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ABSTRACT

Cattle in tropical and Mediterranean regions are susceptible to theileriosis, a serious tick-borne
disease that impairs animal health and productivity and causes significant financial losses. This study
aimed to determine the prevalence of Theileria spp. infection among crossbred cattle in Assiut
Province, Upper Egypt, using microscopic examination and molecular PCR confirmation. A total of
200 blood samples were collected from crossbred cattle, including 84 apparently healthy animals and
116 animals presenting clinical signs suggestive of theileriosis. Microscopic examination of Giemsa-
stained blood smears revealed an overall prevalence of Theileria spp. infection of 38.5% (77/200).
Infected animals were more frequently observed among the clinically suspected group, with a
significantly higher prevalence of 54.31%, compared to the apparently healthy group. Analysis of
epidemiological factors revealed that age-related analysis showed that cattle older than one year had
a higher infection rate (47.5%), and females exhibited greater prevalence than males. Seasonal
variation was evident; infection rates peaked during the hot season at 44.23% and declined to 32.29%
in the cold season, although these factors (age, sex and season) were not statistically significant (P>
0.05). Tick infestation was significantly associated with Theileria spp. infection (P< 0.05), indicating
its crucial role in disease transmission. Molecular confirmation of selected heavily infected samples
was performed using PCR targeting the Tams! gene, successfully amplifying a 721 bp fragment,
confirming the presence of 7. annulata. This study concludes a moderate prevalence of Theileria spp.
infection in crossbred cattle in Assiut Province, highlighting the critical need for integrated tick
management and diagnostic surveillance to mitigate health and economic impacts.
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INTRODUCTION

Cattle play a crucial role in global
food security and rural economies by
providing essential nutrients through their
meat and dairy products. Beef is the third
most widely consumed meat globally,
serving as a rich source of protein, iron,
phosphorus, zinc, selenium, and B-complex
vitamins (Dold and Cocks, 2001). In Egypt,
cattle productivity is increasingly threat-
ened by tick-borne parasitic infections,
particularly blood parasites from the
families Theileriidae and Babesiidae
(Rdwan et al., 2010).

Theileriosis is caused by intracellular
protozoan parasites of the genus Theileria,
which infect erythrocytes and leukocytes in
cattle. These  parasites,  primarily
transmitted by ixodid ticks, impose
significant health and economic burdens on
livestock populations (Kohli et al., 2014;

Silva et al, 2010). Taxonomically,
Theileria spp. belong to the family
Theileriidae,  suborder  Piroplasmida,

within the phylum Apicomplexa (Rdwan et
al., 2010). Among these species, T.
annulata and T. parva are the most
pathogenic and widely recognized as the
main causative agents of tropical
theileriosis and East Coast fever disease,
respectively (Gebrekidan et al., 2016).

Clinically, theileriosis manifests as fever,
anaemia, jaundice, anorexia, weight loss,
infertility, and immunosuppression.
Advanced infection can lead to leukocyte
infiltration in ocular tissues, causing corneal
opacity and potential vision impairment
(Durrani et al., 2010; Mohammed and
Elshahawy, 2018). Tropical theileriosis
caused by 7. annulata leads to high
morbidity and mortality, reduced milk
production, stunted growth, and substantial
economic losses. This substantial infection
burden greatly reduces animal productivity
and represents a major threat to the
livestock industry globally, including
Egypt. Theileriosis is one of the most
significant parasitic diseases in Egypt,
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affecting cattle health and productivity (EI-
Alfy et al., 2022). Crossbred cattle are not
just more productive, but also display better
fecundity, health, growth, and heat
flexibility, making them compatible for
Egypt’s climate and production systems.
However, there 1is still a lack of
comprehensive  epidemiological  data
regarding theileriosis in Upper Egypt,
especially in crossbred cattle. So, this study
aims to assess the prevalence of tropical
theileriosis in Assiut Province, examine key
risk factors, and utilize molecular
techniques to accurately identify Theileria
species, ultimately supporting enhanced
disease control strategies in the region, and
that will be translated into healthier cattle,
higher productivity, and improved liveli-
hoods for farmers.

MATERIALS AND METHODS

1. Ethical Considerations

This study was approved by the Research
Ethics Committee of the Faculty of
Veterinary Medicine, Assiut University,
Egypt (Approval No. 06- 2025- 0318).

2. Study Location

Assiut Province, located at a latitude of
27°10'51.46" N and a longitude of
31°11'1.25" E, has a desert climate with an
average annual temperature of 23°C,
ranging from 1°C to 45°C and minimal
precipitation. In Upper Egypt, the cold
season (December- February) is defined by
temperatures between 15 and 27°C, and the
hot season (March- November) is defined
by temperatures over 28°C (Abdel-Rady et
al., 2023).

3. Animals

A total of 200 blood samples were collected
from small stakeholder farms, including
116 clinically affected animals and 84
apparently healthy cattle, categorized into
three age groups: 80 calves (< 1 year old),
56 young cattle (1 - 3 years old), and 64
adults (>3 years old). The sample set
comprised 84 males and 116 females.
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4. Sample Collection

Approximately 5 mL of blood was drawn
from the jugular vein of each animal into
EDTA tubes, following standard protocols
(Gupta and Singla, 2012). Samples were
transported in an icebox to the Assiut
Regional Laboratory at the Animal Health
Institute within a few hours of collection for
parasitological analysis, or stored at 4°C
until further processing.

5. Blood Microscopic Analysis

Thin blood smears were prepared, fixed in
absolute methanol, stained with 10%
Giemsa solution, and examined under an
Olympus microscope at 100x magnification
(Garcia, 2007). Identification  of
erythrocytic and lymphocytic forms of
Theileria species followed the criteria
outlined elsewhere (Levine, 1985).

6. Molecular Analysis

A representative set of 20 blood samples
with high parasitic load under microscopic
examination were selected for PCR
confirmation. The samples were stored in
labeled Eppendorf tubes at —23°C until
further processing.

6.1. DNA Extraction

Genomic DNA was extracted using the
QIAamp DNA Mini Kit according to the
manufacturer’s protocol (Qiagen, 2016).

6.2. PCR Amplification

Polymerase chain reactions were conducted
in a total volume of 25 pL. Each PCR
reaction included 12.5 pL of EmeraldAmp
Max PCR Master Mix (Takara, Japan), 1 uL.
of forward and reverse primers, 5.5 pL of
nuclease-free water, and 5 pL of genomic
DNA  template.  Amplification  was
performed using an Applied Biosystems
2720 thermal cycler, following the cycling
parameters outlined in Table (1).

6.3. PCR Product Analysis

Amplified PCR products were analyzed
using 1.5% agarose gel electrophoresis, and
sizes were compared with a GelPilot 100 bp
Plus DNA ladder. Visualization was carried
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out using an Alpha Innotech gel
documentation system (Biometra), and
images were processed and analyzed using
the accompanying imaging software.

7. Tick Collection and Identification
Engorged ticks were gently removed from
various anatomical regions of the examined
cattle using curved forceps. The removal
was done gently, with a counterclockwise
rotation to minimize damage to the
specimens (Youssef et al., 2015). Animals
were classified into four categories
according to their infection and tick
infestation status: (1) infected and infested,
(2) non-infected but infested, (3) infected
but not infested, and (4) non-infected and
non-infested. Ticks were preserved in 70%
ethanol in labeled Falcon tubes for
subsequent morphological identification.
Adult tick species were identified under
both dissecting and compound microscopes
based on established taxonomic keys
(Walker et al., 2003).

8. Statistical Analysis
Statistical analysis was performed using
GraphPad Prism software version 9.5.1,
with associations evaluated using the Chi-
square (y?) test. A p-value < 0.05 indicated
a significant difference.

RESULTS

1. Detection of Theileria spp. using the
ordinary microscope

1.1. Prevalence of Theileria spp. in
crossbred cattle in Assiut province.

In this study, Giemsa-stained blood smears
were examined under a light microscope to
detect the presence of Theileria spp. The
overall positivity rate was 38.5% (77 out of
200) among the tested crossbred cattle in
Assiut Province. Cattle exhibiting clinical
symptoms had a significantly higher
positivity rate (54.31%) compared to
clinically healthy animals (16.67%). The
most common clinical signs observed in
positive animals included fever, reduced
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appetite, eye discharge, swollen lymph
nodes, and cloudy appearance of the cornea.

When stratified by age, calves younger than

as rounded, oval, or comma-shaped bodies
within RBCs. Frequently, multiple
piroplasm forms were observed per
erythrocyte, staining intensely purple to

one year had the highest positivity rate blue with Giemsa (Fig. 1A-C).
(47.5%), while older cattle (over three Examination of lymphocytes also
years) showed the lowest rate. Female identified macroschizonts, known as

animals demonstrated a higher positivity
rate (41.38%) compared to males (34.52%).

Seasonal variation was evident, with the

Koch’s Blue Bodies, which appeared as
large chromatin-rich structures with deep
blue staining (Fig. 1D-F)

highest positivity recorded during the hot 2. Molecular findings

season (44.23%). Moreover, cattle with Molecular identification was performed to

hard tick infestations had the highest rates confirm the microscopic findings,

of positivity for Theileria spp. (Table 2). focusing on blood samples with high
parasite load. These samples tested

1.2. Morphological characterization of
isolated Theileria spp. using a light
microscope

Microscopic examination of Giemsa-
stained smears revealed intraerythrocytic
Theileria spp. piroplasms, which appeared

positive for Theileria spp., with a specific
amplification product of 721 bp detected
by gel electrophoresis, confirming the
presence of the Tamsl gene of Theileria
annulata

infected with Theileria

cattle
(A—C) Intraerythrocytic piroplasm stages displaying variable shapes (round, oval, and comma-
shaped) within red blood cells (white arrowheads). (D—F) Macroschizonts (Koch’s Blue Bodies)
identified within lymphocytes (white arrowheads). All images were captured under oil
immersion at 100x magnification.

Figure 1. Giemsa-stained blood smears from

Spp.
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Table 1: Primer sequence, amplicon size, cycling conditions and target gene.

. Amplified ) Amplification (35 cycles) .
Primers Primary Final
Target gene sequences segment denaturation ~ Secondary : . extension Reference
q (bp) . °Annealing Extension
denaturation
Theileri GTAACCTTT
e ?r;“ AAAAACGT 94°C 94°C 55°C 72°C 72°C 28)
?’;angljl GTTACGAA 721bp Smin. 30sec. 40sec. 40sec. 10min.
CATGG GTTT

Table 2: Prevalence of Theileria Infection in Relation to Clinical Signs, Age, Sex, Season, and

Tick Infestation.

Varaible No. exam.  No. of infected (%) X2 P. value
Total 200 77 (38.5%)
Clinical condition
Asymptomatic 84 14 (16.67%)
symptomatic 116 63 (54.3%) 29.16 0.0001"
Age
<1 year 80 38 (47.5%)
1-3 year 56 21 (37.5%)
>3 year 64 18 (28.13%) >670,2 0.0587
Gender
Male 64 29 (34.5%)
Female 116 48 (41.38%) 0.9671,2 0.6166
Season
Hot 104 46 (44.23%)
Cold 96 31 (32.29%) 3.005 0.083
Tick infestation
Infected-infested 200 48 (24%)
Non-infected- infested 200 49 (24.5%)
Infected-non infested 200 29 (14.5%) 96 001"
Non-infected-non infest. 200 74 (37%)

*Statistically significant differences (P<0.05).

DISCUSSION

Theileriosis, caused by Theileria species
and transmitted by ixodid ticks, remains a
major protozoan disease affecting cattle in
Egypt, leading to significant economic

losses  through morbidity, mortality,
reduced productivity, and increased
veterinary costs. Among the species,

Theileria annulata, which causes tropical
theileriosis, poses the greatest threat to
cattle health in endemic areas, especially
under traditional farming systems (Al-
Hosary et al., 2018).
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In this study, 38.5% of examined cattle
tested positive for Theileria species based
on microscopic analysis of blood smears.
This rate aligns with earlier findings from
Assiut (Abdel-Rady et al., 2008; Abou-El-
Naga et al, 2005) and the New Valley
Governorate (Sayed et al., 2020). While this
rate is lower than those reported in India
(86%) and Saudi Arabia (76.5%), it is
higher than those from El-Wadi El-Gadid
(9.31%) and Qalubia Governorate (14.61%)
(Al-Emarah et al., 2012; El-Dakhly et al,
2018; EL-Metenawy, 2000, El-Moghazy et
al., 2014). These differences likely result
from variations in geography, vector
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presence, animal management, and host
immunity (Gul et al, 2015). Among
clinically suspected animals, 54.31% tested
positive for theileriosis, which is consistent
with the results reported in literature (EI-
Deeb et al., 2009; Kalyan et al., 2016). The
16.67% positivity rate among apparently
healthy cattle highlights the role of
subclinical carriers in maintaining the
transmission cycle between hosts and ticks
(Kundave et al., 2015), (El Damaty et al.,
2022), (El Dakhly et al., 2020), who found
that the cattle tested had a 7. annulata
infection without any clinical symptoms.
These animals are important to the study of
disease epidemiology as they are a major
source of infection for vulnerable cattle in
non-endemic areas (Madkour et al., 2023).

In relation to age, younger cattle (under one
year old) exhibited the highest positivity
rate (47.5%), followed by animals aged 1 to
3 years (37.5%), and the lowest in cattle
over three years (28.13%). Although the
difference was not statistically significant
(P = 0.0587), it may be due to the small
sample size, consistent with previous
studies that identify younger animals as
more susceptible (EL-Masry et al., 2006;
Al-Hosary et al., 2018; Ahmed et al., 2019).
Conversely, another study (Selim et al.,
2022) reported higher positivity in older

cattle, which might be attributed to
differences in exposure and acquired
immunity.

In relation to sex as a potential risk factor,
although 41.38% of females tested positive
compared to 34.52% of males, the
difference was not statistically significant
(P=0.6166), agreeing with studies showing
minimal sex-related variation (Ayadi et al.,
2017; Madkour et al., 2023; Selim et al,
2022). While some studies found higher
rates in males (Abdel-Rady et al, 2010;
Boussaadoun et al., 2015; Al-Hosary et al.,
2018), others linked increased female
positivity to physiological stressors such as
pregnancy and lactation in the absence of
effective tick control. The higher positivity
during the hot season (44.23%) supports the
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understanding that tick activity peaks in
warm conditions. These findings agree with
previous research (Abdel-Rady et al., 2005,
Al-Hosary et al., 2018).

Regarding the correlation between tick
infestation and Theileria sp. infection rate,
tick infestation was examined in 200 cattle,
with 97 infested. Positivity rates varied
among groups: 24% in tick-infested
positives, 24.5% in tick-infested negatives,
14.5% in non-infested positives, and 37% in
non-infested negatives. A statistically
significant association (P <0.01) was found
between tick infestation and Theileria
positivity, indicating the pivotal role of
ticks in disease transmission. Positivity in
non-infested cattle may reflect the biology
of certain tick species that spend much of
their life off-host and transmit pathogens
through transstadial mechanisms (Varma,
1993).

Monitoring the spread of Theileria annulata
in endemic areas requires precise and
reliable diagnostic methods. Among
molecular techniques, PCR targeting the
Tamsl gene has proven to be highly
sensitive and specific, enhancing diagnostic
accuracy and aiding in tracking
transmission patterns and guiding targeted
control measures. In the present study,
molecular detection via PCR amplification
of a specific 721 base pair fragment of the
Tamsl gene confirmed the presence of T.
annulata in the samples analyzed. These
findings confirm 7. annulata’s endemicity
within the study area, aligning with
previous reports from similar regions
(Ahmed et al., 2019, Al-Hosary et al., 2020,
Madkour et al., 2023, Sayed et al., 2020,
Yousef et al., 2020).

CONCLUSIONS

This study confirms that Theileria annulata
remains a widespread and damaging blood
parasite affecting cattle health in Egypt. Our
study confirmed bovine theileriosis using
PCR  combined with  microscopic
examination, revealing that a significant
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proportion of cattle in Assiut Governorate
in Upper Egypt are infected. Urgent
implementation of targeted treatment for
infected animals and comprehensive tick
eradication programs in both livestock and
their environments using chemical and
biological acaricides are critical to prevent
the spread of the disease. Furthermore,
expanded research is essential to understand
how parasite genetic diversity influences
virulence, providing a foundation for
tailored control strategies. collaboration
among  veterinarians, farmers, and
researchers is vital to developing effective
interventions that protect cattle health and
ensure food security in the region.
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