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ABSTRACT

The study evaluated the usefulness of specific PCR assays for the diagnosis of
tropical thelleriosis caused by Theileria annulata in Egypt using Microscopic Exami-
nation (ME) for comparison. Blood samples from 70 animals comprising both dis-
eased and apparently healthy cattle were examined for the presence of Thelleria in-
fection by ME using Giemsa-stained blood smears, where the prevalence was 17.1%
(12/70). To evaluate the usefulness of PCR assays for the identification of Thelleria
sp. and T. annulata, thirty bovine blood samples selected from the sevenly animals
were tested by both PCR assays and ME. Two primer were used: first primer based
on small subunit (SSU rRNAJj gene for common Theileria species were used to demon-
strate the presence of Theileria DNA and second specific primers derived from the
gene encoding 30 KDa major merozoite antigen to specifically amplify T. annulata
DNA in the examined bovine samples. I identified 7/30 (23.3%), whereas the PCR as-
say for Thelleria sp. was more sensitive which identified 25/30 (83.3%). Of these 25
Thetleria positive samples, 22 were tdentified as infected with T. annulata by specific
PCR assay for T. annulata. This study demonstrated that, PCR methods are more
sensitive and accurate for diagnosis of tropical thetleriosis than the common method
(ME).
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INTRODUCTION

Thelleria annulata is a tick-borne proto-
zoan parasite of cattle, which is also known
as Mediterranean or Tropical Theileriosis has
vast geographical spread and can be found es-
pecially in Middle East, Mediterranean Eu-
rope, North of Africa, India, Middle Asia and
even China (D oliveira et al., 1995). The dis-
ease threatens an estimated 250 miilion cattle
worldwide and acts as a major constraint on
livestock production in many developing
countries.
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Ticks of ithe genus Hyalomma are the main
vector for T. annulata (Robinson, 1982). If
the animal recovers from infection, long-
lasting carrier status occurs in which low
numbers of erythrocytes remain infected with
T. annulata piroplasms. These carrier animals
have an important role in the transmission
of infection by the Hyalomma ticks (D'Olived-
ra et al.,, 1898). Other species of Theileria
with low pathogenicity or non-virulence also
exist, which under field conditions needs to
be distinguished from the pathogenic T. an-
nulata.
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Classical laboratory diagnosis of theilerio-
sis 1s based on Microscopic Examination (ME)
of the parasite in thin smears of blood and on
the presence of macroschizonts In Giemsa-
stained Iymph node biopsy smears. However,
ME detection of piroplasms has low sensitivity
due to low number of parasites in carrier cat-
tle leading to high false negative diagnosis. In
addition, it does not allow the differentiation
of Thellerla species causing the infection,
which differ in their pathogenicity. Serological
tests such as the Indirect Fluorescent Anti-
body Technique (IFAT) and Enzyme-Linked
Immunosorbent Assay (ELISA) also have some
disadvantages. Antibodies tend to disappear
In long-term carrier cattle despite the pres-
ence of piroplasms and furthermore, cross-
reactivity with antibodies directed against oth-
er species limits the specificity of IFAT (Bur-
ridge et al.,, 1974; Papadopoulos et al.,
19886). Moreover, ELISA lacks either sensitivi-
ty or specificity. False positive and negative
results are commonly observed in serological
tests due to cross-reaction, weakening in spe-
cific immune response as well as lack of de-
termination of antibodies in carriers because
of long term infection (Leemans et al., 1999;
Gubbels et al., 2000).

Polymerase Chain Reaction (PCR} assays
have been successfully employed for the
detection of different haemoparasites in
cattle including Babesia bovis (Fabrimal et
al., 1992; Calder et al., 1898), Theileria par-
va (Bishop et al.,, 1992), Theileria sergenti
(Tanaka et al., 1998), Babesia bigemina
(Figueroa et al., 1092; Salem et al,, 1989)
and T. annulata (D'Oliveira et al.,, 1995).
Kirvar et al. (2000) reported that, the sensi-
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tivity of this method is diagnosing one
parasite per ml of blood and its accuracy of
being three times more than detection of par-
asite by smear method microscopically.
D oliveira et al, (1995) demonstrated that,
the lowest extent of PCR T. annulata carrier
diagnosing 2-3 parasites in blood unit and
that amount is equal to 0.000048% of parasi-
temia.

The objective of the present study was to
evaluate PCR assay for sensitive and specific
amplification of Theileria sp. and T. annulata
against standard test (ME) from blood sam-
ples obtained from both apparently healthy
and diseased cattle in El-Dakahlia and Kafr
El-Sheikh provinces in Egypt.

MATERIALS AND METHODS

Animals and area of study :

This study was conducted on 70 cows of
different ages and breeds in El-Dakahlia and
Kafr El-Sheikh provinces representing the
East Delta region in Egypt. Of these, 43 cross
breed cows were sampled from EL-badrawy
farm at Nabroh city, El-Dakahlia province and
27 cross breed cows were sampled from El-
Kasaby farm at Bialla city, Kafr El-Sheikh
province.

Some of the examined animals were suffer-
ing from fever, lacrimation, conjunctivitis, en-
larged superficial lymph nodes and anemia in
addition to the presence of ticks on different
parts of the animal's body. Others were ap-
parently normal but examined carefully both
clinically and parasitologically to detect the
subclinical cases.
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Two blood smears from the ear vein of
each examined animal were collected after
clipping, sheaving and disinfection of the in-
tended area for detection of Theilerla piro-
plasms microscopically after staining with
Giemsa stain. Moreover, Approximately 10 ml
blood samples were collected from Jugular
vein on tubes containing EDTA and stored at
-20°C for DNA extraction. The blood samples
used for PCR evaluation were cbtained from
30 selected animals to represent different
ages, species, breeds, sexes and clinical
symptoms from the animals of the studied
farms.

Microscopic Examination (ME) :

Blood films were prepared as previously
described Kelly, (1879) by picking the ear
with a sharp needle after the ear was clipped
clean by alcohol and dried. Immediately, a
small drop of fresh blood was stocked to clean
slide then, rapidly spread into an even thin
film by a second clean slide held at 45° angle
and immediately dried. The slides were la-
beled and kept in upright position in a special
box and carried to the laboratory. The biood
films were quickly fixed in methyl alcohol
(99%) for 5 minuts and stained with 5%
Glemsa stain solution for 30 min and exam-
ined with an oil tmmersion lens at a total
magnification of x 1,000 for the presence of
Theileria piroplasms. Each blood film was ex-
amined three times before being considered
negative.

DNA extiraction and PCR amplification :

Extraction of Theileria genomic DNA from
2001l of EDTA-treated whole blood was per-
formed according to the method described by
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Holman et al., (2000 and 2002). Positive
control samples representing T. annulata and
Theileria sp. were cbtained from clinical cases
diagnosed at the Faculty of Veterinary Medi-
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 50uL, containing PCR buffer (50mM
KCl, 10mM Tris-HCl, 4mM MgCl2), 200uM of
each dNTP, 80pmol of each primer and 2U of
Taq DNA polymerase enzyme (Promega). The
primers used for amplifying Theileria sp. are
described by D'Oliveira et al. {1995), while
the specific primers to T. annulata were syn-
thesized as described by Allsopp et al. (1994)
(Table 1).

Amplification was performed in a thermo-
cycler (Coy Corporation) under the following
conditions, 95°C for 5 min (initial denatura-
tion) 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.

Five pl of genomic DNA were added to each
PCR reaction. Positive control and negative
conirol (with no DNA template) were always
included in each PCR amplification. The am-
plification products were subjected to electro-
phoresis on 1.5% agarose gel containing
ethidilum bromide. The length of the amplified
products was estimated by using a molecular
weight marker {100 bp ladder, Amersham
Biosciences) and the amplified products were
visualized with an UV transilluminator and
gel photographs were taken by a digital
camera.
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Table 1: Primers used for PCR amplification of 7. annulata and Theileria sp.

Parasite Primers Sequence (5'—3") Product
size
T. annulata Forward | GTAACCTTTAAAAACGT 721 b
T. annulata Reverse | GTTACGAACATGGGTTT P
Theileria sp. Forward | AGTTTCTGACCTATCAG 1098 b
Theileria sp. | Reverse | TTIGCCTTAAACTTCCTIG P
RESULTS AND DISCUSSION fore, latent infections are important in the

Out of the 70 animals examined by ME, 12
(17.1%) were found to be infected with Theile-
ria. While in the other 58 samples, these piro-
plasmic forms could not be found, so that
they were considered negative. PCR reaction
was perforrned 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
amplified sequence for Theilerfa sp. and T.
anuulata 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, Thirty bovine blcod
samples representing different breeds, ages,
and localities were used to evaluate the effi-
ciency of specific PCR assays using ME for
comparison. The results showed that the ME
identified 7/30 (23.3%), whereas the PCR as-
say for Theileria was more sensitive, which
identified 25/30 (83.3%; Fig. 1). Of these 25
positive Theilerla samples, 22 (88%) were
diagnosed to be infected with T. annulata
(Fig. 2).

Cattle with subclinical theileriosis become

chronic carriers of the piroplasm and hence,
the sources of infection for tick vectors. There-
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epidemiology of the disease. The diagnosis of
piroplasm infections is based on clinical find-
ings and microscopic examination of Giemsa-
stained blood smears. However, this method
is not sensitive enough or sufficiently specific
to detect chronic carriers, particularly when
mixed infections occur. For this reason, PCR
assays have been the most preferred method
for detection of Tick Borne Diseases (TBD).
Several studies have documented that PCR
assays are more sensitive and specific than
conventional diagnostic techniques in deter-
mining piroplasm-carrier animals (D'Olivetra
et al., 1995; Aktas et al., 2002; Altay et al.,
2007).

D'oliveira et al., (1995) contaminated 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 tried to diagnose this experimental
contamination by PCR, IFA and smear. The
positive cases in smear, IFA and PCR methods
were 22, 40 and 70%, respectively. Moreover,
Roy et al., (2000) reported that in detection
of 50 blood samples of native cows by PCR
and smear methods, the positive cases by
PCR were 42 and by Smear method only 8 of
them were positive. In addition, Martin-
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Sanches ¢t al., (1999) showed that PCR
method had more accuracy and sensitivity in
comparison with the smear method. Mahm-
mod et al., (2010) evaluated the usefulness
of specific PCR assays for the diagnosis of
tropical theileriosis caused by T. annulata in
Egypt using ME for comparison. He showed
that PCR assay for Theileria sp. was more
sensitive than ME,

In this study, the conserved PCR primers
based on small subunit (SSU rRNA) gene for
common Thefleria species were used to dem-
onstrate the presence of Theileria DNA (Fig. 1)
in the examined bovine samples. But this pair
of primers fails to differentiate among mem-
bers of Thelleria species. demonstrating that,
the most predominant Theilerla species in
Egypt is T. annulata, so we then used the spe-
cific primers derived from the gene encoding
30KDa major merozoite antigen to specifically
amplify T. annulata DNA (Dickson and
Shiels, 1993; D'Olivetra et al., 1995).
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It is important to point out that PCR
assay has advantages over ME, because
some bovine blood samples give negative
results by ME but were positive by PCR am-
plification. The results of this study also sug-
gested that, Theileria sp. rather than T. annu-
lata are also present in Egypt because some
samples gave positive results by PCR for Thei-
leria sp. but did not amplify with T. annulata.
These could be non-pathogenic Thelleria spe-
cies such as T. mutans, T. buffell or T. orien-
tal.

CONCLUSION

The results demonstrated that, the used
PCR assay detects T. annulata at low
parasitemias In carrier cattle. The ability
of the present PCR assay to discrimi-
nate T. annulata from nonpathogenic Theile-
rla species suggests its use as a routine
technique for diagnosis of tropical theileri-
osls.

Val. XIlI, No. 1, 2011



S., El-Sherbini; et al...

Ladder
DI':J‘A123456T8910

Y =S e Bl e e e U

Fig.(1) : Agarose gel electrophoresis of amplified Theileria sp. DNA by using PCR and

primers for Theileria sp.

Lanes 3-10 show 1098 bp PCR products from field bovine blood samples, lanes 1-2 are

negative controls from healthy cows, and lane M represents a 1 Kb DNA ladder. The

size of the marker (in bp) is shown on the left of the image.
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Fig. (2): Agarose gel electrophoresis of amplified 7. annulata DNA by using PCR and

specific primers to T. annulata.

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 . annulata, and lane M represents 1 Kb DNA

ladder.

721 bp

172

Mansoura, Vet Med. J, Vol X1, No. 1, 2011



S., El-Sherbint; et al...

REFERENCES

Aktas, M., Dumanli, N., Cetinkaya, B.
and Cakmak, A. (2002) : Field evaluation of
PCR in detecting Theileria annulata infection
in cattle in Eastern Turkey. Vet. Rec., 150:
548-549,

Allsopp, M. T.; Cavalier-Smith, T., De
Waal, D. T. and Allsopp, B, A. (1984) :
Phylogeny and evolution of the piroplasms.
Parasitology, 108: 147-152.

Altay, K.; Akta , M. and Dumanli, N.
(2007): Survey of T. annulata and T. buffeli/
orientalis in catile in the region of Erzincan
using reverse line blotting, Turk. Parazitol.
Derg., 3: 194-197.

Bishop, R.; Schanpal, B,; Karjukt, D. P.;
Young, A. S. and Nene, V. (1992) : Detec-
tion of a carrier state in Thelleria parva-
infected cattle by the polymerase chain reac-
tion. Parasitology, 104: 215-232,

Burridge, M. J.; Brown, C. G. D. and
Kimber, C. D. (1974) : Theilerla annulata:
Cross reaction between a cell culture schizont
antigen and antigens of East African Theileria
species in the indirect fluorescent antibody
test. Exp. Parasitol., 35: 374-379.

Calder, J. A.; Reddy, G. R.; Chieves, L.;
Courtney, C. H. and Littell, R. (1996) :
Monitoring Babesia bovis infections in cattle
by using PCR-based tests. J. Clin. Microbiol.,
34: 2748-2755.

D'Oliveira, C.; Van der Weide, M.; Habe-
la, M. A.; Jacquiet, P. and Jongejan, F.
(1996) : Detection of Theileria annulata in
blood samples of carrier cattle by PCR. J.
Clin, Microbiol., 33: 2665-2669,

Dickson, J. and Shiels, B. R. (1998) : An-
tigenic diversity of a major merozoit surface
molecule in Theileria annulata. Mol. Biochem.

Mensoura, Vet. Med. J.

173

Parasitol., 57: 55-64,

Fahrimal, Y.; Qoff, W. L. and Jasmer, D.
P. (1992) : Detection of Babesia bovis carri-
er cattle by using polymerase chain reaction
amplification of parasite DNA. J. Clin. Micro-
biol., 30: 1374-1379.

Figueroa, J. V.; Alvarez, J. A.; Buening,
Q. M.; Canta, G. J. and Hernandez, R.
(1992) : Antibody response to Babesia bigemi-
na infection in calves measured by ELISA and
immunoblotting techniques. Rev. Latinocam
Microbiol., 34: 267-273.

Gubbels, M. J.; Doliveira, C. and Jonge-
jan, J. (2000) : Development of an indirect
Tamsl enzyme-linked immunosorbent assay
for diagnosis of Theileria annulata infection in
cattle. Clin. Diagn. La immunol., 7: 404-411.

Holman, P. J.; Madeley, J.; Craig, T. M.;
Allasapp, B. A.; Petrini, K. R. and Waghela,
8. D. (2000) : Antigenic, phenotypic and mo-
lecular characterization confirms Babesia od-
ocoilei isolated from three cervine hosts. J.
Wildlife Dis., 36: 518-530.

Holman, P. J.; Swift, P. K.; Frey, R. E;
Bennett, J.; Cruz, D. and Wagner, G. G.
(2002) : Genotypically unique Babesia spp
isolated from reindeer (Rangifer tarandus ta-
randus)} in the United States. Parasitol. Res.,
88: 405-411.

Kelly, W. R. (1979) : Veterinary Clinical
Diagnosis. 2nd Edn., Bailliere Tindall, Lon-
don, pp: 261-300.

Kirvar, E.; Hban, T.; Kaixer, F.; Hoosh-
mand-Rad, P.; Zweygarth, E.; Gersten-
berg. C.; Phipps, P. and Brown, C. Q.
(2000) : Detection of Theilerla annulata in
cattle and vector ticks by PCR. Parasitology,
120: 245-254.

Leemans, I; Brown, D.; Hooshmand-
Rad, P.; Kirvar E. and Uggla, A. (1999) :

Vol XIl, No. 1, 2011



S., El-Sherbfui; et al...

Infectivity and cross-immunity studies of
Theileria lestoquardi and Theileria annulata
in sheep and cattle in vivo response. Vet. Par-
asitol,, 82: 179-192,

Mahmmod, Y. S.; EL-Balkemy, F. A,;
Yuan, Z. GQ.; El-Mckkawy, M. F.; Monazie,
A. M. and Zhu, X. Q. (2010) : Field Evalua-
tion of PCR Assays for the diagnosis of Tropi-
cal Theileriosis In cattle and water Buffaloes
in Egypt. Journal of Animal and Vetreinary
Advances 9, 4; 696-699,

Martin-Sanches, J.; Viseras, J.;
Adroher, F. J. and Garcia-Fernadndez, P,
(1999) : Nested polymerase chain reaction
for detection of Theileria annulata and com-
parison with conventional diagnostic tech-
niques: Its use in epidemiology studies. Para-
sitol. Res., 85: 243-245,

Papadopoulos, B.; Peri, N. M. and Utlen-
berg, Q. (1998): Piroplasms of domestic ani-
mals in the Macedonia region of Greece. 1.

Mansoura, Vet. Med. J.

174

Serological cross-reactions. Vet. Parasitol.,
63: 41-56.

Robinson, P. M. (1982) : Theileria annula-
ta and its transmission: A review. Trop. Anhm,
Health Prod., 14: 3-12.

Roy, K. C.; Ray, D.; Bansal, G. C. and
Singh, R. K. (2000) : Detection of Theileria
annpulata carrier cattle by PCR. Indian J. Exp.
Biol., 38: 283-284.

Salem, Q. H.; Liu, X. J.; Johnsrude, J.
D.; Dame, J. B. and Reddy, G. R. (1999) :
Development and evaluation of an extra chro-
mosomal DNA-based PCR test for diagnosing
bovine babesiosis. Mol. Cell. Probes, 13: 107-
113.

Tanaka, M,; Onoes, S.; Matsuba, T.; Ka-
tayama, S. and Yamanka, M. (1993) : De-
tection of Theileria sergenti infection in cattle
by polymerase chain reaction amplification of
parasite-specific DNA. J. Clin. Microbiol., 31:
2565-2569.

Val XilI, No. 1, 2011



S., El-Sherbtut; et al... ‘ 175
ol gl
AR Ll ety 3 sl 5 et e lis

‘;‘;L_......” 3 garmes —dud | 8lgar — i 2 dadl
3yl daole — (g bl LD 28

O POWRE R B, T 3 3 RS, [ U 0S| FPER TS JPROC R N S U JOU N [ PVER AP IO 21 3 30 SV [N PR
Lobo g3 5 Llall OUpdl o s Lk Vo 308 poad (Job ol dazet . sSns Sl pamil) g TR e 3 L et)
et | Lo izl g5y Sl pasill Loy ol e pamd o3y L Ll

Lol 2l L Jutl) Joib amid paaivis (535l g o1 s Letll i il (53lpall oo g3 pliii] 5y ad il 0 b
cokigall 1) 1 Sy Sl il J LYY 3 Tige ¥ sae

o i S sy (P2 /) /YESY ClS s Sl pamcdl] o lidiialy o AL o] T o it ol
sl 5 ) Jolis plaeraly (F2 /Y8) 7/ AY ¥

o8 4333 Lol 21 zmy U (3 L]yt L datdl asintiand udeaidl §,adll e Ui et ol ety gilaid] 0da e
ptsSang Seul! pamill

Mansoura, Vet. Med. J, Vol. XIll, No. 1, 2011





