, absence of lysosomes, and inability to 
present antigen to the immune system to facilitate 
parasites in masking the immune system (Florin-
Christensen et al. 2000; Allred and Al-Khedery 2006). 
Infected RBCs are also not capable of phagocytosis and 
endocytosis of nutrients. Sexual reproduction takes place 
in vertebrate hosts and merozoites are produced in the 
infected RBCs, which invade neighboring RBCs. In 
comparison to Plasmodium sp., sporozoites of Babesia sp. 
only invade RBCs, considering them as the only target for 

infection in the bovine hosts (Mehlhorn and Shein 1984; 
Cheng 1986; Singh 2008; Chauvin et al. 2009). 
In infected RBCs, rapid division of parasites causes 
destruction of erythrocytes along with acute 
haemoglobinemia, fever and haemoglobinuria, decreased 
packed cell volume (PCV) below 20%, and death in few 
days. Less pathogenic species and resistant hosts are 
contributing factors of the milder form of babesiosis 
characterized by anorexia, fever, and slight jaundice for 
several days. Nervous signs like hyperexcitability and 
incoordination due to clumping of erythrocytes in the 
brain are associated with B. bovis and B. canis infections 
(Suarez et al. 2019). Pathogenesis of Babesia species is 
illustrated in Fig. 3.  

 

 
 
Fig. 3: Pathogenesis of Babesia sp. A= lifecycle events occurring in ticks i.e. sexual reproduction of Babesia; B= lifecycle events occurring in 
host i.e. asexual reproduction; C= pathological changes occurring in host due to Babesia: 1= destruction of RBCs, 2= anemia, 3= clumping 
of RBCs in the vital organs, 4= splenomegaly, 5= myocardial haemorrhages 6= jaundice carcass (Source: Modified from Herenda et al. 
2000). 
 

 
 
Fig. 4: The prevalence of Theileria species in different regions of the world (Source: Jeong et al. 2005; Hussain et al. 2014; Moumouni et 
al. 2015; Hayati et al. 2020; Jia et al. 2020; Zimmermann et al. 2021). 
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Virulence of Babesia species is due to parasite-mediated 
host exploitation and infection-related immunopathology. 
In case of acute infection, the immunocompromised adult 
hosts show exploited and uncontrolled reproduction of 
the parasite, resulting in host RBCs destruction and 
decreased hematocrit values (Brown and Palmer 1999). 
The infected animals show decreased tissue oxygen level 
in vital organs, increased body temperature, haemoglobin 
degradation in the liver, followed by red-coloured urine, 
jaundice due to high level of RBCs degradation, kidney 
damage, and splenomegaly because of overactivity and 
respiratory distress (Wright et al. 1988). Increased 
parasitemia in B. bigemina infection contributes towards 
the trapping of parasites in the spleen and results in 
increased haemoglobin degradation, kidney damage, and 
haematuria, while in B. bovis infection neurological signs 
are present due to clumping of infected RBCs in the 
microvasculature of the brain (Clark and Jacobson 1998). 
The incubation period of B. bovis is 8-15 days; in acute 
cases, animals remain ill and death occurs in 4-8 days. The 
infected animals show multiplication of parasites in 
peripheral and visceral vessels, resulting in clinically 
detectable haemolysis after 7-20 days of incubation. The 
first symptom is the sudden rise in temperature i.e., 106°F 
to 108°F that can persist for a week. Animals become dull 
and lethargic, with loss of appetite. This haemolysis 
results in anemia, haemoglobinuria, and jaundice. 
Moreover, in fatal cases, anoxia also accompanies anemia. 
Destruction of erythrocytes occurs up to 75%. In survived 
animals, ischaemic changes are noted in heart and skeletal 
muscles (Uilenberg 2006). In the case of B. bovis infection, 
vasoactive substances are produced, resulting in 
vasodilation, hypotension, increased vascular 
permeability, shock, disseminated intravascular 
coagulation (DIC), circulatory stasis, and pulmonary 

thrombosis. Susceptibility to Babesia infection decreases 
with age of the hosts; however, the severity of infection 
increases with increase in age e.g. in 5-6 months calves, 
limited clinical signs are observed with B. bovis infection; 
cattle aged 1-2 years show moderate form of the disease, 
while in above 2 years aged cows, severe disease often 
results in fatality. In case of B. bovis, intrauterine infection 
is also reported. Survived animals remain carrier with a 
subclinical infection, which is maintained due to an 
immunogenic balance between protozoa and antibodies 
which can be disturbed by stress during transportation, 
pregnancy and food shortage. Carrier animals remain 
resistant to B. bovis infection for 2 years (Cunha 2000; 
Mohiuddin 2007; Kumar et al. 2009).  
 
Immune responses to Babesia infection 
 
Immunity against Babesia parasites in youngstock, as well 
as in adults, needs strong triggering of innate and adaptive 
immune responses. Persistently infected and/or 
immunized animals can control parasites due to the 
presence of an antigen-specific CD4+ T cells, which 
produce cytokines (interferon gamma; IFN- γ), the latter 
can activate macrophages required for the clearance of 
parasites, and increase neutralizing IgG2 antibody 
production (Brown and Palmer 1999; Homer et al. 2000; 
Brown 2001; Estes and Brown 2002); neutralizing antibody 
IgG2 along with IgG1 provides protection against parasites 
(Mahoney 1986). Still unexplored are the mechanisms 
through which the T-cells are activated and the roles of 
distinct T-cell population in the adaptive immunity. So, a 
quick innate response is required for survival in case of 
acute infection, followed by the production of antibodies 
for the control of infection in persistently-infected and 
vaccinated animals. 

 

 
 
Fig. 5: Clinical picture of theileriosis, A= running eyes, B= petechial haemorrhages on conjunctival mucosa, C= runny nose, D= anaemia, 
E= swelling of lymph nodes, F= emaciation, G= haematuria, H= diarrhea (Sources: Joshi et al. 2016; Reis et al. 2016; Alsaad, 2018). 
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Fig. 6: Pathogenesis of theileriosis and associated changes, A= sexual reproduction of Theileria in tick gut and haemolymph, B= asexual 
development of Theileria in vertebrate hosts including, schizogony, merogony and merozoite’s penetration into the RBCs, C= 
pathological changes: 1= leukopenia, 2= decrease Hb concentration, 3= reduction on PCV, MCHC values, 4= lymphadenitis (Source: 
Herenda et al. 2000). 

 
In acute B. bovis infection, strong innate immune 
response along with pronounced infiltration of large 
leukocytes i.e. macrophages, immature dendritic cells and 
the natural killer (NK) cells, IFN-γ-based activation of 
macrophages, release of metabolites of toxic macrophages 
e.g. nitric oxide (NO) due to priming of the immune cells 
and parasite-derived products, protect the young animals 
(Goff et al. 1998; Brown and Palmer 1999; Brown 2001; Goff 
et al. 2001, 2003, 2010). According to Schneider et al. 
(2011), immune response of young animals showed 
crosstalk between NK and immature DC in the spleen, 
presumably mediated by IL-15. Similarly, Goff et al. (2001) 
studied the immunological arguments for age-related 
resistance in B. bovis infection for young and adult 
animals and reported an increased expression of IFN-γ 
and IL-12 in the spleen of youngstock after 3-6 days and 
inducible nitric oxidase synthase after 7-8 days post-
infection as compared to adult animals. 
Various in vitro studies have shown that release of NO and 
IFN-γ is necessary for parasite clearance and upregulated 
expression of IFN- γ and NO are associated with the 
resistance in youngstock. However, conflicting results 
were reported in in vivo studies about NO release by 
macrophages as a slight growth-inhibitor and not 
associated with the evading of parasites (Gale et al. 1998; 
Shoda et al. 2000; Chauhan 2010). Immunopathological 
effects in immunocompromised hosts are overwhelmed, 
which might be attributable to the lack of parasite 
priming by the immune system and non-specific 
clearance. The severity of pathogenesis is related to the 
over-production of mediators like IL-18, IL-12, TNF-α, IFN-
γ, and late induction of IL-10, causing increased 
inflammatory responses and tissue damage (Goff et al. 
2001, 2002). 
 
Clinical pathology and necropsy findings of 
babesiosis  
 
In clinical cases, severe anaemia, reduction in 
haemoglobin level and reduced RBCs count (3g/dL and 2 
million/ µL, respectively) have been reported. Anemia 

remains at peak level for 9-16 days of the infection. 
Moreover, reduction in platelets and fibrinogen contents 
also occur in clinical cases (Mohiuddin 2007; Singh 2008; 
Stockham and Scott 2008; Chauhan 2010; Constable et al. 
2016). 
At necropsy, jaundice, pale tissues, thin and watery blood, 
dark brown discoloration, hepatomegaly, splenomegaly, 
distended gall bladder with viscous, granular consistency 
of the bile, enlarged and darkened kidneys, and urinary 
bladder containing red-colored urine are observed in 
acute cases. Endocardium and epicardium show 
ecchymotic haemorrhages, with an increased amount of 
the blood-tinged fluid in the pericardial sac. Intravascular 
clotting is also visible on necropsy analysis. In chronic 
cases, absence of haemoglobin and emaciated carcass are 
observed along with other acute findings. For 
confirmatory diagnosis, blood from heart, kidneys, and 
brain in B. bovis infection is used for smear examination. 
Blood should be taken within 8 hours of mortality from 
tissues and 28 hours from the brain for Giemsa staining. 
For direct fluorescent antibody staining, older tissues are 
preferred. Organ smears stored at 72°F are usable till 5 
days after collection, as post-mortem morphometric 
changes rapidly occur in B. bigemina. For serum 
antibodies, serological testing and dead animal’s blood are 
also usable (Stockham and Scott 2008; Constable et al. 
2016). 
 
Diagnosis and identification of Babesia sp. 
 
Diagnosis of babesia is an important component of the 
control program. Different methods are used as given 
below:  
 
Blood smear examination  
 
Diagnosis of babesiosis in infected animals depends upon 
the detection of piroplasms in the stained smears of 
capillary blood, as the venous blood can give false-
negative results. No direct correlation is present between 
the protozoa containing RBCs and disease severity. In case 
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of B. bigemina, numerous piroplasms are observed in the 
peripheral blood, while in B. bovis, less number of 
piroplasms is seen in the peripheral blood and this 
difficulty can be overcome through using thick smears of 
the blood sample. A thick blood smear examination gives 
10 times more sensitive results as compared to thin blood 
smears and can detect a low level of B. bovis. General 
circulation samples showed 20 times less B. bovis in blood 
as compared to capillary blood samples. Microscopy is less 
expensive and rapid tool of detection but has low 
sensitivity and specificity (Mohiuddin 2007). 
 
Transmission test 
 
Inoculation of the infected bovine blood in susceptible 
and splenectomized calves is the most sensitive technique 
for Babesia detection. For this purpose, 50 to 100 mL of 
blood is taken from the infected animal and injected into 
the splenectomized calves through intravenous or 
subcutaneous route. Recipient calves are examined on 
daily basis for the number of protozoa in the blood 
(parasitemia) at the febrile reaction. Carrier cattle are 
difficult to diagnose due to low Piroplasma level in the 
peripheral blood (Chauhan 2010). 
 
Culturing of Babesia  
 
Some Babesia species are identifiable by using in vitro 
culture analyses. Babesia stages can be isolated after 9 
months of acute infection and can be cryopreserved. 
Culture techniques are useful tools for the detailed 
investigations of the parasite (Holman et al 1988; 
Malandrin et al. 2004; Rojas-Martínez et al. 2017). 
 
Molecular methods  
 
Detection of Babesia species through the use of nucleic 
acids (DNA) and their amplification techniques is reliable 
and sensitive. The polymerase chain reaction is used for 
rapid identification of pathogenic species and is a 
comparatively more reliable and sensitive method for 
parasitic identification. DNA probe that can detect low-
level infections, can also detect protozoa in necropsy 
samples and tissues. This method is used in low 
parasitemia and can identify three merozoites per 
reaction, using primers for Babesia small subunit rRNA 
gene. For persistent infections, even if last up to 27 
months in untreated animals and 13 months in treated 
animals, PCR is the most widely used test for 
identification of Babesia species (Krause et al. 1998; Rozej-
Bielicka et al. 2017; Ganzinelli et al. 2020).  
 
Serological methods   
 
Seroassays are commonly used for the detection of sub-
clinical infections in cattle and during surveillance studies 
in herds (Mosqueda et al., 2012). Serological tests are well 
established, but they have some limitations regarding 
specificity and sensitivity. It is also not possible to 
distinguish between current and the past infection on an 

individual basis in sero-assays. Complement fixation test 
(CFT) is commonly used in bovine babesiosis, along with 
other tests under field conditions. The other tests include 
microplate enzyme immunoassay (EIA), passive 
agglutination, latex agglutination, indirect fluorescent 
antibody test (IFAT), capillary agglutination, card 
agglutination, indirect haemagglutination, and slide 
agglutination; these tests show satisfactory results.  
 
Immunofluorescence antibody test (IFAT) 
 
Immunofluorescent antibody test (IFAT) is commonly 
used for differentiation among Babesia species. and 
detection of antibodies in animals. This serological test 
can differentiate B. divergens from other Babesia species 
but it is unable to differentiate B. divergens from B. 
caprolei in the red deer (Vercammen et al. 1995; Geurden 
et al. 2017). 
 
Enzyme linked immuno sorbent assay (ELISA)  
 
In this test, crude detection of IgM antibodies is achieved 
with higher specificity and sensitivity (94% and 100%, 
respectively) from B. bovis antigenic preparations 
(Radostits et al. 2007). Production of the specific IgM 
antibodies against B. bovis infection begins on the 11th day 
of inoculation with an infected tick and on the 19th day of 
the infected blood inoculation. Competitive ELISA 
(cELISA) is also used for the detection of serum antibodies 
in haemoparasites. Gene encoding for B. bovis rhoptry-
associated protein 1 (RAP-1) was used to develop this assay 
and this can be used to differentiate the B. bovis specific 
antibodies-containing animals from uninfected animals 
with high sensitivity and specificity (Radostits et al. 2007; 
Alvarez et al. 2019). 
 
Latex agglutination test (LAT) 
 
It is a simpler, rapid, economical, and relatively sensitive 
test for detecting antibodies against B. equi by using 
recombinant merozoite antigen 1 (RMA-1). The LAT assay 
is a good alternative for IFAT and ELISA with equal 
sensitivity and specificity ratio (Brown et al. 2006).  
 
Differential diagnosis of babesiosis 
 
Babesiosis should be differentially diagnosed from some 
common infections i.e. theileriosis which is clinically 
similar to babesiosis, and can be differentiated throughthe 
laboratory examination. Post parturient haemoglobinuria 
is also clinically similar to babesiosis, but the former is not 
a vector-borne condition and is reported in recently 
calved cows, full lactating animals, and those having low 
phosphorus concentrations in their diets. Blood smear 
examination for parasites is the gold standard i.e. absence 
of protozoa in the blood smear examination is a 
characteristic differential point between these two 
diseases. Babesiosis can also be differentially diagnosed 
from the bacterial haemoglobinuria (characteristic 
necrotic infarction in the diaphragmatic surface of the 
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liver), S-methyl-L-cysteine-sulfoxide (SMCO) poisoning 
(animals grazed on Brassica sp. or other rape crops), and 
leptospirosis (calves kept in unsanitary conditions with 
wet underfoot) (Roberts and Janovy 2009; Constable et al. 
2016). 
 
Babesiosis in humans  
 
Different Babesia species cause diseases in humans. These 
include: B. microti, B. crassa, B. dancani, B. venatorum, 
and B. divergens, KO-1, XXB/Hang Zhou, B. sp. CA1, B. sp. 
CA3, and B. sp. CA4. Human babesiosis is almost reported 
in all parts of the world. Over the past 10 years, survey of 
the diseases is reported as endemic and increase in 
geographic spread of this disease is reported in 
northeastern and mid-western United States (Joseph et al. 
2011; Smith et al. 2014; Stein et al. 2015; Walter et al. 2016; 
Mareedu et al. 2017; Goethert et al. 2018; Scott et al. 2021). 
Increase in the disease prevalence is supposed to be due to 
the increase in white tailed deer, which act as amplifying 
host for Ixodes ticks, the latter are the main vectors of the 
disease. Further, increase in the construction of houses in 
woody areas and availability of better diagnostic facilities 
are also the reasons of reporting more Ixodes-borne 
diseases (Spielman et al. 1985).  
Babesia microti spread started from Southern New 
England to north, south and west but this spread was slow 
as compared to that of Borrelia burgdorferi (Dunn et al. 
2014; Walter et al. 2016). Human babesiosis is also 
widespread in Europe and most important species are B. 
venatorum, B. divergens, and B. microti. Most important 
vector which transmits the disease is cattle tick Ixodes 
ricinus. Around 50 cases were reported from different 
parts of the Europe, including Ireland, Sweden, Portugal, 
Croatia, Poland, Turkey, Spain, Norway, Finland and 
Georgia and these cases were due to B. divergens (Zintl et 
al. 2003; Hunfeld et al. 2008; Gray et al. 2010). In case of B. 
microti, only three cases were reported from Europe and 
among these two were asymptomatic. These B. microti 
cases were reported in Poland and Germany (Hildebrandt 
et al. 2013; Welc-Faleciak et al. 2015). The cases of B. 
venatorum were also reported from different parts of 
Europe and first described as EU-1. Germany, Sweden, 
Austria, and Italy are considered as the most-infected 
areas with B. venatorum (Herwaldt et al. 2003; Hunfeld et 
al. 2008; Gray et al. 2010). 
In Asia, cases of human babesiosis are reported from 
China, Taiwan, Japan and Korea. Species reported from 
Asia include B. venatorum, B. crassa and B. microti. B. 
crassa infection has been reported from Heilongjiang 
province of China (Jia et al. 2018); while infection due to B. 
venatorum is reported from northwestern and 
northeastern China (Sun et al. 2014; Jiang et al. 2015). Case 
of human babesiosis caused by KO-1 was reported in 
Korea (Kim et al. 2007). In India, a case of human 
babesiosis was reported but the precise species was not 
identified (Vannier and Krause 2012). Isolated cases of 
human babesiosis have also been reported from different 
parts of world, including Australia, Mexico, Cuba, Canada, 
and Egypt (Senanayake et al. 2012; Vannier and Krause 

2012; Bullard et al. 2014; Peniche-Lara et al. 2018). 
Recently, Scott et al. (2021) have reported for the first time 
two of the 19 PCR-confirmed (18S rRNA gene) cases of 
human babesiosis (Babesia odocoilei) from Ontario, 
Canada. The symptoms shown by the same subjects 
included fever, chills, fatigue and night sweats. This also 
provided substantial evidence that B. duncani cross-reacts 
with B. odocoilei and that the latter is pathogenic to 
humans. 
 
Theileriosis  
 
Economic importance of theileriosis 
 
Theileriosis, also called as the East coast fever, is 
considered as an important disease causing a great impact 
on the animal production in different regions of the world. 
Severe cases of the disease in exotic and indigenous breeds 
are responsible for huge economic losses in terms of 
reduced milk and meat production, mortality, morbidity, 
treatment cost, and management expenses (Uilenberg 
2006). Almost 1/6 of the world cattle population is at risk 
of theileriosis, with an estimated economic loss of US 
$130,000-598,000 per annum in endemic areas of Turkey 
(Cicek et al. 2009). In Tunisia, most of the losses are in the 
form of milk production in carrier animals (Gharbi et al. 
2011). The prevalence of Theileria species in different 
regions of the world is shown in Fig. 4. 
 
Contributing factors of theileriosis  
 
The most important risk factor in theileriosis is the 
prevalence of ticks in a given area and tick burden per 
animal, with an understanding that only a single infected 
tick can establish a fatal infection. On an average, 
infestation of five ticks per animal will allow sustaining 
endemicity at low infestation rates, 1-4 ticks per animal 
can invite the epidemic, while less than one can cause 
sporadic outbreaks. In endemic areas, infection rate in 
ticks is 1-2% and recovered animals are no longer 
considered sterile. Indigenous cattle breeds and young 
animals are less affected compared to exotic and adult 
animals. Buffaloes are considered as the carriers for the 
East coast fever. Based on the environmental factors, too 
hot and too cold areas are not favorable for the tick 
development and reduce the transmission potential of 
theileriosis by nymphs or adults (De Deken et al. 2007; 
Constable et al. 2016). 
 
Clinical sign of theileriosis  
 
During the first phase, subclinical infection occurs with 
the entry of protozoa and the clinical signs are not 
detectable. In the second phase, regional lymph nodes are 
involved; while in the third phase, lymph nodes 
destruction, leukocytes depletion, and death occur 
(Urquhart et al. 1996). The incubation period for 
theileriosis is 1-3 weeks and depends upon the strain 
virulency, and number of infecting parasites. First clinical 
sign is the lymph node enlargement after 8-16 days of tick 

https://www.sciencedirect.com/topics/medicine-and-dentistry/borrelia
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attachment. After one or two days, there is the onset of 
depression, anorexia, and fever. In later stages, dyspnea, 
nasal and ocular discharge, splenomegaly and lymph 
nodes enlargement occur. Emaciation, recumbence, 
weakness, and death due to asphyxia occur in 7-10 days, 
often with a frothy nasal discharge. Brain involvement is 
occasional and characterized by circling and termed as the 
cerebral theileriosis or turning sickness with tremors, 
convulsions, head pressing, and profuse salivation. The 
clinical symptoms of theileriosis include depression, nasal 
discharge, dyspnea, runny eyes, high fever, weakness, 
anaemia, emaciation, lymph nodes swelling, haematuria, 
petechial haemorrhages on conjunctival mucosa, diarrhea 
and blood in faeces (Shiono et al. 2004; Jeong et al. 2005; 
Islam et al. 2011).  
 
Pathogenesis of theileriosis 
 
Ticks acquire infection through the infected RBCs 
containing piroplasms from the infected cattle, followed 
by the fusion of micro and macrogametes in the tick gut 
and development of kinetes. Kinetes are released into the 
tick haemocoel and sporogony takes place in type III acini 
of the tick salivary glands (Fawcett et al. 1982; Norval et al. 
1992). After 4-8 days of attachment of ticks, 30,000-50,000 
Theileria sporozoites are released from the tick salivary 
glands and enter into the lymphocytes through the zipper 
process (Shaw and Young 1995). Compared to other 
apicomplexan parasites, Theileria sporozoites are non-
motile and oval in shape, having 0.75-1.5 µm diameter, and 
lack a well-developed apical complex (Fawcett et al. 1982; 
Shaw 2003). Within a vertebrate host, sporozoites develop 
into the multinucleated stage (schizonts) and acquire 
metastatic phenotypes, which are mainly responsible for 
pathophysiology of the parasite (Dobbelaere and Heussler 
1999; Shaw 2003; Chauhan 2010). Sporozoites also infect 
the dendritic cells and macrophages and are converted 
into early schizont stage (Shaw et al. 1993). Schizonts 
produce merozoites which are released by the rupture of 
the host cells. Merozoites enter into the neighboring RBCs 
and are converted into the piroplasms, which are infective 
stages for ticks (Shaw and Tilney 1996). A limited number 
of cell divisions take place in piroplasms and anemia 
occurs due to RBCs destruction, but it is not a prominent 
feature of the East coast fever (Cheng 1986; Norval et al. 
1992). 
In Theileria infection, change in the complete blood cell 
count (CBC), decreased PCV, MCHC, Hb concentration, 
and increased MCV are the main haematological changes 
that occur in the host (Çöl and Uslu 2006; Singh 2008; 
Somu et al. 2017; Lawrence et al. 2018). Leukopenia is also 
reported in theileriosis and depends upon the infecting 
Theileria species (Omer et al. 2002). At necropsy, atrophy 
of the cellular content, presence of ecchymoses, petechial 
haemorrhages on the gastrointestinal mucosa, 
lymphadenitis, oedema, splenomegaly, and emphysema 
are reported. Rarely, neurological signs are reported and 
associated with the presence of schizonts in the cerebral 
capillaries (Urquhart et al. 1996). 
 

Immune responses in Theileria infections 
 
In the cases of bovine tropical theileriosis, there is an 
active involvement of innate, as well as adaptive, 
immunity in protecting the cattle. The front line of 
defense is provided by innate immunity by producing 
rapid and non-specific defense with the entrance of 
pathogen in the host (Seitzer and Ahmed 2008). Upon 
entrance of Theileria parasites, cytokines are secreted by 
the macrophages, NK cells, and T lymphocytes which 
modulate interaction among cells of the immune system. 
This interaction enhances the synergy of the NK cells and 
macrophages, and increases IFN-γ level, resulting in the 
activation of macrophages and IL-12 (Fearson and 
Locksley 1996). Adaptive immune response activates 
phagocytic activity of the macrophages and in turn, 
promotes immunity. Similar cytokines are secreted by 
schizont-infected and uninfected macrophages, hence 
affecting the innate and adaptive immunity. So, NK cells 
and CD8+ T cells produce IFN-γ in macrophages. 
Macrophages, in response to this, produce NO, which 
helps in the clearance of infected cells. Natural killer cells 
cause lysis of schizont-infected cells and macrophages 
clear these cells and undergo apoptosis (Preston et al. 
1999). Monocytes and macrophages secrete IL-12, tissue 
necrosis factor alpha (TNF-α), IL-β and other pro-
inflammatory cytokines, which in turn, mediate the acute 
phase protein involvement. These acute phase proteins 
allow the T helper cells (CD4+ T cells) to differentiate and 
form a linkage between innate and adaptive immunity 
(Razavi et al. 2010). Activated T-helper lymphocytes 
secrete IFN-γ and IL-2, which are required for clonal 
expansion of the cytotoxic T cells (Ahmed and Mehlhor 
1999). Host macrophages are stimulated by IFN- γ and 
secrete TNF-α, which inhibits the schizont infected cells 
and provides defense against Theileria pathogen (Preston 
et al.1999).  
Theileria parva antigens block the apoptotic pathways and 
secure parasite survival in the host cells (Heussler et al. 
2001). This can cause changes in the T and B lymphocytes 
through their transformation and harmonize their own 
direction in the host cells. During the mitotic phase of the 
host cells, schizonts attach at the spindle fiber and 
enhance transfer of both daughter cells containing 
schizonts (von Schubert et al. 2010). So, in the case of East 
coast fever, lymphoproliferative mediated parasite 
multiplication takes place (Hayashida et al. 2013). Ability 
of the infected cells to proliferate and avoid apoptosis is 
dependent on the suppression of p53 activity, which is 
primarily used to mediate host cell apoptosis (Haller et al. 
2010). This protein (p53) is a tumor suppressor and in the 
normal conditions, it is present at low levels due to its 
degradation by proteosome enzymes (Vogelstein et al. 
2000; Vogelstein and Kinzler 2004). In stress conditions, 
p53 accumulates and controls cell cycle progress 
(Hayashida et al. 2013). This protein is mainly present 
within the nucleus of the infected cells and is associated 
with the schizonts’ membrane (Haller et al. 2010; 
Hayashida et al. 2013).  
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Immunohistochemical analysis showed an increased 
number of CD163+ macrophages, which in turn cause 
increased secretion of IL-17 in infected cattle (Fry et al. 
2016). A high level of infiltrating CD163+ macrophages is 
associated with poor prognosis (Yang et al. 2015). 
Schizonts-infected lymphocytes produce a higher level of 
IL-17 and ultimately upregulate the expression of CD163+ 
cells (McKeever et al. 1997). Parasite-induced activated 
macrophages challenge the energy trigger and T cell 
apoptosis as an evasion method from immune system of 
the host (Tomioka et al. 2012). Lysis of the infected 
lymphocytes, and erythrocytes results in the release of  
free-iron, pro-inflammatory cytokines, activation of 
CD163+ macrophage response, and necrosis (Fry et al. 
2016). Cytokine IL-17 is associated with the severe 
pathological tissue damages and can be suppressed by 
administrating anti-IL-17 antibodies (Del Cacho et al. 
2014). Major histopathological finding in T. parva infection 
is the histiocytic vasculitis of the small to medium-sized 
lymphatic and blood vessels, which is due to a increased 
level of IL-17 secreting macrophages (CD163+ 
macrophages). Hence, a higher number of macrophages in 
enlarged spleen, liver, lymph nodes, and lungs are 
reported (Fry et al. 2016). Excess cytokines production is 
associated with the pathogenesis of theileriosis (Preston et 
al. 1993; Visser et al. 1995; Forsyth et al. 1997). Therefore, 
schizonts of T. annulata-infected schizonts have the 
ability of the immune subversion and change the immune 
cells into metastatic lymphocyte population. Along with 
cytokines, some other factors like NO and matrix 
metalloproteinases also play important role in suppressing 
the growth and infection outcome of parasitized cells 
(Preston et al. 1999). Cytokine profile of the schizonts-
infected macrophages consists of IFN-α, IL-1α, IL-1β, IL-6, 
IL-10, and TNF-α (Brown et al. 1995).  
 
Clinical pathology and necropsy findings of 
theileriosis 
 
Schizonts are present in circulating lymphocytes and in 
the smear prepared from biopsy of the lymph nodes. 
Piroplasms are easily visible in erythrocytes from day 16 
after infection and their number increases with the stage 
of infection. Levels of intra-erythrocytic piroplasms are 
not related to disease severity. Blood counts 
showleukopenia, minor anaemia, and thrombocytopenia. 
The parasite can grow on lymphoblastoid cells (Singh 
2008; Stockham and Scott 2008; Constable et al. 2016). 
On necropsy, most important lesions are pulmonary 
edema, hydropericardium, hydrothorax, hyperemia, 
emphysema, blocked airways with copious froth and 
emaciated carcass with several haemorrhages in different 
organs and tissues. Enlargement of the liver, spleen, 
kidneys, and lymph nodes are also observed along with 
ulceration of intestines and abomasa. Nodules are usually 
present in kidneys, gastrointestinal tract, and liver. 
Necrosis in lungs, kidneys, lymph nodes, gastrointestinal 
tract, liver and other tissues resembles to that seen in 
lymphoid tumors. Giemsa-stained lymphoblasts show 
presence of schizonts. In case of nervous system 

involvement, lymphoblasts are found clumped in the 
cerebral blood vessels and cause infarction. For 
pathological identification, various organs are examined 
for the presence of gross lesions (Stockham and Scott 
2008; Constable et al. 2016). 
 
Diagnosis and identification of Theileria sp.  

 
Different serological tests are used for the diagnosis of 

theileriasis like indirect hemagglutination (IHA) test, 
indirect immunofluorescent antibody test (IFAT) and 
enzyme-linked immunosorbent assay (ELISA). The most 

commonly used serological test for sero-epidemiological 
studies is ELISA with high sensitivity and specificity 

compared to IFAT (OIE 2008; Chauhan 2010). Polymerase 
chain reaction (PCR) is more sensitive and specific and 

can detect infection in the carrier animals as well. 
Multiplex PCR is used for simultaneous detection of B. 
bigemina, T. annulate, and A. marginale. This is a simple, 

sensitive, and specific test that can be used for 
epidemiological studies (Khattak et al. 2012; Bilgiç et al. 

2013). Theileriosis can be differentially diagnosed from 
babesiosis, anaplasmosis, trypanosomiasis, malignant 
catarrhal fever, bovine viral diarrhea, and rinderpest. Liver 

biopsy and blood examination can be used to confirm a 
clinical diagnosis (Constable et al. 2016). 

 
Theileriosis in humans 

 
No evidence of theileriosis in humans has been reported 
worldwide (OIE, 2020). 
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