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INTRODUCTION

Abstract

In this study, examination of infected cattle infested with tick, identification of collected tick samples
were based on thel2S rDNA PCR products as Rhipicephalus annulatus, the GenBank accession number is
(OP650242). A total of 72 blood samples from crossbred cattle of both sexes were examined clinically and
in the laboratory. Out of these, 43 cattle were healthy, while 19 (26.38%) had theileriosis and 10 (13.88%)
had babesiosis. Hemogram analysis revealed distinct anemia patterns, with Babesia-infected cattle display-
ing macrocytic hypochromic anemia and Theileria-infected ones showing normocytic normochromic anemia,
both with reduced platelet counts. Babesia-infected cattle had elevated total leukocyte counts, neutrophilia,
eosinophilia, and lymphopenia, while Theileria-infected cattle had decreased total leukocyte counts, neutro-
penia, lymphocytosis, and eosinophilia. In infected cattle, serum biochemistry showed increased ALT, AST,
creatinine, and urea levels in both Babesia and Theileria infections. There was decreased serum protein, and
albumin, in both cases. Oxidative stress revealed elevated serum malonaldehyde (MDA), reduced glutathione
peroxidase (GPx) and catalase (CAT) levels in infected animals compared to controls. After administering Im-
idocarb dipropionate (1mg/kg S/C) and Buparvaquone (1ml/20kg I/M) to animals with babesiosis and theile-
riosis, respectively, there was a positive change in the hematological and biochemical measures, bringing them
closer to the normal values. There is a genuine danger to the cattle industry in Egypt due to the existence of
babesiosis, theileriosis, and their vector. Modern techniques like PCR should be utilized for precise monitoring
and to prevent spread of such diseases. Furthermore, adverse effect of Babesia and Theileria on hematological
and biochemical parameters can be eliminated through the appropriate use of Imidocarb dipropionate and
Buparvaquone for babesiosis and theileriosis respectively.
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mortality, in addition to the negative effect on both milk and
meat production (Bock et al,, 2004; Adham et al., 2009; Fereig et

In Egypt, the climatic conditions, coupled with inadequate
control measures and prophylactic, foster a conducive environ-
ment for various species of ticks (Casati et al, 2006; Al-Hosa-
ry et al, 2018). Ticks exert a detrimental influence on livestock,
not only through their direct effects on infested animals but also
by acting as vectors for life-threatening pathogens (Elsify et al.,
2015). Ticks can also act as carriers for numerous pathogens
affecting both animals and humans, such as Theileria spp. and
Babesia spp. (Al-Hosary et al., 2021). Ticks commonly carry pro-
tozoan parasites known as piroplasms, which encompass Babesia
spp. and Theileria spp. These parasites frequently lead to illness-
es in both animals and humans. (Mohamed et al., 2021). Cattle
theileriosis and babesiosis are notable hemoprotozoal diseases
causative of substantial economic losses in cattle within tropical
and subtropical regions (Noaman, 2013). These hemoparasites
are widespread and exhibit significant prevalence in various geo-
graphical regions across Egypt (Abas et al., 2021).

Bovine babesiosis in Egypt, usually induces high economic
losses in cattle due to hemolytic anemia, abortions, and even

al., 2017). Bovine babesiosis primarily affects cattle in tropical and
subtropical areas and is caused by the hemoprotozoa B. bigemina
and B. bovis, which reside within red blood cells (Bose et al.,,1995).
Millions of cattle perish yearly because of Theileria infection, and
consequently, losses in production with cattle breeders world-
wide are experiencing the burden of high expenses related to
veterinary care and tick control measures, which have become
increasingly challenging to manage (El-Dakhly et al., 2020).
Most cases, these protozoan diseases demonstrate them-
selves as a mixed and often latent invasion, which complicates its
detection, treatment, and measures to eradicate it (Bursakov and
Kovalchuk, 2019), so the demand for acaricide programs aimed
at combating tick vectors and therapeutics programs target-
ing vertebrate hosts has seen a significant increase. (Bock et al.,
2004). The primary clinical indicators of theileriosis, a tick-borne
disease caused by Theileria annulata, include the inflammation of
superficial lymph nodes, along with fever and reduced appetite
(Radostits et al.,, 2006). Theileria annulata, a tick-borne pathogen,
poses a significant threat to cattle in Egypt, resulting in consid-
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erable economic losses due to elevated morbidity and mortality
rates, reduced productivity, increased treatment costs, and the
necessity for preventive measures (Callow, 1984; Abdel-Hamied
et al., 2020).

Clinical examination alone may not definitively identify the
specific blood parasite in infected animals. The standard meth-
od for pinpointing tick-borne pathogens involves routine direct
microscopy of Giemsa-stained blood smears (Nayel et al., 2012;
Elsify et al, 2015). Nevertheless, in animals that serve as carriers
or have a low level of parasitemia, this approach might produce
constrained outcomes because of its insufficient sensitivity and
specificity (Almeria et al,, 2001; Jacobson, 2006). Consequently,
the utilization of molecular diagnosis through PCR enables the
detection of subtle parasitemia that may go unnoticed by tradi-
tional methods employed for identifying blood protozoa, partic-
ularly in carrier states (Almeria et al.,, 2001), and make the diag-
nosis of blood parasites more effective (Mosqueda et al., 2012).

Chemical treatment is the most usual method for treating
animals for ticks, and also acaricides can aid in the management
of tick-borne illnesses (Almazan et al, 2018). Numerous Babe-
siacidal compounds are effective in treating cattle with babesi-
osis, meanwhile practically , diminazene aceturate (3 to 5 mg/
kg) intramuscular, amicarbalide (5 to 10 mg/kg) intramuscular,
and imidocarb (1 to 3 mg/kg, IM) are mostly used (Kuttler, 1980;
Mosqueda et al., 2012). Buparvaquone, a preferred medication
among veterinarians, is commonly used to treat theileriosis in
cattle (Masare et al., 2009). Buparvaquone belongs to the second
generation of hydroxyl naphthoquinones and specifically targets
the protozoa's electron transport chain system, without affecting
the host's system (Hudson et al, 1985; McColm and McHardy,
1984).

Considering the substantial losses and the growing preva-
lence of babesiosis and theileriosis in cattle, the present study
was conducted to diagnose cattle infected with Babesiosis and
theileriosis. Additionally, the study aimed to evaluate the hema-
tological and biochemical alterations in these animals during and
after undergoing drug therapy.

MATERIALS AND METHODS

Ethical approval

This work was accepted by the Animal Use Ethics Committee
(ARC-IACUC) of agricultural research center, Egypt, (Approval no.:
ARC-AH-22-15).

Animal source and samples collection

The current study, conducted between May and Decem-
ber 2022 in Ismailia governorate (30.6044 or 30 36’ 16" north)
(32.2771 or 32 16’ 38" east), involved 72 Baladi-cross breed cattle
aged 2-4 years. These cattle exhibited clinical symptoms of tick
infestation, including fever and mucous membrane discoloration.
Microscopic examination followed Benjamin's standard protocol
(1978). Ticks were manually collected from infected cattle and
preserved in 70% ethanol tubes.

A total of 72 blood samples were drawn from each suspected
animal’s jugular vein. Hematological examination and PCR were
performed using EDTA-coated tubes. For serum biochemistry
and assessment of oxidative status, blood was collected without
anticoagulant. The collected blood samples were then centri-
fuged at 3000 rpm for 15 mi, and the resulting clear serum was
stored at -20°C.
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Morphological identification of ticks

Tick samples were prepared following Farid et al. (2021). Ticks
were first morphologically identified following Hoogstraal (1956)
and Walker (2003). by using an optical microscope (x400).

DNA Extraction of ticks

The QIA amp DNA Mini Kit (Qiagen) was used to extract the
ticks’ DNA after morphological identification conforming to man-
ufacturer’s instructions. The genomic DNA obtained was stored
at a temperature of -20 °C until used. Tick samples molecular
identification based on 12S rDNA Gene.

Amplification of the 12 S rDNA gene by PCR was carried out
using specific primers (5" GAGGAATTTGCTCTGTAATGG -3" and 5’
- AAGAGTGACGGGCGATATGT-3") and followed the cycling condi-
tions described by (Norris et al., 1999). The products of amplifi-
cation were electrophoretically separated on a 1.6% agarose gel
with ethidium bromide.

Sequence analysis

After amplification, the PCR products were retrieved from
the gel, purified, and subjected to sequencing. The sequencing
process was carried out by Solgent Co. Ltd in South Korea using
the Sanger sequencing technique. The obtained sequences were
then assessed using BLAST® for analysis (Johnson et al., 2008).

Molecular Piroplasma spp. (Babesia spp. and Theileria spp.) iden-
tification

DNA Extraction

By following the guidelines provided by the manufacturer,
the genomic DNA was purified from a 200 pl blood sample using
the QlAamp DNA Blood Mini Kit from QIAGEN. The purified DNA
was then stored at -20 °C until it was ready to be utilized.

PCR amplification

To evaluate which genetic marker, PCR amplifications of the
same samples were done with general and species-specific prim-
ers, targeting different gene fragments.

PCR amplification of the 18S rRNA gene of Babesia spp. and
Theileria spp. (general primers)

A 25ul PCR reaction tube was utilized, which contained 2 mM
MgCl2, 0.2 mM of dnTPs, Taq polymerase (0.05 ul), 7ul of DNA,
4yl of nuclease-free water, and a set of primers (2 pmol). The am-
plification of the 18S rRNA gene was performed using the oligo-
nucleotide primers Piro-18-F2 ACT GTC AGA GGT GAA ATT CTT
AGand Piro-18-R all AAT AAT TCA CCG GAT CAC TCG. The PCR
protocol involved an initial denaturation at 95°C for 5 minutes,
followed by 35 cycles of denaturation at 95°C for 30 seconds, an-
nealing at 55°C for 30 seconds, and extension at 72°C for 45 sec-
onds. A final extension step at 72°C for 5 minutes was conducted.

PCR amplification of Babesia spp. and Theileria spp. with spe-
cies-specific primers

Polymerase chain reactions (PCR) targeting T annulata
(Tams1) {F 5'-GTT AAT GCT GCA AAT GAG GAT G3'andR5'-GGACT-
GATGAGAAGACGATGAG -3} and B. bigemina SSrRNA {F5'T-
GTCCTCGTTTGCTTCTTAGAGGGACTCCT3'and R 5'GAG CAA ACA
GCA AGG GCG CGT3'} were performed using species-specific
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primers, as indicated. The PCR cycling conditions and gel electro-
phoresis were performed as described by Kirvar et al. (2000) and
Adham et al. (2009).

Haematological evaluation

The red blood cell count (RBCs, 10%/pl), hemoglobin content
(Hb g/dl), packed cell volume (PCV %), red blood cells indices
(MCV, MCH, MCHC), white blood cells count (WBCs), differential
leukocytic counts and platelets count (PLT x10%/ul) were mea-
sured in blood samples obtained from healthy cows, as well as
cows affected by babesiosis and theileriosis, both before and af-
ter treatment (Feldman et al., 2000).

Biochemical evaluation

Biochemical parameters were estimated spectrophotometri-
cally as Aspartate amino transferase (AST), Alanine amino trans-
ferase (ALT), Urea, Creatinine, Glucose, total proteins, albumin,
and globulin. Antioxidant enzymes in serum involves the deter-
mination of serum lipid peroxidation product Malondialdehyde
(MDA), catalase (CAT) and glutathione peroxidase (GPx) were
estimated using test kits supplied by Bio-Diagnostic Compa-
ny-Egypt. according to manufacture procedures.

Chemotherapy study

For control of tick: all animals infested with ticks were injected
with ivermectin (lveen®, ADWIA®, Egypt), (1 ml /50 kg by S/C)
injection. Repeated dose after 14 days.

For blood parasite: All confirmed cases of Babesia spp. (B.
bigemina infected group; 10) single dose of Imidocarb dipropi-
onate was injected (1mg/kg by S/C route), (Imidocarb® Pharma
Swede®©, Egypt). Confirmed theileriosis cases (T. annulate infect-
ed group;10) treated with single dose of Buparvaquone 1ml/20kg
by deep I/M route, Theil-Cure® Pharma Swede®©, Egypt. Sup-
portive treatment for all infected cattle comprised of meloxicam
0.5mg/kg 1I/M, Fercobsang® (iron, cyanocobalamin, Nicotin-
amide and Cobalt) 20ml daily I/M for 7 days. Blood samples were
taken after 14 days of treatment, as described above, to show the
effect of drug treatment.

Statistical evaluation

To determine the variance in the various hematological and
biochemical parameters, one-way analysis of variance (ANOVA)
was used. SPSS software (SPSS 20.0) was used to analyze animals
from various groups.

RESULTS

Morphological identification of tick
Rhipicephalus (Boophilus) annulatus

hexagonal basis capitulum, rounded or oval spiracular plate,
and short, compressed, ridged palps. Males exhibited adanal
shields and accessory shields, while females lacked a distinct anal
groove. Festoons or ornamentation were not observed on these
ticks (Fig. 1).

Fig. 1. Rhipicephalus (Boophilus) annulatus female A: ventral view B: anterior
part and C: spicular plate. (Sp): Spicular plate, (ca): capituli (P): palpai.
Molecular identification of tick species

PCR amplification of the 12S rDNA gene was employed. The
obtained PCR products confirmed the presence of Rhipicephalus

Table 1. Hematologic evaluation of erythrogram and leukogram of control, Babesia, and Theileria infected cattle before and after treatment.

Babesia Theileria
Control Infected Treated Infected Treated
RBCs (x10%ul) 8.06+0.25* 5.66+0.10° 7.07+0.15° 5.30+0.11°¢ 7.15+£0.13°
HB (gm/dl) 10.29+0.15° 5.7940.13¢ 9.59+0.09° 6.91+0.13¢ 9.76 £0.14°
PCV (%) 30.98+0.63* 25.24+0.23¢ 27.27+0.26° 19.60+0.58¢ 27.42 £0.26°
MCV (f) 38.43+0.69° 44.59+0.80° 38.57+1.91° 38.98+0.71° 38.35+1.31°
MCH (pg) 12.77+0.20° 10.23+£0.13° 13.56+0.07* 12.28+0.38° 13.65+0.20°
MCHC (gm/dl) 33.224+0.37° 29.57+0.86° 36.09+0.82° 33.21+0.25° 35.59+0.932
PLT count (x10° /ul) 316.0+13.9* 218.40+5.49° 307.2+13.4* 241.00 +9.24° 301.6+ 14.5*
WBCs (x10° /ul) 7.84+0.09° 8.87+0.172 7.66+0.30° 6.75+0.24¢ 7.76+0.19°
Neutrophils (x10° /ul) 3.10+0.11° 5.27+0.13* 3.09+0.08° 1.16+0.06° 3.00+0.1°
Lymphocytes (x10%/ul) 3.92+0.09° 2.67+0.29¢ 3.71£0.19° 4.37+0.06° 3.90+0.07°
Monocytes (x10° /ul) 0.51+0.02° 0.50+0.02° 0.53+0.05° 0.76+0.05* 0.54+0.06°
Eosinophils (x10% /ul) 0.30+0.04¢ 0.42+0.10° 0.32+0.03¢ 0.45+0.06* 0.30+0.04¢
Basophiles (x10° /ul) 0.01+0.002¢ 0.01+0.002* 0.01+0.002* 0.01+0.003* 0.02+0.02*

Values (mean + SE) in different columns with the different superscripts are significantly different at P<0.05.
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annulatus, and the corresponding GenBank accession numbers
is OP650242.

Phylogenetic analysis

Phylogenetic analysis was conducted using MEGA X10.1
software and the neighbor-joining (NJ) method. Analysis of the
12S rDNA gene sequences revealed minimal sequence variation
among the Rhipicephalus annulatus species from Egypt, includ-
ing the sequences obtained in this study.

MH781752 Amblyomma variegatum ((Portugal)
JF949801 Amblyomma variegatum (Nigeria)
MT895864 Amblyomma gemma (Kenya)
KU963224 Hyalomma dromedarii (Egypt)
KU198403 Rhipicephalus sanguineus (Egypt)
EU921773.1 Rhipicephalus annulatus ( Egypt )
EU921773 Rhipicephalus annulatus (Egypt )
OP650242.1 Rhipicephalus annulatus(the present study seuence)
AM410573 Boophilus annulatus (taly )

— MZ054209 Haemaphysalis kolonini (China)
L— Kkcs503256 Rhipicephalus annulatus (Romania)

L
0.20

Fig. 2. Neighbor-joining (NJ) techniques were used in the phylogenetic study
to build the tick phylogenetic tree from our sequencing data and some hard tick
species sequences from the GenBank.

Morphological identification of blood parasites

The morphology of Babesia spp. and Theileria annulata in
cows was observed as in Fig. 3 and Fig. 4, respectively.
Molecular identification of Piroplasm spp.

Out of the total, 24 blood samples yielded positive results
during the morphological examination, the amplification process
was carried out. The majority of these samples were successfully
amplified using primers specifically designed for the target spe-
cies, indicating the effectiveness of the species-specific primers
in capturing the desired DNA fragments as for (TamsT) amplicon

size was 768 bp and for (SSrRNA) amplicon size was 543 bp. Con-
versely, the general primers targeting Piroplasm failed to yield
amplification for the majority of the samples, suggesting their
limited suitability as diagnostic markers for the target tick-borne
pathogens (Fig. 5).

Fig 3. (A and B) Babesia bigemina with Pyriform body at acute angle inside the
erythrocytes in Giemsa stained blood smear.

¥ 4 at
.
. v
. k <
»
ol
ko
9 um

Fig. 4. Theileria annulata inside the erythrocytes in blood smear stained by Gi-
emsa.

A total of 72 blood samples from crossbred cattle of both
sexes were examined clinically, laboratory and by molecular iden-
tification. Out of these, 43 cattle were healthy, while 19 (26.38%)
had theileriosis and 10 (13.88%) had babesiosis.

Diseased animals were divided into two groups: B. bigemina

Table 2. Serum biochemical evaluation of control, Babesia, and Theileria infected cattle before and after treatment.

Babesia Theileria
Parameters
Control Infected Treated Infected Treated
ALT (U/L) 12.75+ 0.61¢ 22.65+0.73* 15.68+0.72° 2111+ 1.4° 14.27+0.5°
AST (U/L) 27.56+3.8° 60.74+6.8 * 3438 £1.7° 66.07+11.9° 38.72+7.8°
Urea (mg/dL) 31.04+0.92¢ 51.4+0.95° 43.00£1.9° 51.46+ 0.63° 40.07+2.3°
Creatinine (mg/dL) 0.88+0.09 ¢ 3.35+0.21% 1.74+0.19 ® 3.84+0.12* 1.83+0.34°
Total protein (g/dl) 7.12+0.13¢ 5.92 £0.21¢ 6.12+0.31° 5.20 +£0.39° 6.24+0.13°
Albumin (g/dl) 3.84+0.007° 1.97 +£0.14¢ 2.3240.24° 1.35£0.21¢ 2.84+0.12°
Globulin (g/dl) 3.28+0.08° 3.95 £0.4° 3.80+0.41° 3.85+ 0.4 3.40 £0.52°
Glucose (mg/dL) 78.50+ 3.2 60.44 £1.5¢ 67.2+1.4° 58.5+3.2¢ 66.51+2.6°
Values (mean + SE) in different columns with the different superscripts are significantly different at P<0.05.
Table 3. Serum Oxidant and antioxidant level of control, Babesia, and Theileria infected cattle before and after treatment.
Parameters Babesia Theileria
Control Infected Treated Infected Treated
MDA (nmol/ml) 2.88+0.07¢ 7.46+0.21° 4.9440.24° 7.65+0.17* 5.76+0.17°
Catalase(U/ml) 2.39+0.09° 0.93+0.02¢ 1.24+0.09% 0.89+0.04¢ 1.48+0.18°
GPx (nmol/l) 5.72 £0.122 2.37+0.20° 3.77+0.16° 2.0740.25¢ 3.45+0.18°

Values (mean + SE) in different columns with the different superscripts are significantly different at P<0.05.
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(10 animals) and T. annulata (10 animals). Additionally, 10 clini-
cally healthy cows, confirmed by laboratory tests and molecular
identification of blood parasite, served as controls.

12 3 45678910 bpl1121314 151617181920212223

[

[
g
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12 34 567 89101112 13bp 14151617 1819 20 212223

«u__g-:____-l 8-

Fig. 5. PCR amplification from blood samples using: 18S rDNA Gene, (B) PCR
amplification from the same blood samples using: Specific primers 7. annulata
(Tamsl), and B. bigemina SSTRNA, Base pairs are used to represent fragment
sizes (bp).

Hematological findings

The information for the hematological analysis is illustrated
in Tables 1.

Biochemical finding

The information for biochemical and oxidant antioxidant pro-
file illustrated in Tables 2 and 3.

DISCUSSION

The current research aimed to validate tick identification
using DNA sequences, addressing limitations in morphological
identification, including the need for expertise and time (Dan-
tas-Torres et al,, 2013). Molecular tick recognition, utilizing DNA
sequences, aims to enhance accuracy and efficiency. PCR ampli-
fication and DNA sequencing techniques offer a more objective
and reliable approach, examining unique genetic markers for
precise species identification.

For the molecular identification of Babesia spp., blood sam-
ples that tested positive in the morphological examination un-
derwent PCR amplification. Species-specific primers successfully
amplified most of the samples, whereas general primers target-
ing Piroplasma failed to amplify the majority. This suggests that
the general primers may not serve as suitable diagnostic markers.
Our results are similar with those of (El-Dakhly et al.,, 2020), who
reported variations in the diagnostic marker for Theileria spp.,
even among isolates from the same geographic region. The exis-
tence of such molecular marker variations can impede the ampli-
fication of certain species.

Hematological findings in this study revealed significant
drops in RBCs (x10%/mm3), Hb (g/dl), and PCV% in Babesia-in-
fected cattle, along with rises in MCV and declines in MCHC, indi-
cating macrocytic hypochromic anemia (Pandy and Misra, 1987;
Ibrahim et al, 2009; Zulfigar et al., 2012). This suggests severe
intravascular red blood cell hemolysis in cattle with persistent
babesiosis. Immune-mediated parasite damage may play a role
in anemia development (Messick, 2004). Activated macrophages'’

increased erythrophagocytosis (Court et al., 2001) the generation
of antibodies targeting red blood cells (Gées et al., 2007) could
also play a role in the development of anemia, aligning with pre-
vious research findings (Mahmmod et al,, 2011; Aziz et al., 2020).

Total leukocytic count in Babesia-diseased cows increased
significantly, which may be because the host was mounted at the
time of infection (Aulakh et al., 2005). Neutrophilia occurred in
Babesia infected cows were noted by Saud et al. (2005); Mah-
moud et al. (2015) and Ganguly et al. (2017). Lymphopenia ob-
served in Babesia infected cattle, resembling findings were noted
by Tufani et al. (2015) and Aziz et al. (2020).

Normocytic normochromic anemia of Theileria infected cattle
affiliated with notable decrease in RBCs, Hb and PCV. Compa-
rable results of decreasing in hemoglobin, packed cell volume
and total erythrocyte count were reported by Sarma et al. (2016);
Ayadi et al. (2017) and Kumar et al. (2018). MCV, MCH, and MCHC
have already reported insignificant changes (Sandhu et al., 1998;
Ibrahim et al., 2009). Thrombocytopenia was found in Babesia and
Theileria infected cows. Thrombocytopenia is typically found with
erythrocyte protozoal infections. Increased platelet consumption
in severe diseases may be caused by intravascular disseminated
coagulation or an immune-mediated mechanism (Taboada, 2006;
Riond et al., 2008). However, Thrombocytopenia is commonly as-
sociated with the connection between enhanced platelet phago-
cytosis in response to antibodies binding to their surfaces and
the activation of macrophages through inflammatory cytokines
like macrophage colony-stimulating factor (M-CSF) and interfer-
on gamma (IFN-) (Musaji et al.,, 2004). Regularly, enhanced de-
struction and sequestration of platelets by splenic macrophages
may also be connected to spleen inflammation, which is associat-
ed with a number of parasitic tick-borne diseases. (Pantanowitz,
2002).

In Theileria infected animals exhibit significant reduction
in total leukocytes count and neutrophils while lymphocytosis
and monocytosis were observed in comparison with apparent-
ly healthy control animals. These leukogram alterations may be
caused by Theileria toxic metabolites, which have long-lasting
negative effects on hematological tissues, particularly bone mar-
row, and interfere with neurogenesis. Ibrahim et al., (2009), ob-
served the relative rise in lymphocyte and monocyte numbers
serves as a defense mechanism for target cells against Theile-
ria protozoan invasion. The significant increase in eosinophils in
babesiosis and theileriosis may be caused by allergic reactions
brought on by parasitic tick infestation on skin (Coles, 1986).

Data analysis showed that the mean activity of AST and ALT
in serum elevated significantly in Babesia and Theileria cases.
These findings coincide previous work of (Schneider et al,, 2011,
Zulfiqar et al., 2012) who revealed elevated serum ALT and AST
levels in cattle infected with Babesia may be an indicator of he-
patic dysfunction. Moreover, increased ALT and AST levels point
to a negative effect of toxic Babesia metabolites, which affect he-
patocyte function and cause the release of liver enzymes (Sharma
et al, 2016). Alternately, elevated liver enzymes during Babesia
infection might be the consequence of liver lesions and damage
brought on by the parasite during blood-stage growth, which
would indirectly induce hepatic dysfunction (Alam and Nasr,
2011). With babesiosis, elevated liver enzymes may also occur
after RBC lysis or hyperbilirubinemia (Nasreldin et al., 2020).AST
and ALT levels in blood of Theileria cases were significantly in-
creased than healthy animal. Similar findings were observed by
Sandhu et al., (1998); Singh et al. (2001); Omer et al. (2003)and
Devadevi et al. (2018). Infection with T .annulata lead to damage
in liver tissue characterized by distortion of hepatic cords, coagu-
lative necrosis, and lymphocytic infiltration in the periportal areas
(Sandhu et al., 1998).

Serum urea and creatinine level in Babesia infected cattle
found to be higher than parasitic free animal, these findings
are in similarly with those of Otsuka et al. (2002); Hamoda et al.
(2014); Hashem et al. (2018) and Charaya et al. (2021). This result
may be caused by the presence of globin catabolites released
during hemoglobin breakdown which indicate indirect renal tis-
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sue damage (Ismael et al., 2016). This diminution in renal function
could be brought on by hemoglobin casts, necrotizing, and the
separation epithelial cells of renal tubule in the proximal convo-
luted tubules (Solano-Gallego et al., 2008), hypoxia, and hemo-
globinuria, which may have caused toxic and hypoxic renal tissue
damage (Hamoda et al., 2014, Ganguly et al., 2017).

Serum urea and creatinine of cows infected with Theileria
showed marked increased than healthy animal and treated one,
these findings are in coordinate with Sandhu et al. (1998); Singh
et al. (2001); Col and Uslu (2007) and Somu and Mani (2021).
Sandhu et al. (1998) suggested elevated levels of urea and cre-
atinine in Theileria infected cattle probably due to liver and renal
damage. On other hand (Omer et al., 2003) revealed a non-signif-
icant rise in T annulata-infected cattle.

In the current study, results show total protein and albu-
min levels of diseased animals with either Babesia or Theileria
decreased significantly in comparison to non-infected animals.
These data are in line with the earlier research, which shows that
hypoalbuminemia in B.bigemina infected cows could be due to
not getting enough protein from diet due to malnutrition and
fever-accompanied illness; impairment of liver function during
babesiosis that reduces albumin synthesis (Salem et al, 2016).
The decrease in albumin levels can be attributed to the impaired
protein synthesis capacity of the affected liver and the excretion
of albumin in the urine as albuminuria. The decrease in albumin
is accompanied by malnutrition during the disease, as mentioned
by Henley and Vaitukaitis, (1985). These notable alterations likely
indicate inflammatory changes in the cells of the liver and glom-
eruli, which consequently impact their functions. These findings
align with the results reported by Sandhu et al, (1998); Singh
et al. (2001). The results revealed significantly reduce blood glu-
cose level in infected animal could be ascribed to a severe loss
of glycogen reserves, persistent feverish condition brought on by
babesiosis, and theileriosis, which causes anorexia, which in turn
causes hypoglycemia (Col and Uslu, 2007; Hussein et al.,, 2007;
Alam and Nasr, 2011; Ganguly et al.,, 2015; Aziz et al., 2020; Khan
et al, 2011 and Nasreldin et al., 2020). Utilization of glucose by
the parasite and the injured liver both have the capability of low-
ering blood glucose levels (Zulfiqar et al., 2012). Hypoglycemic
Theileria infected cows are probably due to reduce feed intake
and dysfunction of the intestine (Forsyth et al., 1999; Ganguly et
al, 2015).

The cooperative actions of tightly regulated antioxidant
enzymes safeguard tissues and cells against oxidative damage
caused by reactive oxygen species (ROS) and oxidants (Nazariza-
deh and Asri-Rezaie, 2016). Infections with various parasites el-
evate ROS levels, resulting in cellular and tissue damage (Deger
et al., 2008; Ince, et al, 2010). ROS-induced lipid peroxidation,
measured by malondialdehyde (MDA), is a significant biomarker,
often elevated in infected cattle, reflecting increased free radical
activity and enzyme depletion (Chaudhuri et al, 2008; Halliwell
and Gutteridge, 2015).

The current study found substantial alterations in MDA, Cat-
alase, and GPx levels in babesiosis and theileriosis cases. Infected
cattle exhibited lower GPx and CAT activity alongside higher MDA
levels, indicating impaired enzyme function and heightened ox-
idative stress (Esmaeilnejad et al., 2020). GPx, essential for ROS
detoxification, may undergo peroxide-mediated deactivation
(Lubos et al, 2011). Catalase activity increased, potentially as a
compensatory response. Parasites damage cells responsible for
antioxidative agent synthesis, consistent with decreased gluta-
thione (GSH) levels seen in diseased animals (EI-Sokkary et al.,
2002; Kolodziejczyk et al., 2005; Ince et al., 2010) depleting host
antioxidant reserves.

Due to the fact that the medications used in the current in-
vestigation were intended to kill the parasites, the treatment of
infected cows to reduce blood parasite complications revealed
significant changes to the hematobiochemical profile as well as
oxidative stress, It blocks the signals necessary for the induction
of the receptors and the growth factor-coding genes. Imidocarb
is the medicine of choice for treating bovine babesiosis brought
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on by B. bigemina, B. bovis, B. divergens, and B. caballi. 1t is ef-
fective at a suggested dose of 1-3 mg/kg (Kuttler, 1980). Imo-
docarb dipropionate therapy caused the Babesia parasitaemia to
diminish between 24 and 48 hours later (Patarroyo et al., 1982).
Improvements in biochemical markers following imidocarb di-
propionate delivery to Babesia-infected cows suggest recovery
from potential damage of liver and kidney. The current findings
were consistent with (Sevinc et al,, 2013). Buparvaquone is effec-
tive against theileriosis (Abdela and Bekele, 2016). Buparvaquone
was successfully administered as a single deep intramuscular in-
jection to cows that had tropical theileriosis (Azhahianambi et al.,
2021). Buparvaquone is an effective drug for treating and pre-
venting all types of theileriosis (Verma and Singh, 2016).

CONCLUSION

There is a genuine danger to the cattle industry in Egypt due
to the existence of babesiosis, theileriosis, and tick as their vec-
tor. Modern techniques like PCR should be utilized for precise
monitoring and to prevent spread of such diseases. Furthermore,
adverse effect of Babesia and Theileria on hematological, bio-
chemical, and antioxidant parameters can be eliminated through
the appropriate use of medications such as Imidocarb dipropio-
nate for babesiosis and Buparvaquone for theileriosis.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Abas, O., Abd-Elrahman, A, Saleh, A, Bessat, M., 2021. Prevalence of tick-
borne haemoparasites and their perceived co-occurrences with
viral outbreaks of FMD and LSD and their associated factors. He-
liyon 7, e06479.

Abdel-Hamied, E., Aboelhadid, S., Arafa, W., Mahmoud, M., 2020. Clini-
cal, lipid peroxidation, antioxidant status and hemato-biochemi-
cal altera-tions in tropical theileriosis affected crossbred cows. J.
Anim. Health Prod. 8, 150-157.

Abdela, N., Bekele, T., 2016. Bovine Theileriosis and its Control: A review
advances in biological research 10, 4, 200-212.

Adham, F.,, Abd-EIl-Samie, E., Gabre, R., Hussein, H. E., 2009. Detection of
tick blood parasites in Egypt using PCR assay |—Babesia bovis
and Babesia bigemina. Parasitology Research 105, 721-730.

Al-Hosary, A., Ahmed, L, Ahmed, J., Nijhof, A, Clausen, P.H., 2018. Ep-
idemiological study on tropical theileriosis (Theileria annulata
infection) in the Egyptian Oases with special reference to the
molecular characterization of Theileria spp. Ticks and Tick-borne
Diseases 9, 1489-1493.

Al-Hosary, A, Réileanu, C,, Tauchmann, O., Fischer, S., Nijhof, A.M,, Silaghi,
C., 2021. Tick species identification and molecular detection of
tick-borne pathogens in blood and ticks collected from cattle in
Egypt. Ticks Tick Borne Dis. 12, 101676.

Alam, T, Nasr, S, 2011. Hematological and biochemical investigation
in bovine babesiosis and theileriosis. Benha Veterinary Medical
Journal 22, 118-126.

Almazan, C,, Tipacamu, G.A,, Rodriguez, S., Mosqueda, J., de Leon, A.P.,
2018. Immunological control of ticks and tick-borne diseases
that impact cattle health and production. Frontiers in Biosci-
ence-Landmark 23, 1535-1551.

Almeria, S., Castella, J.,, Ferrer, D., Ortuno, A, Estrada-Pefa, A., Gutierrez,
J., 2001. Bovine piroplasms in Minorca (Balearic Islands, Spain): a
comparison of PCR-based and light microscopy detection. Veter-
inary Parasitology 99, 249-259.

Aulakh, G, Singla, L., Kaur, P., Alka., 2005. ‘Bovine babesiosis due to Ba-
besia bigemina: haematobiochemical and therapeutic studies’,
Indian Journal of Animal Sciences, 75, 617-622.

Ayadi, O.,M. Gharbi, M.C., Benchikh-Elfegoun, M., 2017. Haematological
and biochemical indicators of tropical theileriosis diseased cattle
in wilaya of Sétif (North East Algeria). Journal of parasitic diseases
: official organ of the Indian Society for Parasitology 41, 538-542.

Azhahianambi, P., Madhanmohan, M., Madan, N., Kumaran, D., Priyad-
harshini, M.L.LM., Bharathi, R, Manoharan, S., 2021. Successful
treatment of severe form of bovine tropical theileriosis in dairy
cattle and genotyping of Theileria annulata isolates of Tamil



Haidy E. Mohamed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 10, 2039-2046

Nadu, India. Veterinary Parasitology: Regional Studies and Re-
ports 26, 100628.

Aziz, P, Marodia, S., Ganesan, P., Sharma, C,, 2020. A clinical study on
Hemato-biochemical changes in cows affected with Babesiosis.
Pharm. Innov. J. 9, 242-245.

Benjamin, M.M.,1978. Outline of veterinary clinical pathology: lowa State
University Press.

Bock, R, Jackson, L., De Vos, A., Jorgensen, W., 2004. Babesiosis of cattle.
Parasitology 129, 47-S269.

Bose, R, Jorgensen, W.K, Dalgliesh, RJ., Friedhoff, K.T., de Vos, A.J., 1995.
Current state and future trends in the diagnosis of babesiosis. Vet
Parasitol. 57, 61-74.

Bursakov, S.A., Kovalchuk, S.N., 2019. Co-infection with tick-borne disease
agents in cattle in Russia. Ticks Tick Borne Dis. 10, 709-713.

Callow, L.L, 1984. Animal health in Australia. Volume 5. Protozoal and
rickettsial diseases: Australian Government Publishing Service.

Casati, S., Sager, H., Gern, L., Piffaretti, J.,, 2006. Presence of potentially
pathogenic Babesia sp. for human in Ixodes ricinus in Switzerland.
Annals of Agricultural and Environmental Medicine 13, .

Charaya, G., Goel, P., Kaur, J.,, Kumar, M., Singh, Y., 2021. Alterations in
haematobiochemical parameters in crossbred cattle suffering
from Babesiosis. Indian J. Vet. Med. 41, 65-67.

Chaudhuri, S., Varshney, J.P., Patra, R.C,, 2008. Erythrocytic antioxidant
defense, lipid peroxides level and blood iron, zinc and copper
concentrations in dogs naturally infected with Babesia gibsoni.
Research in Veterinary Science 85, 120-124.

Col, R, Uslu, U., 2007. Changes in selected serum components in cattle
naturally infected with Theileria annulata. Bulletin of The Veteri-
nary Institute in Pulawy 51, 15-18.

Coles, E.H., 1986. Veterinary Clinical Pathology (W.B. Saunders Company,
Philadelphia.).

Court, RA,, Jackson,L A, Lee, R.P., 2001. Elevated anti-parasitic activity in
peripheral blood monocytes and neutrophils of cattle infected
with Babesia bovis. Int. J. Parasitol. 31, 29-37.

Dantas-Torres, F., Maria Stefania Latrofa, Giada Annoscia, Alessio Giannel-
li, Antonio Parisi, Otranto, D., 2013. ‘Morphological and genetic
diversity of Rhipicephalus sanguineus sensu lato from the New
and Old Worlds. Parasites and Vectors 6, 1-17.

Deger, Y., Ertekin, A, Deger, S., Mert, H., 2008. Lipid peroxidation and an-
tioxidant potential of sheep liver infected naturally with distoma-
tosis. Turkiye Parazitoloji Dergisi. 32, 23-26.

Devadevi, N., Rajkumar, K., Vijayalakshmi, P., Venkatesa Perumal, S., 2018.
Clinical and Haematobiochemical Changes in Cattle with Theile-
ria orientalis Infection. 8, 258-263.

El-Dakhly, K. M., Arafa, W. M., Soliman, S., Abdel-Fatah, O. R.,, Wahba, A.
A., Esteve-Gasent, M. D., Holman, P. J,, 2020. Molecular detection,
phylogenetic analysis, and genetic diversity of Theileria annula-
ta, Babesia bigemina, and Anaplasma marginale in cattle in three
districts of Egypt. Acta Parasitologica 65, 620-627.

El-Sokkary, G.H., Omar, H.M., Hassanein, A.-F.M., Cuzzocrea, S., Reiter, RJ.,
2002. Melatonin reduces oxidative damage and increases survival
of mice infected with Schistosoma mansoni. Free Radical Biology
and Medicine 32, 319-332.

Elsify, A, Sivakumar, T., Nayel, M., Salama, A., Elkhtam, A, Rizk, M., Iga-
rashi, I., 2015. An epidemiological survey of bovine Babesia and
Theileria parasites in cattle, buffaloes, and sheep in Egypt. Parasi-
tology international. 64, 79-85.

Esmaeilnejad, B., Tavassoli, M., Dalir-Naghadeh, B., Samiei, A, Rajabi, S.,
Mohammadi, V., Ehteshamfar, S., 2020. Status of oxidative stress,
trace elements, sialic acid and cholinesterase activity in cattle nat-
urally infected with Babesia bigemina. Comparative Immunology,
Microbiology and Infectious Diseases 71, 101503.

Farid, D.S., Abouelhassan, E.M., El-Sebae, AA,, Enany, M.E.,, Youssef. All,
2021. 'Ectoparasite fauna of commensal rodents collected from
the North Sinai governorate, Egypt and its public health signifi-
cance’, Adv. Anim. Vet. Sci. 9, 563-570.

Feldman, B.G., Zinkl, J.G., Jain, N.C., 2000. Schalm'’s veterinary hematology.
Philadelphia: Lippincott Williams and Wilkins.

Fereig, R.M., Mohamed, S.G., Mahmoud, H.Y., Aboulaila, M.R., Guswanto,
A., Nguyen, T.T., Nishikawa, Y., 2017. Seroprevalence of Babesia
bovis, B. bigemina, Trypanosoma evansi, and Anaplasma margin-
ale antibodies in cattle in southern Egypt. Ticks and Tick-borne
Diseases 8, 125-131.

Forsyth, LM.G., Minns, F.C,, Kirvar, E., Adamson, R.E,, Hall, F.R,, McOrist, S.,
Preston, P.M., 1999. Tissue Damage in Cattle Infected withTheile-
ria annulataAccompanied by Metastasis of Cytokine-producing,
Schizont-infected Mononuclear Phagocytes. Journal of Compar-
ative Pathology 120, 39-57.

Ganguly, A, Bhanot, V., Bisla, R, Ganguly, I, Singh, H., Chaudhri, S., 2015.
Hematobiochemical alterations and direct blood polymerase

chain reaction detection of Theileria annulata in naturally infect-
ed crossbred cows. Vet. World 8, 24.

Ganguly, A, Bisla, R, Ganguly, I, Singh, H.S., Bhanot, V., Chaudhri, S., 2017.
Direct blood PCR detection of Babesia bigemina and its effect
on haematological and biochemical profile in crossbred cattle of
eastern Haryana. Indian Journal of Animal Research 51.

Goes, T.S., Goes, V.S, Ribeiro, M.F., Gontijo, C.M., 2007. Bovine babesiosis:
anti-erythrocyte antibodies purification from the sera of naturally
infected cattle. Vet Immunol Immunopathol. 116, 215-218.

Halliwell, B., Gutteridge, J.M., 2015. Free radicals in biology and medicine:
Oxford university press, USA.

Hamoda, AF., Radwan, M., Rashed, R, Amin, A., 2014. Toxic effect of ba-
besiosis in cattle and chemotherapiotic treatment in Egypt. Am. J.
Infect. Dis. Micro. 2, 91-96.

Hashem, M.A,, Neamat-Allah, AN.F., Gheith, M.A., 2018. A study of bovin
babesiosis and treatment with reference to hematobiochemical
and molecular diagnosis. Slovenian Veterinary Research 55, 165-
173.

Henley, K.M., Vaitukaitis, J.L., 1985. Hormonal changes associated with
changes in body weight. Clin Obstet Gynecol. 28, 615-631.

Hoogstraal, H., 1956. ‘African Ixodoidea. Ticks of the Sudan (with special
reference to Equatoria Province and with preliminary reviews pf
the genera Boophilus, Margaropus, and Hyalomma)', African Ixo-
doidea. I. Ticks of the Sudan 1, 1-1105.

Hudson, AT, Randall, AW., Fry, M., Ginger, C.D., Hill, B., Latter, V.S., Wil-
liams, R.B., 1985. Novel anti-malarial hydroxynaphthoquinones
with potent broad spectrum anti-protozoal activity. Parasitology
90, 45-55.

Hussein, A.H., Mohammed, N.A.E., Mohammed, H.K., 2007. Theilerio-
sis and babesiosis in cattle: haemogram and some biochemical
parametrers. ISAH-2007 Tartu, Estonia.

Ibrahim, AK., El Behairy, AM., Mahran, K.A., Awad, W., 2009. ‘Clinical and
laboratory diagnosis of piroplasmids in naturally infected cattle in
Egypt. J. Egypt. Vet. Med. Assoc. 69, 191-203.

Ince, S., Kozan, E., Kucukkurt, I, Bacak, E.,, 2010. The effect of levamisole
and levamisole+ vitamin C on oxidative damage in rats natural-
ly infected with Syphacia muris. Experimental Parasitology 124,
448-452.

Ismael, A, Swelum, AA, Khalaf, A, Alowaimer, A, 2016. First evidence
of natural anaplasmosis in Camelus dromedarius in Saudi Arabia.
Journal of Camel Practice and Research 23, 95-100.

Jacobson, LS., 2006. The South African form of severe and complicated
canine babesiosis: clinical advances 1994-2004. Veterinary Para-
sitology 138, 126-139.

Johnson, M., Irena, Z., Yan R,, Yuri M., Scott, M., Madden, T.L., 2008. NCBI
BLAST: a better web interface. Nucleic acids Research 36, W5-W9.

Khan, LA, Khan, A, Hussain, A, Riaz, A, Aziz, A,, 2011. Hemato-biochem-
ical alterations in cross bred cattle affected with bovine theilerio-
sis in semi arid zone. Pak. Vet. J. 31, 137-140.

Kirvar, E., llhan,T., Katzer, F., Hooshmand-Rad, P., Zweygarth, E., Gersten-
berg, C., Phipps, P., Brown.C., 2000. 'Detection of Theileria an-
nulata in cattle and vector ticks by PCR using the Tams1 gene
sequences. Parasitology 120, 245-54.

Kolodziejczyk, L., Siemieniuk, E., Skrzydlewska, E., 2005. Antioxidant po-
tential of rat liver in experimental infection with Fasciola hepatica.
Parasitology Research 96, 367-372.

Kumar, B., Mondal, D.B., Jithin, M.V., 2018. ‘Prevalence of babesiosis in
cattle in Patna region. India. Int. J. Curr. Microbiol. Appl. Sci. 7,
5167-74.

Kuttler, K., 1980. Pharmacotherapeutics of drugs used in treatment of
anaplasmosis and babesiosis. Journal of the American Veterinary
Medical Association 176, 1103-1108.

Lubos, E., Loscalzo, J.,, Handy, D.E, 2011. Glutathione peroxidase-1 in
health and disease: from molecular mechanisms to therapeutic
opportunities. Antioxid Redox Signal 15, 1957-1997.

Mahmmod, Y.S., Elbalkemy, F.A, Klaas, I.C., ElImekkawy, M.F., Monazie,
AM., 2011. ‘Clinical and haematological study on water buffa-
loes (Bubalus bubalis) and crossbred cattle naturally infected with
Theileria annulata in Sharkia province, Egypt. Ticks Tick Borne Dis.
2,168-171.

Mahmoud, M., Kandil, O., Nasr, S., Hendawy, S., Habeeb, S., Mabrouk, D.,
Silva, M., Suarez. C., 2015. Serological and molecular diagnostic
surveys combined with examining hematological profiles sug-
gests increased levels of infection and hematological response
of cattle to babesiosis infections compared to native buffaloes in
Egypt. Parasites and Vectors 8, 319-319.

Masare, P.S., Bhikane, A.U., Syed, A.M., Ghoke, S.S., Awaz, K.B., 2009. Ep-
idemiological and clinico-therapeutic studies on theileriosis in
calves. Intas Polivet, 10, 289-292.

McColm, A.A,, McHardy, N., 1984. Evaluation of a range of antimicrobial

2045



Haidy E. Mohamed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 10, 2039-2046

agents against the parasitic protozoa, Plasmodium falciparum,
Babesia rodhaini and Theileria parva in vitro. Ann Trop Med Par-
asitol. 78, 345-354.

Mohamed, M.A., Anders, J.L., Ahmed, W.M,, Lee, K., Elbaz, E., Sashika, M.,
Nakao, R, Shimozuru, M., Tsubota, T., 2021. Specific molecular
detection of piroplasms and characterization of B-tubulin for a
novel Babesia species in sika deer (Cervus nippon yesoensis). J.
Zoo Wild Med. 52, 200-205.

Messick, J.B. 2004. Hemotrophic mycoplasmas (hemoplasmas): a review
and new insights into pathogenic potential. Vet. Clin. Pathol. 33,
2-13.

Mosqueda, J., Olvera-Ramirez, A., Aguilar-Tipacamu, G., Canto, G., 2012.
Current advances in detection and treatment of babesiosis. Curr
Med Chem. 19, 1504-1518.

Musaji, A, Francoise, C., Gaétan, T., César L., Jean-Paul C., 2004. ‘Exacer-
bation of autoantibody-mediated thrombocytopenic purpura by
infection with mouse viruses. Blood 104, 2102-2106.

Nasreldin, N., Ewida, R.M., Hamdon, H., Elnaker, Y.F., 2020. Molecular di-
agnosis and biochemical studies of tick-borne diseases (anaplas-
mosis and babesiosis) in Aberdeen Angus Cattle in New Valley,
Egypt. Vet World 13, 1884-1891.

Nayel, M., EI-Dakhly, K.M., Aboulaila, M., Elsify, A., Hassan, H., Ibrahim, E.,
Yanai, T., 2012. The use of different diagnostic tools for Babesia
and Theileria parasites in cattle in Menofia, Egypt. Parasitology
Research 111, 1019-1024.

Nazarizadeh, A., Asri-Rezaie, S., 2016. Comparative study of antidiabetic
activity and oxidative stress induced by zinc oxide nanoparticles
and zinc sulfate in diabetic rats. AAPS Pharm. Sci. Tech. 17, 834-
843.

Noaman, V., 2013. A molecular study on Theileria and Babesia in cattle
from Isfahan province, Central Iran. Journal of Parasitic Diseases
37,208-210.

Norris, Douglas E., Klompen, J.S., William, J.S., Black, C., 1999. ‘Comparison
of the mitochondrial 12S and 16S ribosomal DNA genes in re-
solving phylogenetic relationships among hard ticks (Acari: Ixodi-
dae)’, Annals of the Entomological Society of America 92, 117-29.

Omer, O.H,, EI-Malik, K.H., Magzoub, M., Mahmoud, O.M., Haroun, EM.,
Hawas, A., Omar, H. M.,2003. Biochemical profiles in Friesian cat-
tle naturally infected with Theileria annulata in Saudi Arabia. Vet.
Res. Commun. 27, 15-25.

Otsuka, Y., Amasaki, M., Yamato, O., Maede, Y.J., 2002. The ffectof macro-
phages on the erythrocytes oxidative damage and pathogenesis
of anemia in Babesia gibsoni infected dogs with low parasitemia.
J. Vet. Med. 64, 221-223.

Pandy, N., Misra, S., 1987. Haematological and Biochemical response to
haemolyticanaemia of clinical Babesiosis in cattle and therapy.
Ind. Vet. J. 64, 882-886.

Pantanowitz, L. 2002. ' Mechanisms of Thrombocytopenia in Tick-Borne
Diseases.’, The Internet Journal of Infectious Diseases 2.
Patarroyo, J.H., Ribeiro, M.F., Vargas, M.I., 1982. Effect of imidocarb di-
propionate in Brazilian anaplasmosis and babesiosis. Trop Anim

Health Prod. 14, 234.

Radostits, O.M., Gay, C., Hinchcliff, KW., Constable, P.D., 2006. Veterinary
Medicine E-Book: A textbook of the diseases of cattle, horses,
sheep, pigs and goats: Elsevier Health Sciences.

Riond, B., Marina L. Meli, U., Peter D., Kaspar J.,, Rudolf T., Hans L., Regi-
na H., 2008. ‘Concurrent infections with vector-borne pathogens

2046

associated with fatal anaemia in cattle: haematology and blood
chemistry’, Comparative Clinical Patholog 17, 171-77.

Salem, N.Y., Yehia, S.G., Farag, H.S., Elkhiat, M.A., 2016. Clinical, hema-
to-biochemical alterations and oxidant-antioxidant biomarkers
in Babesia-infected calves. International Journal of Veterinary Sci-
ence and Medicine 4, 17-22.

Sandhu, G., Grewal, A, Singh, A, Kondal, J., Singh, J., Brar, R., 1998. Hae-
matological and biochemical studies on experimental Theileria
annulata infection in crossbred calves. Veterinary research com-
munications 22. 347-354.

Sarma, K., Prasad, H., Das, G., Behera, P., S.K,, Rajesh, J.B., Borthakur., S.K.
2016. Theileriasis in crossbred cows and its therapeutic manage-
ment: first report from Lushai hill district of Mizoram. Journal of
parasitic diseases : official organ of the Indian Society for Parasi-
tology 40, 605-10.

Saud, N., F.A. Ahmed, I.U. Sheikh, Bhattacharya, M., 2005. ‘Prevalence of
bovine babesiosis in Dirang valley of Arunachal Pradesh.’, Indian
Veterinary Journal, 82: 1011-12.

Schneider, D., Yan, H., Bastos, R, Johnson, W., Gavin, P., Allen, A., Goff,
W., 2011. Dynamics of bovine spleen cell populations during the
acute response to Babesia bovis infection: an immunohistological
study. Parasite Immunology 33, 34-44.

Sevinc, F., Sevinc, M., Ekici, O.D,, Yildiz, R, Isik, N., Aydogdu, U., 2013.
Babesia ovis infections: Detailed clinical and laboratory observa-
tions in the pre- and post-treatment periods of 97 field cases.
Veterinary Parasitology 191, 35-43.

Sharma, A, Singla, L.D., Batth, B.K,, Kaur, P., 2016. Clinicopatho-biochem-
ical alterations associated with subclinical babesiosis in dairy ani-
mals. Journal of arthropod-borne diseases 10, 258.

Singh, A, Singh, J., Grewal, AS., Brar, R.S., 2001. Studies on some blood
parameters of crossbred calves with experimental Theileria annu-
lata infections. Vet Res Commun 25, 289-300.

Solano-Gallego, L., Trotta, M., Carli, E., Carcy, B., Caldin, M., Furlanello, T.,
2008. Babesia canis canis and Babesia canis vogeli clinicopath-
ological findings and DNA detection by means of PCR-RFLP in
blood from Italian dogs suspected of tick-borne disease. Vet Par-
asitol. 157, 211-221.

Somu, Y., Mani, S., 2021. Haemato-Biochemical and Electrolyte Chang-
es in Naturally Occurring Theileria Associated Bovine Anaemia
(Taba). Research Aspects in Agriculture and Veterinary Science
101.

Taboada, J.R. 2006. Babesiosis. In: Greene CE, editor. Infectious diseases of
the dog and Cat. (St Louis: Saunders Elsevier).

Tufani, N.A,, Fazili, M.R.,, Malik, H.U., Beigh, S.A., Hussain Dar, K, 2015.
‘Clinico haematological Profile and therapeutic management of
acute babesiosis in a Holstein-friesian crossbred cow’, Veterinary
Clinical Science 3, 11-14.

Verma, AK., Singh, S.K.,, 2016. Control and therapeutic management of
bovine tropical theileriosis in crossbred cattle. Journal of Parasitic
Diseases 40, 208-210.

Walker, AR, 2003. Ticks of domestic animals in Africa: a guide to identifi-
cation of species (Bioscience Reports Edinburgh).

Zulfigar, S., Shahnawaz, S., Ali, M., Bhutta, A. M., Igbal, S., Hayat, S., Saeed,
A., 2012 . Detection of Babesia bovis in blood samples and its ef-
fect on the hematological and serum biochemical profile in large
ruminants from Southern Punjab. Asian Pacific journal of tropical
biomedicine 2, 104-108.



