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INTRODUCTION 

 

Theileriosis, Corridor disease (CD), or East Coast fever (ECF) 

is considered an important tick-borne disease of domestic 

cattle around the world. It is caused by phylum Apicomplexa 

member Theileria (T.) which circulates in bovines and causes 

economic losses to the livestock industry (Ota et al. 2009). 

Certain factors make the differentiation of Theileria with other 

Apicomplexa e.g. do not reside in the parasitophorous vacuole, 

sporozoites are free in host cell cytosol by dissolving the host 

cell membrane and convert into schizonts, non-motile and 

absence of well-developed apical complex like in Plasmodium 

and Toxoplasma (von Schubert et al. 2010). It is the main cause 

of high mortality, morbidity, main constrain in breeding 

development programs, and ultimately results in an economical 

loss (Moumouni et al. 2015; Lew-Tabor and Valle 2016; Kho et 

al. 2017; Hassan et al. 2018; Zeb et al. 2020). Economic losses 

caused by Theileriosis in Sub-Saharan Africa are 300 million 

USD and in India, it is 384.3 million USD per year (Vollmer 

2009; Rajendran and Ray 2014; Mohamed et al. 2018).  

 

Prevalence of Theileriosis  

 

Tick genera involved in the transmission of Theileria sp. are 

Hyalomma (H.), Haemaphysalis (Hae.), Amblyomma (A.), and 

Rhipicephalus (R.) described in Table 1 (Bishop et al., 2004; 

Gharbi and Darghouth 2014). Theileriosis is prevalent all over 

the world froinrope, Asia, the Middle East, and North Africa 

(Bilgic et al. 2010). The global prevalence of Theileriosis is 

mentioned in Table 2.  

 

Theileria Species causing Infection in Animals  

 

Species of Theileria (T.) that infect bovines are T. annulata, T. 

orientalis, T. velifera, T. parva, T. mutans, T. taruortargi, T. sinesis, 

and new species T. yokoyama which is closely related to T. 

annulata (Bishop et al. 2004; Cao et al. 2013; Anupama et al. 

2015; Hasan et al. 2017; Ola-Fadunsin et al. 2017; Sivakumar et 

al. 2019; Niaz et al. 2021). Prevalence of Theileria species is also 

reported in disease-endemic areas of Pakistan and is mostly 

found in the bovine population where it is transmitted by 

Hyalomma anatolicum and its prevalence is reported by different 

researchers in different areas of the country (Durrani and 

Kamal 2008; Durrani et al. 2010; Khattak et al. 2012; Khan et 

al. 2013; Jabbar et al. 2015; Farooqi et al. 2017; Ali et al. 2019; 

Zeb et al. 2019; Zeb et al. 2020; Parveen et al. 2021). Disease 

caused by T. annulate is known as bovine theileriosis and T. 

annulate is known as the most pathogenic species having 

worldwide distribution (Khatoon et al. 2013; Anupama et al. 

2015). Theileria parva is causing the economically most 

important East Coast fever in cattle, especially in Sub-Saharan 

Africa. Another form of the disease is corridor disease caused 

by buffalo-derived T. parva previously known as T. lawrenci 

(Lawrence et al. 2004). In African buffalos, T. parva is not 

associated with clinical disease development but these 

buffaloes play an important role in the epidemiology of the 

disease by acting as a natural reservoir host and infection 

source for ticks especially R. appendiculatus (Latif et al. 2019). 

In cattle buffalo-derived T. parva infection is clinically different 

as compared to East Coast fever e.g. disease course is shorter, 

parasitemia level is also lower, not transmissible from infected 

cattle, a low number of schizont-infected cells, self-limiting 

infection, no carrier state in cattle (Lawrence et al. 2004; 

Mbizeni et al. 2013; Mekata et al. 2018).  

 

Life cycle and Morphology 

 

Their shape varies from round to ovoid (Soulsby 1982). Both 

asexual and sexual life cycle stages are present i.e., merogony, 

sporogony and gametogony respectively and among these 

stages, sporozoites are transmitted to the host with the help 

of a tick vector. Gametogony is present in the midgut of the 

tick and sporogony is present in the salivary gland of ticks while 

merogony is present inside host cells. Merozoites are comma-

shaped or signet ring-like and present inside red blood cells 

(Zaeemi et al. 2011). 

Infection is transferred from the clinically infected hosts to the 

uninfected ticks. Infected tick takes gametocytes from their 

host during blood meal; gametes fuse to make zygotes which 

invade the tick salivary gland with the help of hemolymph. The 

size of ookinetes is large but their amount is lesser. The 

sporogony stage starts when ticks change into a next stage 

and feed on blood then they are transmitted to the host with 

the help of saliva and this is called transstadial transmission.  
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Table 1: Distribution of Theleria sp. with their vector tick species 

Theleria sp. Tick vectors 

T. annulate, T. ovis, T. lestoquardi, T. separate, H.  detritum, H. lusitanicum, H. dromedarii, H. anatolicum 
T. parva, T. taurotragi R. appendiculatus, R. zambeziensis 
T. orientalis, T. sergenti, T. buffeli Haemaphysalis sp. 
T. mutans, T. velifera Amblyomma sp. 

 
Table 2: Global prevalence of Theileriosis  

Species Distribution References 

T. annulate  Pakistan, India, Iraq, Turkey, Egypt, Sudan, Portugal, 
China 

Junlong et al. 2015; Gomes et al. 2016; Ozubek and Aktas, 2017; 
El-Dakhly et al. 2018; Mohammed-Ahmed et al. 2018; Selim et 
al. 2020; Ahmed et al. 2021; Ceylan et al. 2021; Zeb et al. 2022 

T. luwenshuni China, Pakistan, India  Li et al. 2013; Khan et al. 2020; Dhaygude et al. 2021 
T. sinensis China, Thailand, Russia Altangerel et al 2011; Bursakov and Kovalchuk 2019; Agina et 

al. 2020c; Jia et al. 2020; Wang et al. 2021 
T. orientalis Russia, Australia, China, New Zealand, Italy, 

Portugal, Vietnam, Spain, India, Ethiopia, Malaysia, 
Hungary, Korea 

Savini et al. 1998; García-Sanmartín et al. 2006; Eamens et al. 
2013a, b; Bawm et al. 2014; Hornok et al. 2014; Gebrekidan et 
al. 2017; Jia et al. 2020; Ola-Fadunsin et al. 2020 

T. parva   Uganda, Tanzania, Mozambique, Kenya Oura et al. 2011; Kabi et al. 2014; Kerario et al. 2017 
T. ovis Palestine; Syria; Iraq, Turkey, China, Pakistan, 

Tunisia, Spain, Oman, Sudan, Italy, South Africa 
Al-Fahdi et al. 2017; Hussein et al. 2017; Lee et al. 2018; Azmi 
et al. 2019; Remesar et al. 2019; Hassen and Meerkhan 2020; 
Rouatbi et al. 2020; Abid et al. 2021; Wang et al. 2021  Al- 

T. uilenbergi China, Iraq  Renneker et al. 2013; Zhang et al.  2014 
T. lestoquardi Ethiopia, Turkey, China, Pakistan, Iraq, Spain, 

Oman, Sudan, Poland, Syria, Italy  
Nagore et al. 2004; Shayan et al. 2011; Iqbal et al. 2013; 
Renneker et al. 2013 

T. separate Ethiopia, South Africa  Gebrekidan et al. 2014; Berggoetz et al. 2014 

 
Table 3: Suitability of various methods available for detection of theileriosis in livestock population (OIE 2014). 

Method Purpose 

 Population 
freedom 
from 
infection 

Individual animal 
freedom from 
infection before 
movement 

Contribution 
to 
eradication 
policies 

Confirmation 
of clinical cases 

Prevalence of 
infection 
surveillance 

Immune status in 
individual animals or 
populations post-
vaccination 

Agent identification 
Microscopic 
examination 

- +++ - +++ - - 

PCR + ++ ++ +++ + - 
Detection of immune response 
IFAT + +++ ++ - +++ - 
ELISA + + - - + - 

+++ = recommended method; ++ = suitable method; + = can be used; - =  not suitable 

 

Transovarian transmission is absent in Theileria sp (Mehlhorn 
and Schein 1984). Sporozoites convert into schizonts after 

entering the lymphoid cells of the host. Macrophages releases 

merozoites that infect surrounding RBCs and produce four 

daughter cells (Urquhart et al. 1996). 
 

Sheep Theileriosis  
 

Theileriosis in goats and sheep is caused by different species of 

Theileria viz; T. lestoquardi, T. Ovis, and T. Separata, and vectors 

of this protozoa are different species of Amblyomma, 

Haemaphysalis, and Hyalomma around the world (Uilenberg 
2006). Among these T. lestoquardi is the most virulent as 

compared to others (Durrani et al. 2011). 

In goats and sheep, theileriosis is diagnosed by fever, kidney 

and liver dysfunction, splenomegaly, and lymphadenopathy. 

When the animal is under stress then subclinical infections may 

change to clinical infections. A blood smear examination can 
also be used along with clinical signs for the diagnosis of 

Theileriosis. Blood serum can also be used to detect carrier 

animals but with low sensitivity and specificity. For 

confirmatory diagnosis of Theileria molecular techniques like 
PCR have been used (Aydin et al. 2015). 
 

Cattle Theileriosis  
 

Theileriosis is a disease of worldwide importance and causes a 

significant economic loss every year globally. This disease is 

spread by tick vectors and the causative agent is T. annulate 

which is vectored by ticks of the genus Hyalomma. Theileriosis 

is endemic and it poses a huge threat to exotic, crossbred, and 

local breeds.  
 
Clinical Signs and Pathogensis  
 

Clinical signs associated with theileriosis are nasal discharge, 
ocular discharge, high fever, anemia, jaundice, dyspnea, 
leucopenia, lymph node enlargement, emaciation, hematuria, 
petechial hemorrhages on conjunctival mucosa, diarrhea, and 
blood in feces, decrease milk production, abortion, stillbirth 
death due to asphyxia and in case of brain involvement; 
convulsions, profuse salivation, and head pressing (Qayyum et 
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al. 2010; Eamens et al. 2013a, b; Moumouni et al. 2015; Tretina 
et al. 2015). 
Pathogenesis associated with Theileria infection are change in 
hematological factors i.e. complete blood count (CBC) change, 
reduction in packed cell volume (PCV) values, decrease in Hb 
and MCHC concentration, increase in MCV (Somu et al. 2017; 
Lawrence et al. 2018). 
Leukopenia is also included in pathogenesis of theileriosis, 
but it depends upon the species of Theileria (Omer et al. 
2002). Necropsy examination of theileriosis cases has 
demonstrated the p[resence of hemorrhages (petechial, 
ecchymoses) on GIT mucosa along that splenomegaly, 
lymphadenitis, emphysema and oedema are also reported 
(Urquhart et al. 1996). 
 

Diagnosis 

 

Different diagnostic methods are used for theileriosis having 

some merits and demerits, these methods are divided into 3 

main categories i.e. 

A. Conventional methods 

B. Serological methods 

C. Molecular methods  

 

A. Conventional Methods 

 

Conventionally blood smear examination is used for 

Theileriosis diagnosis along with lymph nodes biopsy, but this 

method is not sensitive and cannot be used in carrier animals 

(Bilgic et al. 2010; Hayati et al. 2020). Salivary gland staining by 

methyl green pyronin stain has been used to study the 

prevalence of T. annuata in Hyalomma (Haque et al. 2010). 

Giemsa staining is one of the most commonly used methods to 

detect schizonts in Lymphocytes and piroplasm in RBCs but it 

is less specific, especially in the case of low parasitemia (Shayan 

et al. 2008). Giemsa staining cannot differentiate between T. 

annnulata and other species which are mostly non-pathogenic 

and carrier animals may remain unnoticed. Almeria et al. (2001) 

researched to compare PCR with microscopic examination and 

found that pathogenic and non-pathogenic protozoa cannot be 

differentiated by microscopic examination while on the other 

hand, PCR is an effective tool for the detection of protozoa 

even the quantity of DNA is very low. 

 

B. Serological Methods  

 

Serological methods of examination of parasites depend upon 

the detection of antigen and antibodies relationship. Indirect 

fluorescent antibody (IFA) test and enzyme-linked immune 

sorbent assay (ELISA) are examples of serological methods 

used for the detection of the antibodies against Babesia and 

Theleria spp. (Burridge et al. 1974; Iseki et al. 2010). But they 

are unable to identify the specific species, due to the presence 

of polyclonal antibodies of the whole antigen. Moreover, it 

expresses the disadvantage of cross-reactivity (Burridge et al. 

1974). However, these methods are more sensitive than 

Giemsa’s staining. Serum antibodies produced against 

merozoite antigen are useful for detection purposes, but they 

may produce false positive and negative results on the base of 

cross-reactivity and may lead to weakening the host immunity 

(Ikadai et al. 2002). Moreover, recombinant proteins 

production may also lead to ELISA being used for the detection 

of Theleria sp, such as T. annulata and T. parva in cattle (Gubbles 

et al. 2000), however, its ability to differentiate between 

chronic and acute infection is not up to the mark. 

 

C. Molecular Methods  

 

Highly pathogenic and economically importantprotozoan 

parasite Theleria is present around the world and its detection 

is highly worthful; for their detection molecular techniques 

have been developed including the use of DNA probes and 

PCR (Allsopp et al. 1993; Collins et al. 2002). This technique 

has proved much more sensitive and specific than all the other 

techniques (conventional and serological) being used for the 

detection of Theileria species. Non-conventional methods used 

for the diagnosis of piroplasmosis (Basesiosis and Theileriosis) 

are polymerase chain reaction (PCR), quantitative PCR (qPCR), 

real-time PCR (rt-PCR), reverse line blot hybridization (RLB), 

and LAMP (loop-mediated isothermal amplification) nested 

PCR (Atlay et al. 2008; Liu et al. 2008). The vectorial capacity 

of ticks for theileriosis is very specific and seeking scientific 

attention for a long. Along with the development of disease in 

the host, protozoans also modulate themselves in vectors. 

Theileria is confined to the tick genus Hyalomma and first 

discovered T. annulata was found in H. anatolicum (Liebisch et 

al. 1978). The specificity and sensitivity of molecular methods 

are better as compared to conventional and serological 

methods (Sbaragano et al. 1999; Almeria et al. 2001) more 

specifically in low infectivity (Sbaragano et al. 1999). 18srRNA 

gene was extracted from the DNA of H. marginatum and 

amplified by PCR for confirmation of the presence of T. 

annulate (De Kok et al. 1993). Another species of Hyalomma, 

H. anatolicum have shown the presence of T. lestoquardii 

infesting the sheep and goat in 1988 and T. annulata in the blood 

of cattle and tick vector, and for detection of T. Annulate, the 

membrane surface protein gene was amplified and confirmed 

(Kirvar et al. 2000). T. ovis was found to be carried by R. bursa 

which was detected by PCR (Aktas et al. 2006). In Iran, T. 

leastoquardi and T. ovis were found in the H. anatolicum infesting 

the sheep, detected by amplifying the 18SrRNA and it has 

shown a higher prevalence of T. leastoquardi than T. ovis and 

they both have shown the clinical theileriosis in sheep 

(Namavari et al. 2011). 

Restriction fragment length polymorphism is a modified type of 

PCR (RFLP-PCR) based on the restriction enzyme which has 

shown the simultaneous detection of ovine piroplasmosis in 

tick vectors (Karimi et al. 2012). Another study conducted in 

the North-west part of Iran revealed the Babesia and Theileria 

species infection in sheep and goat populations by screening 

vectors i.e. R. Turanicus and H. anatolicum (Abidgoudarzi 2013). 

Durrani et al. (2011) reported a higher prevalence of T. 

lestoquardi (66.5%) in Hyalomma than T. ovis (65.8%) in 

Rhipicephalus infesting the small ruminant in Pakistan. Various 

studies have been performed on the detection of theileriosis 

and reported the higher prevalence of the disease in endemic 

areas of Pakistan (Khattak et al. 2012; Farooqi et al. 2017; Zeb 

et al. 2019; Parveen et al. 2021). 

 

Control of Theileriosis 

 

The epidemiological investigations converge attention on the 

control of such deadly diseases. Demanded optimization of 

currently available control strategies and design of research-

based novel authentic control strategies. The currently 

available Theileria control strategies are a managemental 
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augmentation of cattle barn, chemotherapeutic control, vector 

control, and immunological control (Mhadhbi et al. 2015; 

Gharbi et al. 2020). Each strategy is effective to some extent 

but has its limitations. Evidence about the resistance status of 

chemotherapeutics used against pathogen and vector are 

increasing. Barn up-gradation and immunological control 

should be prioritized as they are highly sustainable and in line 

with one health approach objective of the World Health 

Organization (WHO), Office International des Epizooties 

(OIE), and Food and Agriculture Organisation (FAO). These 

measures have the best turnover in terms of livestock 

productivity (Gharbi et al. 2011).  

Immunological control of various infectious diseases is the 

most successful strategy and in the case of protozoal disease, a 

few agents are controlled through vaccination including 

theileriosis (Mcallister 2014). For immunological control of 

theileriosis, schizont-based cell culture vaccine was first 

performed in Israel during the 1970s. These cell culture 

vaccines have been produced in Morocco, Tunisia, and Sudan. 

The level of immune protection produced due to these cell 

lines depends on the attenuation level, infected cell culture 

dose, and heterology of the vaccine agent.  

In the case of East coast fever schizont culture vaccine remain 

effective in comparison with tropical theileriosis and against 

them, sporozoite culture-based vaccine with infection 

treatment protocol (ITP) is in use (Nene and Morrison 2016). 

In the ITP, the sporozoite culture of T. parva is injected into 

the animal body in combination with treatment. Production of 

such vaccine is not cost-effective as a large number of animals 

are required for vaccine production and the use of highly 

expensive antibiotics is also demanded. Furthermore, the 

standardization, cryopreservation, and dissemination of such 

vaccines are highly difficult (Bastos et al. 2019). The availability 

of live attenuated organisms is limited to a few countries 

(Shayan and Rahbari 2005).  

The ideology of vaccine production is the production and boost 

up of immunity against a pathogen by inducing the natural 

infection but without the production of clinical disease. Such 

immune responses will be long-lasting for the prevention of 

clinical infection, mortality following natural infection, and 

dispersal of such deadly pathogens among susceptible hosts. 

For effective immunization, various significant factors need to 

be considered including selection and purification of specific 

antigen along with appropriate adjuvant, immunization dosage, 

schedule, and delivery platform. Antigen selection depends on 

the immunogenic activity of antigen: epitope 

immunomodulation, production of neutralizing antibodies, and 

activation of T-cell response (cytotoxic). Adjuvant augments 

the immunomodulatory activity of antigen, prolongs the antigen 

persistence, acts as a co-stimulatory signal, induces local 

inflammatory process, and cytokines-based lymphocyte 

activation. The proinflammatory cytokines including IL-2 and 

IL-12 induce both innate as well as adaptive immune responses 

and promote T-lymphocyte proliferation. The addition of these 

cytokines (along with adjuvant) in subunit vaccines leads to 

immunopotentiator impacts (Preston et al. 1999). Vaccines are 

administered via various routes viz; subcutaneous, 

intramuscular, oral, intranasal, ocular, and in Ovo but the 

selection of these routes depends on the pathogen type, the 

tropism of the cell, and the infection stage. The needle-free and 

controlled release methods are still under research and in the 

developmental stage (Agina et al. 2020a). 

In the case of T. parva, various antigens have been administered 

through different routes for the evaluation of immune-

protective characteristics. The main hurdle in the production 

of subunit vaccines at the global level is the strain genetic 

complexities of the pathogen (Norling et al. 2015), 

polymorphic characteristics of MHC, pathogen biodiversity 

(Hemmink et al. 2018), and cellular immune response 

dominance (Morrison et al. 2015).  

For the production of a new vaccine against theileriosis 

molecular and antigenic properties of Tp9 protein have been 

studied. Tp9 is expressed by both schizonts and sporozoites 

(Bastos et al. 2019). A signal peptide, tissue plasminogen 

activator, was replaced by aTp9 signal peptide to increase the 

production of Tp9 from mammalian cells. A significant quantity 

of interferons was produced from CD4+ T cells in response to 

Tp9 administration. Against Tp9 both cellular and humoral 

responses have been observed. Therefore, Tp9 can be used as 

a vaccine agent against East Coast Fever, and further studies 

are required in this regard (Bastos et al. 2019).  

Production of mucosal antibodies and cellular (CD8+ T cell) 

immune response has been observed following the 

administration of schizont antigens (Tp1 to Tp12) (Morrison et 

al. 2015; Hemmink et al. 2018; Bastos et al. 2019) and 

sporozoite antigens p67 of T. parva (Dobbelaere et al. 1985), 

and sporozoite antigen (SPAG1) of T. annulata (Williamson et 

al. 1989). For clearance of protozoa from the host, the antigen-

based specific immunological response is required. For 

searching for antigens as vaccine candidates, class I MHC 

restricted T-cell recognized antigens were tested. This antigen 

plays a pivotal role in the prevention of sporozoites’ entry into 

host immune cells (Morrison et al. 2015).  

The polymorphic immunodominant molecule (PIM): is a 

structurally complex protozoal protein, that has immunogenic 

attributes, is expressed by both schizont and sporozoite 

developmental stages and helps in the entry of the pathogen 

into immune cells (Philip et al. 2014). PIM is found to be rich in 

proline and glutamine and generate cellular and humoral 

immune responses but the sustainability of such immune 

responses in the long term is yet to be confirmed (Nene et al. 

2016). Similar to PIM immunogenic proteins, T. annulata surface 

protein (TaSP) and T. lestoquardi surface protein (TISP) are also 

found in respective species of Theileria (Schnittger et al. 2002; 

Agina et al. 2020b). These proteins can be used as subunit 

vaccine agents and these vaccines exhibit cross protectivity 

(Knight et al. 1996; Nene and Morrison 2016). The subunit 

vaccine against T. orientlis is ineffective and this might be due to 

pure isolate extraction difficulties and the involvement of 

various genotypes in a single infection (Ivanova et al. 2016).  

The subunit vaccines are effective and a possible solution for 

them is the use of DNA-based vaccine technology. These DNA 

vaccines are effective in case of protection against intracellular 

organisms viz; mycobacteria, herpes simplex virus, and 

protozoa. DNA vaccines eliciting cytokines production are 

effective against theileriosis (Dong et al. 2017). DNA vaccine 

induces cellular immune response through the production of 

cytokines especially T-helper cell one cytokines (IFN, IL-12, 

TNF-α, IL21). These cytokines play a pivotal role in the 

induction of immune response against chronic infection 

(Villarreal et al. 2013). Few cytokines are also used as adjuvants 

along with DNA vaccines such as IL-21 which activates NK-

cells and T-cells. The level of IFN-γ is increased which enhances 

the activity of NK-cells and T-cytotoxic lymphocytes that 

remove pathogen from the host.  
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The ineffectiveness of chemotherapeutic preventive measures 

for theileriosis demanded the immunological control strategies 

implementation. Cell culture of schizont and sporozoites stage 

of the pathogen are effective measures usedfor control but due 

to its higher dosage it can lead to disease beside that it is costly 

and requires specific storage/ transportation facilities. The 

subunit vaccines (p67, TaSP, SPAG, PIM, TISP) have been 

developed against theileriosis but remain unsuccessful due to 

strain diversity, genetic diversity, and MHC restriction variability 

in the host. DNA vaccines that induce cellular immune response 

are found effective in the prevention of theileriosis. 
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