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Abstract Theileriosis is caused by Theileria spp. Parasites which transmitted by various 

species of ticks including Amblyomma, Haemaphysalis, Hyalomma and Rhipicephalus. This 

pathogen can be found in red blood cells and white blood cells of farmed animals, including 

cattle, buffaloes, goats and sheep. Theileria spp. leads to a high morbidity in small ruminants, 

economic loss in agricultural production and time spent on infection prevention. It is necessary 

to detect the infection in a farm, as there are generally no clearly recognisable clinical signs. 

Our results revealed that infected animals displayed 230 bp DNA fragments, which is the 

length of the V4 region of the 18S rRNA gene of Theileria spp.  The overall prevalence of 

Theileria spp. in ruminants farmed in Sa Kaeo Province, the border between Thailand and 

Cambodia, was 9% (29/314). The prevalence of Theileria spp. in meat cattle (6%), 

buffaloes(6%), meat goats (6%) and crossbred meat sheep (6%).  It was also found that the 

prevalence of Theileria spp. was linked to neither species nor gender (p>0.05). Polymerase 

Chain Reaction was used to analyse Theileria spp. since it is very sensitive, specific and fast. 

Our analysis can be used to prevent and control the spread of Theileria infection in ruminants. 

Furthermore, this information may guide implemention of a policy on animal movement within 

the border regions. 
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Introduction 
 

Theileriosis is caused by Theileria spp. belonging to the family 

Theileriidae. Theileria is transmitted by various ticks, including Amblyomma, 

Haemaphysalis, Hyalomma and Rhipicephalus (Mans et al., 2015). These 

Ixodid ticks have complex life cycles in both vertebrate and invertebrate hosts.  

Theileria is a single cell intracellular protozoa which has several forms in 

round, oval or rod shaped. Theileria undergoes exoerythrocytic merogony in 

lymphocytes, histiocytes, erythroblasts and other cells of internal organs. 
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Theileria infects both domestic and wild ruminants, including cattle, buffalos, 

sheep and goats. Some Theileria are pathogenic strains, e.g. T. parva and T. 

annulata, which cause acute lymphoproliferative diseases in cattle, resulting in 

high morbidity. Others are non-pathogenic, e.g. T. sergenti, T. buffeli, T. 

orientalis (Uilenberg, 1981; Fujisaki et al., 1994; Chansiri et al., 1999). 

Theileria can cause East Coast Fever (ECF) and tropical theileriosis in cattle 

and malignant ovine theileriosis in sheep and goats. There have been several 

studies of the spread of Theileria spp. in many ruminants, e.g. beef cattle 

(Moumouni et al., 2015), dairy cattle (Pulforda et al., 2016), buffaloes 

(Altangerel et al., 2011; Chaisi et al., 2011), horses (Moretti et al., 2010), deer 

(Chae et al., 1999; Hana et al., 2009) and goats and sheep (Cao et al., 2013; 

Irshad et al., 2010). 

 In Thailand, Theileria was detected for the first time in 1971 in Thai 

native cattle in the southern part of the country (Aranyakanon, 1971). Several 

years later, it was found in dairy cattle in central Thailand (Jittapalapong and 

Leowijuk, 1988). 

 Theileria infections cause health problems in farmed animals, leading to 

significant economic loss, since they do not display clear signs of infection by 

this pathogen. Observing the symptoms of infected animals is not only difficult, 

but it is also inaccurate. Hence, specialists are required. Blood parasites are 

diagnosed by a combination of clinical examinations and appropriate laboratory 

testing. Theileria spp. can be investigated by checking for Theileria parasites in 

Giemsa-stained blood smears: this is inexpensive, but requires specialists. 

However, the pathogens are usually found in the blood of the animals, when 

they are acutely infected. Detection by molecular techniques appears to be a 

more effective method, since genomic material of the parasites can be detected: 

these techniques are very sensitive and specific, but also fast. A key advantage 

is that it is able to detect the pathogens in carriers, because they harbour only 

small numbers of pathogens and show no clinical signs, making it is generally 

difficult to detect the pathogens by other methods. 

The present study was designed to assess the prevalence of Theileria spp. 

in ruminants, showing no clinical signs for Theileriosis, farmed in several areas 

in Sa Kaeo Province, Thailand (13°49’14”_N_102°03’32”_E_) which borders 

Cambodia. The gateway to Cambodia is extensively used by international 

commercial transport and tourism. Many animals are exchanged between 

countries in this area, so it is vital to detect the presence of the pathogen at the 

border, prior to an uncontrolled spread of the infection to other areas. Early 

detection is essential for controlling infections, within a herd, and it can prevent 

further spread to other areas. Moreover, associated risk factors should be 
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studied whether gender or species of the ruminants may have an influence on 

the infection of Theileria spp.  

  

Materials and methods 
 

Blood sample collection and analysis 
 

Blood samples were collected from 314 ruminants, without clinical signs 

for Theileriosis, from randomly selected herds in several areas in Sa Kaeo 

Province, during summer, March-May, 2020. Blood was taken from jugular 

vein of 64 beef cattle (28 females and 36 males), 49 buffaloes (20 female and 

29 male), 110 meat goats (72 females and 38 males) and 91 crossbred meat 

sheep (29 females and 62 males). The cows and buffaloes were older than 2 

years. The meat goats weighed between 30 and 60 kg, and the sheep weighed 

from 15 to 25 kg. The blood samples were collected in the tubes, with Ethylene 

Diamine Tetra-acetic Acid (EDTA). to prevent blood clotting and they were 

stored at -20 °C, until DNA was extracted, using acid phenol extraction 

(Chomczynsky and Sacchi, 1987), then the V4 region of the 18S rRNA gene 

was amplified using a Theileria genus specific primer. The PCR amplification 

of the forward primer (5’-GGTAATTCCAGCTCCAATAG-3’) and the reverse 

primer (5’-ACCAACAAAATAGAACCAAAGTC-3’) was carried out in a 

total volume of 100 ml. The final reaction conditions were 10 ml DNA 

templates, 10 ml buffer (20 mM Tris-HCl (pH8.4), 50 mM KCl), 20 mM 

dNTPs, 200 mM MgCl2, 0.5 picomoles of sense and anti-sense primer and 5.0 

Unit DNA polymerase (Invitrogenâ, USA). PCR used a Primus 96 plus 

thermocycler. Initially, the DNA templates were denatured (94 °C, 4 min). 

Then the 35 PCR cycles followed, with each cycle having three steps - 

denaturation (94 °C, 45 sec), annealing (51 °C, 45 sec) and extension (72 °C, 

45 sec). Then a final terminal extension step followed (72 °C, 10 min) to ensure 

a high yield of PCR products. The products were then analysed by agarose gel 

electrophoresis (potential difference 100 V, 30 min) with the RedSafe
TM 

dye 

added and visualised under UV light. The DNA marker used to match the PCR 

products was 50 ng 100 bp DNA ladder (Invitogent
TM

).  

  

Evaluation of the prevalence of Theileria spp.  
 

For all samples, the V4 region of the 18S rRNA gene was amplified, 

revealing the expected DNA ~230 bp fragments. A positive result indicated the 

presence of Theileria DNA in the sample. The prevalence of Theileria spp. in 

cows, buffaloes, goats and sheep was then calculated, and reported as a 
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percentage. A 
2
 test determined whether the prevalence was associated with 

the species and gender of the ruminants. 

 

Results 
 

Molecular analysis of Theileria spp. 
 

314 blood samples from healthy ruminants with no signs of disease were 

examined. For the infected animals, DNA fragments of 200-300 bp were 

detected in agarose gel (Figure 1 and Figure 2). 

 

 
 

Figure 1. Analysis of PCR products of the 18S rRNA gene of Theileria spp. 

from cattle and buffalo on agarose. Lanes 1 and 9 = DNA marker (100 bp), 

lanes 2 and 10 = positive control, lanes 3 and 11 = negative control, lanes 4-8 = 

PCR products of cattle samples and lanes 12-14 = PCR products of buffalo 

samples 

 

Prevalence of Theileria in ruminants and associated risk factors 

 

The prevalence of Theileria was in cows (6%), buffaloes (6%), goats 

(14%) and sheep (6%) (Table1). The overall prevalence of Theileria spp. in 

ruminants was 9%. Neither species nor gender was associated with Theileria 

prevalence (Table 2). 
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Figure 2. Analysis of PCR products of the 18S rRNA gene of Theileria spp. 

from goat and sheep. Lane 1 = DNA marker (100 bp), lane 2 = negative control, 

lane 3 = positive control, lanes 4-9 = PCR products of goat and sheep samples 

 

Table 1. Prevalence of Theileria spp. in ruminant blood from Eastern border 

area of Thailand-Cambodia 
Ruminant Sample (n) positive Prevalence (%) 

Species    

   Cattle 64 4 6.2 

   Buffaloes 49 3 6.1 

   Goat 110 16 14.6 

   Sheep 91 6 6.6 

Total 314 29 9.2 

 

Table 2. Analysis of blood collection factors to the prevalence of Theileria spp. 

Factor Sample (n) Positive(%Prevalence) 
Statistic value 


2
 df P-value 

Species   5.7047 3 0.1269 

   Cattle 64 4 (6.2)    

   Buffalo 49 3 (6.1)    

   Goat 110 16 (14.6)    

   Sheep 91 6 (6.6)    

Sex      

   Female 149 16 (10.7) 0.7637 1 0.3822 

   Male 165 13 (7.9)    

Total 314 29 (9.2)    
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Discussion 
 

Giemsa-stained blood smears can rapidly detect blood parasites, but it is 

slow when investigating many samples. Besides this, infected animals, without 

clinical signs, may have small and insufficient numbers of pathogens, for 

detection. Molecular techniques are therefore an appropriate method to prevent 

the spread by early detection, especially during the rainy season, when animals 

encounter more ticks, leading to uncontrollable spreads of pathogens, through 

transmission by ticks.  

Blood samples were collected from 314 ruminants showing no clinical 

signs. DNA was extracted, followed by amplification of the V4 region of the 

18S rRNA gene. Theileria spp. was detected in the blood sampled, and 200-300 

bp PCR products were found as expected. 

In Thailand, there have been many studies on blood protozoan diseases in 

farmed animals, particularly bovine theileriosis, caprine anaplasmosis and 

babesiosis. However, the only previous study of theileriosis in ruminants was 

published in Thai (Kaewhom and Thitasarn, 2017) in the border region between 

Thailand and Cambodia. From Sa Kaeo Province (13°49′14″N 102°03′32″E), 

the border province, animals are imported and exported regularly. Therefore, 

the infection of animals in this area can lead to an uncontrollable spread of 

disease in the country.  
The weather in Thailand is hot and humid throughout the year. 

Additionally, both geographical location and climatic conditions of Sa Kaeo are 

very conducive to various species of ticks. Thus, it is an excellent environment 

for the spread of Theileriosis as Theileria are transmitted by ticks. 

We showed that the prevalence of Theileria in ruminants in this area was 

9 %. Goats had the highest prevalence (14%). After further investigation, it was 

found that goat farm management had lower standards than cattle farms. The 

owners of cattle farms seemed to have been educated and trained to manage 

their farms better than the goat farm owners, since goat farming is relatively 

newer to Thai farmers than cattle farming. The number of goat farms increased 

over the past ten years in this area, after the government encouraged the 

farmers. These goat farms were generally small, with an average of 7 – 15 goats 

in each farm. The goats feed on natural grass and weeds. They are let out to 

graze freely around farm houses in communal land or along roadsides. This 

increases the chance of transferring ticks between neighbours leading to a 

spread of disease. A cut-and-carry system is used only in the rainy season. In 

contrast, cattle are fed with high-energy concentrates and rice straw or 

roughage, within their barns, or grazed on their own land. Additionally, cattle 

farmers control pests, so that they are less likely to pass ticks to each other.  

https://geohack.toolforge.org/geohack.php?pagename=Sa_Kaeo&params=13_49_14_N_102_03_32_E_region:TH_type:city(16591)
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The prevalence of Theileria spp. in ruminants living in this area, 

however, was relatively lower than in other studies. Srikijkasemwat and 

Kaewhom (2019) found Trypanosoma evansi infection in cattle and buffaloes 

in Sa Kaeo at 39%. Furthermore, it was still lower than incidence of Theileria 

in sheep and goats in Eastern Turkey, where T. Ovis was found to be 18% 

(120/656) of sheep and 2% (4/139) of goats (Altay et al., 2005), whereas 58% 

(398/677) of sheep and 11% (16/142) of goats were infected by Theileria 

(Altay et al., 2007). Aktas et al. (2005) found that Theileria spp. infection in 

sheep in Turkey at 41% (90/218). Kursat et al. (2007) detected blood parasites 

in 38% of small ruminants, whereas the prevalence of Theileria was 36%. 

Gebrekidan et al. (2014) measured the incidence of T. ovis and T. separata in 

sheep in northern Ethiopia, finding that out of 160 sheep, 147 were infected by 

T. ovis (92%), and 3 were infected by T. separata (2%). In another Theileria 

study in China, DNA was extracted from blood of 198 sheep: using nested 

polymerase chain reaction (nPCR), the 18S rRNA genes were amplified and 

prevalences of Theileria were in Yanji (80%), Nongan (40%), Longjing (37%), 

Toudao (24%) and Jinchang (32%) (Cao et al., 2013). 

Theileria incidence has been studied in many areas, but not many have 

investigated risk factors associated with theileriosis in ruminants. Therefore, we 

investigated the prevalence of Theileria spp., and also the factors that increase 

the likelihood of infection. 

This study revealed that the ruminant species and gender did not 

significantly affect the probability infection by Theileria (p>0.05). Similarly, 

Chunhavaranon et al. (2017) investigated the risk factors associated with 

infection by Babesia spp. in goats and sheep, including species, area, age and 

gender. They showed that species, area and gender did not affect the incidence 

of Babesia, whereas age did (p=0.019).  

The prevalence of Theileria in goats was greater than for other ruminants, 

so this suggested that the standard of goat farming should be raised. Associated 

organisations should educate goat farmers to improve farm standards. A better 

farm management will help to prevent other diseases and avoid economic loss. 

Furthermore, a further study of the molecular sequence of Theileria spp. should 

be used to evaluate the spread of the pathogen. 

This study of prevalence of Theileria spp. and associated risk factors in 

ruminants in the border area between Thailand and Cambodia was therefore a 

pilot study. The results can be used to prevent, prepare and control the infection 

spread. Local authorities may develop policies on animal movement between 

Thailand and Cambodia.  
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However, we note that we did not have age data in our samples and that 

Chunhavaranon et al. (2017) did observe an age effect, so this should be 

checked in further work. 
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