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ABSTRACT 

The study evaluated the usefulness of specJi1c peR assays for the diagnosIs of 

troplcal theilertosis caused by Theileria annuial8. In Egypt usmc MlcroscoplC Exami· 

nation (ME) [or comparison. Blood samples from 70 animals compnsmg both dis

eased and apparently healthy caWe were exam1ned for the presence of TheiJeria In · 

fection by ME usmg OJewss-stalned blood smears, where the prevalence was 17. J% 

(12/70). To evaluate the usefulness of PCR assays for the IdentJilcation of Thdleria 

sp. and T. annuiata. thirty bovine blood samples selected from the seventy animals 

were tested by both PCR assays and ME. Two pIlmer were used: iJrst prtmer based 
on small subUnit (SSU rRNA) gene for common Theileria specJes were used to demon

strate the presence of Thc.ilerl8 DNA and second spec1i1c primers derived from the 

gene encoding 30 KDa major merozoIte antigen to specJf1caIly amplify T. 8I1I1ulata 

DNA In the examined bovine samples. J IdenUiled 7/30 (23.3%), whereas the PCR as

say for Theileria sp. was J1Jor~ sensItive wbich /dentJ11ed 25/ 30 (83.396), Of these 25 

Theileria pOSlttve samples, 22 were IdenUfJed as infected wlth T. annulata by specJfJc 

PeR assay for T. annulata. This study demonstrated that. PCR methods are more 

sensJUve and accurate for dJagnOSls of tropIcal theilerIosiS than the common method 

(ME). 
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INTRODUCTION 

TheUerla annuJata Is a tick·borne proto

zoan parastte of cattle. which is also known 

as Mediterranean or Tropical ThellerJoSls has 

vast geographical spread and can be found es

pecJaUy in Middle East. Mediterranean Eu
rope, North of Africa. India. MJddle Asia and 

even China (D'olivelra ot al., 1995). The dis· 

ease threatens an estlmated 250 mtlllon cattle 
worldWide and acts as a major consb'aint on 

Uvestock production in many developing 

countries, 

Ticks of the genus Hyalomma are the main 

vector for T. annulata fRobtnson. 1982). If 

the anJmal recovers from infeCtion. long

lasting carrier status occurs in which low 

numbers of etythrocytes remaIn infected With 

T. annulata ptroplasms. These carrter animals 

have an important role J.n tile transmission 

of infection by the Hyalomma ticks (D'Ol..tve1-

ra. et aI,. 1895). Other speCies of TheUer1a 

With low patbogenJdty or non-virulence also 

exist. which under field conditions needs to 

be disttngulshed from the pathogenJc T. an

nulata. 
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ClassIcal laboratory dIagnosis of theilerio

sIs Is based on MicroscopIc ExarolnaUon (ME) 

of the parasHe in thin smears of blood and on 

the presence of macroschlZonts in Glemsa

stained lymph node bIopsy smears. However. 

ME detection of ptroplasms has low sensitivity 

due to low number of parasites In carrIer cat

tle leading to high false negative diagnosis. In 
addition. It does DOt aUow the differentiation 

of Theilerta specIes causlng the infection, 

WhiCh dlifer 10 their pathogenIcIty. Serological 

tests such as the Indirect fluorescent Anti

body Technique (IFAT) and Enzyme-Linked 

lmmunosorbent Assay (ELISA) also have some 

disadvantages. AnUbodJes lend to disappear 

tn long-term carrter cattle despite the pres

ence of plroplasms and furthermore, cross

reactivity with antibodies directed agalnst oth

er specIes itm.lts the spectficJty of IFAT (Bur

ridge et al., 19701: PapadopoWoa et al .. 
1996). Moreover. ELISA lacks either sensfUvi

ty or spec1ficfty. False pOSitive and negative 

res ults are commonly observed In serological 
tests due to cross-reaction. weakening in spe

clflc 1mmune response as well as lack of de

termina tion of antibodies in carriers because 
of long term infection (Leeman. et aI .• 1999; 

Qubbela et al., 20(0). 

Polymerase Chain Reaction (PCR) assays 

have been successfully employed for the 

detection of different haemoparasltes In 
cattle Including Babesia bovts (FaIu1mal et 
al., 1992: Calder et al., 1996), TheUerla par. 

va [Blohop et al., 1992). TheUeria sergenU 
(Tanaka et aI., 1995), Babesia btgemtna 

lnauuoa. et al., 11192: Salem et al .. 1999) 
and T. annulata (D'OI1ftlra et al., 11195). 
K1rvar et aI. (2000) reported that, the sensl-
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tlVity of this method is diagnosing one 

paraslle per ml of blood and its accuracy of 

being three times more than detection of par
asite by smear method mtcroscoplcally. 

D"ol1vdra et aI. (1995) demonstrated that , 

the lowest extent of PCR T. annulata carrier 

diagnosing 2-3 parasites in blood untt and 

that amount Is equal to 0 .000048% of paraSI

temia. 

The objective of the present study was to 

evaluate peR assay for sensitive and speCific 

amplification of TheUerla sp. and T. annulata 
against standard test (MEl from blood sam

ples obtained from both apparently healthy 

and diseased cattle In EI-OakahHa and Kafr 

El-Sheikh prov1nces in Egypt. 

MATERIALS AND METHODS 

Antmat. and area of atudy : 
This study was conducted on 70 cows of 

dJiferent ages and breeds 1n EI-DakahHa and 

Kafr El-Shelkh prov1nces representing the 

East Delta reglon in Egypt. Of these . 43 cross 

breed cows were sampled from EL-badrawy 

£ann at Nabroh City, EI-Dakahlla prOvince and 

27 cross breed cows were sampled from El

Kasaby farm at Stall. city. Kafr EI·Shelkh 

provtnce. 

Some of the examined animals were suffer
ing from fever. lacrtmatton. conJunctivttiS, en

larged superfiCial lymph nodes and anemla In 

adcUt10n to the presence of Ucks on dIfferent 
parts of the anlmal's body. Others were ap

parently normal but examined carefully both 

cUntcally and parasltologtcaUy to detect the 

subclinJcal cases. 
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Sampllng : 
Two blood smears from the ear vein of 

each exa.mtned anlmal were collected after 

cUpping. sheavtng and dJsfnfecUon of the 1n~ 

tended area for detection of Theileria piro· 

plasms microscopically after Sta1n1ng with 

Olemsa stain. Moreover, Approxtmately 10 ml 

blood samples were collecled from Jugular 

vein on tubes contaJ..n.tng EDTA and stored at 
-20Ge for DNA extracUon. The blood samples 

used for PCR evaluation were obta1ned from 

30 selected an1roals to represent cUfferent 

ages. species, breeds, sexes and cl1nlca1 

symptoms from the anlmals of the studJed 

farms. 

Mlcroacop1C Examtnation (ME) ! 

Blood rums were prepared as prevtously 

descrtbed Kelly, (19711) by pIcking the ear 
W1Lh a s harp needle after the ear was cUpped 

clean by alcohol and dried. Immediately, a 

small drop of fresh blood was stocked to clean 

slide then, rapidly spread into an even thLn 

fUm by a second clean sUde held at 45° angle 

and l.rIUnedlate1y dried. The .sUdes were lao 

beled and kept in upright poslUon in a special 

box and carried to the laboratory. The blood 

rums were quickly fixed !n methyl alcohol 

(99%) for 5 mtnuts and sta1ned wtth 5% 

Glemsa sta1n solution for 30 min and ocam· 

!ned With an all immersion lens at a total 

magnification of x 1.000 for the presence of 

Thellerla piroplasms. Each blood fllm was ex· 

amined three Urnes before being considered 
negative. 

DNA extraction and PeR ampWlcatlon : 
Extraction of TheIleria genomJc DNA from 

200j.!l of EDTA-treated whole blood was per

formed according to the method described by 

_uno. Vet. Jled. J. 
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Holman et aI .• (2000 and 2002}. PoslUve 

control samples representing T. annuJata and 

TheIleria sp. were obtained from cilnical cases 

dIagnosed at the Faculty of Veterinary MedJ
Cine, Mansoura University, Egypt. All the DNA 

samples were stored at _20°C until further 

use. 

PCR reactions were performed In a total 

volume of 50!1L. contatnlng peR buffer (50roM 

KCI. JOmM Trls·HCl. 4mM MgC12). 2001lM of 
each dNTP. 8Oprool of each primer and 2U of 

Taq DNA polymerase enzyme (Prom ega). The 

prLmers used for ampW)r1ng TheUerla sp. are 

descrtbed by D'OUvdra .1 aI. (1995). whUe 

the specific prtmers to T. annulata were syn

thesIZed as descrtbed by AIIaopp.1 aI. (1994) 

ITable 1). 

AmpUfication was performed in a thermo

cycler (Coy Corporation) under the followtng 

condtUons. 95°C for 5 min (1n1Ual denatura
tton) followed by 35 cycles of 94°C for 1 min 

(denaturation). 55°C for 1 min (annealing). 

72°C for 1.5 min. (extension). and a final ex

tension at 72°C for 10 min. 

Ftve J.Ll of genOmiC DNA were added to each 

PeR reaction . Positive control and negative 

control {With no DNA template) were always 

included in each peR aropUftcaUon . The am

pUficatlon products were subjected to electro

phoreSIS on 1.5% agarose gel containing 

ethldJum bromJde. The length of the ampUfled 
products was estimated by using a molecular 

weight marker (100 bp ladder, Aroersham 

BJoSC1ences) and the ampUfted products were 

vtsuallzed wtth an UV transilluminator and 

gel photographs were taken by a dJgUal 
camera. 
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Table 1: Primers used for PCR amplification of T. annulala and Theileria sp. 

Parasite Primers Sequence (5' - 3') Product 
size 

T. annulata Forward GTAACCTTT~~ACGT 
721 bp T. al/nulata Reverse GTTACGAACATGGGTTT 

Theileria sp. Forward AGTTTCTGACCTATCAG 1098 bp 
Theileria sp. Reverse TTGCCTTAAACTTCCTTG 

RESULTS AND DISCUSSION 

Out of the 70 animals examined by ME, 12 

(17.1 %) were found to be infected with TheUe

ria. Wh1le tn the other 58 samples, these PirO

plasmic forms could not be found. so that 

they were considered negative. peR reaction 

was performed on extracted DNA from 30 
blood samples and amplified products were 

separated by electrophoresis on a 1.5% aga

rose gel. then the results were analyzed. The 

ampUfted sequence far TheJlerla sp. and T. 

anuuJata were 1098 and 721. respectively. 

The sIZe of PCR products was determined by a 

molecular weight marker that was run in par

allel to the PCR products. Th1rty bovine blood 

samples representing different breeds. ages, 
and 10cal.lt1es were used to evaluate the effi

cIency of specLftc PeR assays USing ME for 

comparison. The results showed that the ME 

tdentilled 7/ 30 (23.3%), whereas the peR as
say for Thellerta was more sensitive, whJch 
ldenWled 25/30 (83.3%; Fig. II. Of these 25 

positive Theileria samples, 22 (88%) were 

diagnosed to be infected with T. annulata 
(Fig. 21. 

Cattle with subcHn1cal theileriosis become 

chromc earners of the ptroplasm and bence, 

the sources of infection for Uck vectors. There-

MsD.ooura. Vet N«I. J. 

fore, latent infections are important in the 

epidemiology of the disease. The diagnOSis of 

piroplasm infections is based on cltnlca1 find

ings and mJcroscoplc examlIlaUon of GJemsa

stained blood smears. However, this method 

Is not sensttive enough or sufficiently speC1flc 

to detect ChrONC carrters. particularly when 

mixed infections occur. For this reason. PCR 

assays have been the most preferred method 

for detection of Tick Borne Diseases (TBO). 

Several studies have documented that PCR 

assays are more sensitive and spect6c than 

conventional diagnostic technlques in deter

m.tn1.ng pIroplasm-carrter an1mals (D'Ol1veJra 

et aI .• 1996: AIrtaa et aI •• 2002; Altay et aI •• 
2007). 

D'oI1veIra et aI •• (1996) contamJnated 92 
one-year-old cattle of Bostaurus breed with 

four strains of T. annulata which were collect· 

ed from TUrkey. Spain, Portugal, and Mauri

tania and tr1ed to diagnose this experimental 
contaminat1on by peR. IF A and 5mear. The 

pOSitive cases in smear, lFA and peR methods 

were 22. 40 and 70%, respect1vely. Moreover, 
Roy et aI., (2000) reported that in detection 

of 50 blood samples of native cows by PCR 

and smear methods, the postUve cases by 

PCR were 42 and by Smear method only 8 of 
them were positive. In addition, Marttn-

Val. nIl; No.1. :lOll 



s., El-SberbJnJ; et aJ ••• 

Sanchea ot al., (1999) showed that peR 

method had more accuracy and sensitivity in 

comparison with the smear method. Yahm .. 
mod et al .. (2010) evaluated the usefulness 
of specIfic peR assays for the dJagnosls of 

tropical iliellerl051S caused by T. armulata in 

Egypt usmg ME for comparison. He showed 
that peR assay for Theileria sp. was more 
sensitive than ME. 

In thJs study. the conserved peR prlmers 

based on small subunit {SSU rRNA) gene for 

common Thelleria species were used to dem

onSlrate the presence of TheUerta DNA (Fig. 1) 

in the examined hOMe samples. But thIs pair 

of prtmers falls to dJfferent1ate among mem· 
bers of Theilerta species. demonstrating that, 

the most predominant Theileria species in 

Egypt IS T. annulata. so we then used the spe

cUk prtmers derIved from the gene encoding 

30KDa major merozoite antigen _ to speClftcally 

ampllfy T. annulata DNA (DIcbon and 

Sh1elJo, 1998: D'O_ ct al., 1996). 

JIiuJMnua, yet. lied.. oF. 

J7J 

It Js Jmportant to POint out that peR 

assay has advantages over ME. because 

some bovine blood samplcs give negauve 

results by ME but were positive by PCR am
pUflcatJon. The results of this study also sug

gested that, Thellerla sp. rathcr than T. annu
lata are also present in Egypt because some 

samples gave posltive results by PCR for Thel

lerJ.a sp. but did not amplify with T. annuJata. 
These could be non-pathogenic ThellerJa spe

cies such as T. mutans. T. buITel1 or T. orien

tal. 

CONCLUSION 

The results demonstrated that. the used 

PCR assay detects T. annulata at low 

parasttemJas In carrier catOe. The ability 

of the present PCR assay to dlscrlml

nate T. annulata from nonpathogenIc TheIle

ria speCIes suggests its use as a routine 

technique for diagnosis of tropical theileri

OSiS . 
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ladder 
DNA 1 2 3 4 5 ., 6 1 8 9 10 

Fig.(l) : Agarose get electrophoresis ofampli.fied Theileria sp. DNA by using peR and 

primers for Theileria sp. 

Lanes 3-10 show lO98 bp peR products from field bovine blood samples, lanes 1-2 are 

negative controls from healthy cows, and lane M represents a I Kb DNA ladder. The 

size oftbe marker (in bp) is shown on the lefl of the image. 

Ladder 
QNA1 

~i 
3 4 5 .6 10 

nlbp 

Fig. (2): Agarose gel electrophoresis of amplified T. annulata DNA by using PCR and 

specific primers to T. annuJOIa . 

Lanes 3, 4, 5, 7, 8, and 10 show 721 bp PCR products from field bovine blood samples, 

lanes 6, 9 represent negative samples for T. annu(ata. and lane M represents I Kb DNA 

ladder. 

17:J 
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