148

Egypt. J. Vet. Sci. Vol. 55, No. 6, pp. 1627-1636 (2024)

Egyptian Journal of Veterinary Sciences

https://ejvs.journals.ekb.eg/

Molecular Detection and Prevalence of the Toxocara Cati Parasite
in Household Cats Breeds in the Al-Anbar Province-Iraq CrossMark

AKil Farouq Alshawi and Omar Jassim Alhayani
Internal and Preventive Veterinary Medicine, College of Veterinary Medicine,
University of Baghdad, Iraq.

Introduction

Txocara cati is a globally prevalent parasitic roundworm that affects cats. It is a member
of the Ascarididae family, which includes one of the most common intestinal parasites.
The aim of this study was to investigate the prevalence of Toxocara cati in a total of 100
individuals from two major breeds from Al-Anbar (50 Shirazi and 50 Himalayan breeds).
Therefore, this is the first parasite investigation as well as molecular characteristic analysis
to be conducted in Iraq on household cats. After conducting a comprehensive examination,
the clinical indicators exhibited by these animals were reported. In order to examine parasite
eggs under a microscope, we collected faeces from each animal. A small sample of faeces
was also subjected to molecular analysis. Blood samples were also used to study the effects
of this parasite on eosinophils. PCR-based approaches that employ genetic markers from
the nuclear and mitochondrial genomes have emerged as viable substitutes due to their
sensitivity, specificity, speed, and effectiveness. Our investigation found that infestation rates,
according to the molecular method, were 31% (15 in Shirazi and 16 in Himalayan), which
was similar to microscopy results. Subsequently, domestic cats residing in urban Al-Anbar
exhibit an elevated prevalence of 7. cati. Therefore, it is crucial to develop effective methods
for identifying and eliminating 7. cati parasites in domestic cats, while simultaneously
prioritising public education on animal and human health.
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reported in children, especially those of low age [5,
6]. Keeping cats as pets, touching and playing with

Domestic and stray cats are the definitive hosts
of Toxocara spp., which are considered zoonotic
parasites of public health and veterinary concern
[1, 2]. This parasitic nematode can infect feline
breeds. Besides cats, it can infect other animals,
including dogs, wild felids, and foxes [3, 4].

This pathogen has a life cycle that begins with
the ingestion of infective eggs, which are present in
contaminated soil or faeces of infected cats. These
eggs can hatch and develop into adult worms and
grow up to 10 cm in length, with females capable
of producing hundreds of thousands of eggs daily.
Moreover, human infections are more commonly

these animals, geophagy by children, free entry
of dogs and cats into farmland and public parks,
and non-compliance with sanitation in eating non-
washed vegetables are among the most important
risk factors associated with toxocariasis [7].

Furthermore, their infection can be detected
in cats using clinical elements, microscopy and
molecular paths. Clinical signs of Toxocara
cati infection may include vomiting, diarrhoea,
abdominal pain, weight loss, and poor body
condition [8]. A microscopic study could
provide information about the morphological
characteristics of 7. cati in feline breeds. This
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can involve examining faecal samples from
infected cats for the presence of 7. cati eggs [9]. A
molecular study could provide information about
the genetic makeup of this parasite in household
cats. This might involve amplifying specific genes
from Toxocara cati, such as the second internal
transcribed spacer (/7S-2) region of ribosomal
DNA [10,11].

Overall, the prevalence of endoparasites in cats
in Europe has been found to vary between 20%
and 40% [12]. Also, several studies reported that
stray or free-ranging outdoor cats have a higher
frequency of parasites than indoor-keeping cats.
For instance, in Greece, stray cats were 8.8 times
more likely to be infected with Toxocariasis when
compared to owned cats. Similarly, the infection
rate of 7° cati was 2.7 times higher for cats living
outdoors in comparison to those staying indoors
[13,14].

As previously reported, 7. cati infection is
common in some Iraqi cats. [15] found a 40%
prevalence in Mosul. [16] reported a 12.9%
incidence in Baghdad. However, there is no
molecular data about this disease in Iraq, generally,
as well as no epidemiological study of it among
household cats in Al-Anbar province; therefore,
this research was conducted based on clinical,
microscopic and molecular characterizations.

Material and Methods

Ethics approval

The author confirms that the present work
complied with all necessary protocols and has
received approval from the College of Veterinary
Medicine at the University of Baghdad. The
researcher collected the blood samples from the
animal in accordance with the earlier mentioned
ethical standards.

Study area, sampling, and design

The study area was in Al-Anbar, the western
province of Iraq. The samples were obtained
during the period from October 2022 to January
2023. A total of 100 faecal and blood samples
were taken from Shirazi and Himalayan cats (fifty
samples from each breed). Veterinary clinics and
cat owners provided these samples. Six to eight
grams of cat faeces are deposited in a plastic
container with the sample number, date, age, sex,
and breed noted. For parasitological microscopic
examination, three to five grams of each sample
are collected, and the rest is frozen for molecular
analysis.
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Blood examination (eosinophil cell)

About 1 ml amount of blood is obtained from
the cat’s vein (cephalic vein), with a sterile needle
and syringe for haematological testing (differential
white blood cell count). Next, another glass slide
is used to spread the drop of blood out into a thin,
equal layer on the first slide. The smear is left to
dry naturally. The blood smear is dried and then
stained with Giemsa dye, so that the various types
of white blood cells may be better distinguished
under the microscope: Based on the overall
quantity of white blood cells, the percentage of
each kind can be determined [17].

Microscopic investigation

Microscopic examination of faeces is a widely
used diagnostic tool to identify the presence of
parasite eggs or larvae in the gastrointestinal tract
of animals, such as cats infected with Toxocara
cati. The flotation method is a common diagnostic
method used to detect parasite eggs. In this method,
mix a little excrement with a flotation solution
(saturated NaCl) in a test tube. Thus, parasite eggs
float to the surface of the flotation solution due to
its higher specific gravity. Coverslips are placed
over the tube and removed after a few minutes to
be placed on microscope slides [18,19].

Molecular study

This method is employed for the extraction of
genomic DNA from faeces samples, both fresh
and frozen, was described. So, this study is used
the PrestoTM Stool DNA Extraction Kit, which
a commercially available product that has been
created by Geneaid Biotech Ltd. The kit employs
a patented DNA extraction buffer and spin column
technique in order to obtain substantial quantities
of DNA that exhibit superior quality, rendering it
appropriate for subsequent applications including
PCR, qPCR, sequencing, and genotyping.

The utilisation of genetic markers located in the
ITS-2 region of ribosomal DNA has demonstrated
its efficacy in the identification of individual eggs
at the species level through the process of PCR
amplification. Consequently, this particular region
has exhibited significant advantages in the field of
parasitic worm research [20].

To determine the identification of Toxocara
cati, a total of one hundred DNA samples were
subjected to the usual polymerase chain reaction
(PCR) protocol. In this study, a set of two distinct
oligonucleotide primers were developed for each
ITS-2 region gene of T. cati. These primers were
utilised in a typical polymerase chain reaction
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(PCR) assay, which employing pure DNA
extracted from 7. cati eggs. Besides, we have
designed these primer sequences, for the /7S-2
region of the cati 5.8S ribosomal RNA gene, in
depending NCBI rules, and the /752, namely the
partial sequence in the 5’ to 3’ direction (Table
1). Amplification of the ribosomal /7S-2 gene of
Toxocara cati was under a specific condition of
the PCR thermocycles, which accompanied by the
following stages (Table 2). Additionally, the PCR
data was collected following the amplification
steps. The 10 pul of amplified sample was put on

a 1.5% agarose gel with 3 pl /100 ml ethidium
bromide and 80 V for 1 hour. A loading buffer
and a DNA size marker were also added. Products
were visualised using a UV transilluminator and
photographed with a digital camera; positive
results were determined when the sample’s DNA
band base pairs were the same as the desired
product size.

Phylogenetic sequence analysis.

The sequencing data underwent processing
utilising the GenBank database. The data were
subjected to analysis using MEGA X software

TABLE 1. Toxocara cati 5.8S ribosomal RNA gene and internal transcribed spacer 2

Sequence (5->3)

Band size Primer
232 h TGGTGCATTCTTTCGCAACG Forward primer.
p
GCCGATGACGTTACCTCCAA Reverse primer

TABLE 2. Steps of the PCR condition and thermocycle

No. Steps Temperature Time Cycles
1 Initial denaturation 94 °C 10 minutes
2 Denaturation 94 °C 1 minute
3 Annealing 58°C 20 Second 40
4 Extension 72°C 24 Second
5 Final extension 72 °C 10 Minute

(Version: MEGA, 11.0.11) in order to construct
a phylogenetic tree, with the aim of identifying
genetic similarities between the investigation of T.
cati and isolates from around the world.

Statistical Analysis

It involved the use of SPSS (version 25) to
analyse the data. The Chi-Square Test (specifically
the McNemar Test) was employed to assess the
correlation between all parameters. The findings
indicated significant results at a significance level
of p<0.05.

Results and Discussion

Clinical findings

Our study found the percentage of cats
showed clinical symptoms of infection (15%).
Our clinical findings revealed variability in the
manifestation of several symptoms, with the
predominant symptom being diarrhoea, which
was the most frequently documented sign. The

remaining indicators exhibited irregularity,
including symptoms such as overall debilitation,
emesis, conjunctivitis, and some neurological
manifestations. These findings are aligning with
the results of previous investigations wherein it
was reported that of cats infected with 70 cati had
intestinal symptoms [21].

Microscopic Eggs detection in faeces.

The results of microscopic examination
indicated that 31 samples out of a total of 100
samples of domesticated cats’ faeces found to be
positive for the presence of this parasite worm
eggs, that is considered as moderate in their rate.
More importantly, the prevalence of Toxocara
cati eggs in Shirazi cats was 30% (15 out of 50),
whereas in Himalayan cats was 32% (16 out of
50). Also, when viewed it under a microscope at
a magnification of 40X, these eggs stand out for
their round shape, jagged edges, and robust walls
(Figure 1).
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The present study’s results agreed with
a recent study investigated the coprological
detection of Toxocariasis in the residential areas
of the Kurdistan region of Iraq. The findings
revealed that the prevalence of this parasite
among stray cats was 47.62%, which is about four
times higher than the infection rate observed in
indoor cats, standing at 5.5% [22]. In addition, a
recent comparative investigation was conducted
to examine the prevalence of intestinal parasites
in fecal samples obtained from both domestic
and stray cats residing in Baghdad city. The study
revealed a relatively low infection rate with 1.65%
[23]. It likely that geographical variables and
differences in detection methods may be account
for the observed variations in 7. cati prevalence
among these studies.

Based on the findings of [24], it has been
observed that the occurrence of Toxocara infection
in feline is higher among stray cats that do not
receive veterinary attention in comparison to cats
that are owned by individuals. Furthermore, the
previous data demonstrated a wide spectrum of
prevalence rates, ranging from 5.45% to 67.5% in
feral and free-ranging feline, as well as from 1.6%
to 30.4% in domesticated cats [25].

Eosinophilia finding (differential WBC counts)

Blood smear findings in our study declared 9
(4 Shirazi and 5 Himalayan) of the infested cats
had elevated eosinophil counts. So, eosinophilia
were found to be significantly elevated based on
the slide counted in this investigation.

T cati egg-related to clinical symptoms and
eosinophilia.

The analysis of faccal samples at a microscopic
level aimed to identify parasite eggs, so the results
indicated a strong link between prevalence rate
and an increase of eosinophils in the blood for
Shirazi and Himalayan cats, with P-values of
0.001 and 0.002, respectively. Furthermore,[15]
[26] both reached of corresponding conclusions
in their respective animal investigations, wherein
they observed the presence of leucocytosis of their
cases. Also, a comparison was made between the
clinical symptoms that were seen in animals
with Toxocara cati and the prevalence rate
that was found by looking eggs at faeces from
Shirazi and Himalayan cats under a microscope.
Moreover, our study found that cats showing
clinical symptoms of infection (15 out of 100)
had a notably increased occurrence of parasite
eggs in their faecal samples (P = 0.004 and
0.016) (Table 3).
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Molecular detection of T. cati eggs by PCR

The polymerase chain reaction (PCR) method
was used to look at 100 DNA samples, which
taken from feline faeces. The results showed that
a 232-base pair segment of the I7S-2 gene of T.
cati eggs was amplified in 31 of these samples. It
showed that 16 samples (32%) from the Shirazi
breed and 15 samples (30%) from the Himalayan
breed were positive for 7. cati (Figure 2).

When compared to more traditional assays,
it appears that using PCR technology to detect
Toxocara eggs in faecal samples is appropriate
and accurate method. Moreover, all the data from
microscopical process passed the PCR threshold
0f232 base pairs from faecal samples of household
cats (Shirazi and Himalayan breeds). Also, there
was no statistically significant difference between
the results obtained using the molecular method
(infection rate, 31%) and those obtained using the
microscopic technique (infection rate, 31%) (P =
1.000) (Table 4).

Our study’s outcomes are consistent with those
of'a study [27]. In that study, ribosomal DNA from
T. cati was found in the faeces of infected cats.
So, the prevalence of infection among the feline
population was determined to be 47%. In contrast,
[28] reported opposite results in southwestern Iran
when using microscopy and molecular techniques
to detect and classify soil contamination, which
caused by Toxocara eggs. In particular, their study
showed that Toxocara eggs were in 30.4% and
33.8% of the soil samples, which they found by
looking at the samples with a microscope and PCR
technique. Furthermore, several studies confirmed
that Toxocara spp. eggs can be distinguished from
the eggs of other closely related and/or physically
similar adult helminths by using PCR-based
approaches that utilise the /7S and /7S-2 sections
of rDNA [29,30].

More importantly, in the current study, all the
data obtained from the microscopic procedure
successfully met the PCR threshold of 232 base
pairs. This is agreement with a study conducted
by [31], when they have observed that 7. cati was
presentin all 36 faecal samples from cats that tested
positive under copro-microscopic examination.
This study also agrees with a previous study that
showed that the /7S-2 region gene was confirmed
as a useful genetic marker [32,33,34].

Molecular approaches utilizing ribosomal and
mitochondrial markers have likely been developed
to facilitate the accurate detection and diagnosis
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of various species within the Ascarididae family,
particularly during the larval and egg stages.
This is particularly useful as these stages might
provide difficulties in terms of morphological
identification.

Furthermore, the results of our microscopic
study were identical to those of our PCR
experiment, but the process of identifying
samples was quite complicated. This is may
be due to morphological changes, as the
identifying eggs extracted from frozen faeces
presented considerable hurdles and required the
knowledge of a highly skilled operator. Besides,
PCR high sensitivity and specificity have a huge
significance for the detection of infertile eggs.
In spite of this, it may be used to spot diseased
people or fertilised eggs. For instance, several
studies not found 7. Cati under the microscope
method, but it detected by PCR technique
[35,36]. It is also important to note that there are
a number of factors which can prevent the eggs
of this parasite from being expelled in their usual
form. These factors include an extended period
in which the eggs do not undergo embryonic
development and intermittent excretion in the
presence of obvious infections [37]. Given the
above, we can conclude that routine microscopic
testing of cat faeces is necessary to confirm
the presence of an intestinal Toxocara cati
infection [38]. Also, PCR may be suggested as
an alternative in situations where a thorough
analysis of parasites cannot be undertaken due to
insufficient faecal samples.

Phylogenetic tree analysis

Moreover, we have conducted analysis of
the phylogenetic tree in order to facilitate the
comparison. The investigation analysed four
sequence data sets of 7. cati isolates from two
Shirazi and two Himalayan breeds. All of the
acquired sequences were subsequently submitted
to the NCBI, and deposited it under accession
number Sq3 (OR594359.1), Sq4 (OR594360.1),
Sq5 (OR594361.1), Sq6 (OR594362.1). The
results indicate that these isolates exhibit
homology and similarity with isolates from
various regions globally. Notably, the isolates
showed a high similarity with Iran (LC700102.1),
followed by India (KJ777157.1), China (Kyoto
KY003083.1), Kazakhstan (0Q975261.1), and
France (MT341306.1) (Figure 3).

The observed high degree of similarity
between the two breeds can plausibly be

attributed to the occurrence of random mating
events among individuals belonging to both
breeds. Furthermore, apart from the importation
and commercial trading of these breeds
across nations, the role of genetic diversity
in the survival and adaptability of parasites
becomes crucial when the parasite environment
undergoes changes. Consequently, the precise
analysis of this variation becomes relevant for
conducting studies on various aspects such as the
pathogenesis, epidemiology, population biology,
taxonomy, and evolutionary biology of parasites
[39].

Conclusions

This research is considered as first molecular
study in Iraq and Al-Anbar province that used
the ITS-2 region gene as a useful molecular
marker in different cat breeds, which can serve
as a successful genetic marker with 7. cati egg
identification. The current study showed high
percentage of infestation of this pathogen among
all cat breeds in Al-Anbar area. PCR results of
T. cati egg showed a high incidence in Shirazi
(32%) to Himalayan (30%). Additionally, the
molecular and microscopic data did not differ
significantly among cat breeds. Also, our clinical
and haematological data showed similar effects
to other causes, especially in the gastrointestinal
tract. The phylogenetic sequence results
confirmed close relation among /7S-2 gene of our
breeds samples and samples from worldwide due
to the open borders state, which means high level
of transfer disease to our country from outside.
For successful control strategies and to reduce
the potential risks associated with zoonotic
infections, educate pet owners whose animals
may come into contact with stray animals.

Acknowledgments

I would like to express my gratitude to the
staff of Laboratory of Diagnostics in the Internal
and Preventive Veterinary Medicine Department,
within the College of Veterinary Medicine at
the University of Baghdad, for their helpful
assistance and support in our research endeavour.

Authors contributions:

All Authors designed the entire work and
worked simultaneously to collect data and
statistically analyse it.

Conflict of interest:
All authors declare that they have no conflicts
of interest.

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



1632 AKIL FAROUQ ALSHAWI AND OMAR JASSIM ALHAYANI

A.

Fig. 1. Toxocara cati eggs detected under microscopic using two Flotation methods, A: examination with 40X
magnification, B: examination with 100X magnification.

TABLE 3. Evaluation of the clinical signs and eosinophils findings in relation to microscopic eggs detection of 7.
cati egg presence in faecal cat breeds.

Test Statistics
Cat breeds Mlcroscopl.c ezggs (!etectlon and Mlcroscoplc eggs detection
Clinical signs and Eosinophils results
Number 50 50
Shirazi —
P-value 0.004 (Significance) 0.001 (Significance)
Number 50 50
Himalayan — —
P-value 0.016 (Significance) 0.002 (Significance)

*For Chi square tests a significance level of p 0.05.

b TE B AR OT 1414 1578 1T1H 1920 11 22 28

ARIINI A4 3505 3T 00 M40 4142 4344 85 S 4T40 40 50

P rSRTHELLIT €

(A). (B)
Fig. 2. Agarose gel picture appears the PCR product bands with molecular weight of 232bp. (M) refers to (3000 bp)
DNA ladder, (1) positive control, (2) Negative control, and (3-50) PCR results of faeces samples.
A- PCR results of Shirazi breed.
B- PCR results of Himalayan breed.
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TABLE 4. According to cat breed: The correlation between PCR and Microscopic eggs detection results.

Microscopic eggs detection
Cat breeds PCR Positive Negative
Positive 16 0
Shirazi
ran Negative 0 34
. ) Positive 15 0
e Negative 0 35
Test Statistics®
Cat breeds PCR and Microscopic eggs detection
Shirazi Number %0
R P-value 1.000 (No Significance)
Himalayvan Number o0
. P-value 1.000 (No Significance)

a=The Chi-Square Test (specifically the McNemar Test) was employed to assess the correlation between all parameters.
The findings indicated significant results at a significance level of p < 0.05.

0Q955488.1:2-357 Toxocara catiisc
0Q975261.1:134-418 Toxocara cati
sq3 Toxacara catiin Shirazi cat
MT341312.1:148-504 Toxocara cali i
KJT77157.1:151-507 Toxocara cali it
——@ sqd Toxacara cati in Shirazi cat
LC700102.1:1-357 Toxocara cati SC
AI_E MT341306.1:142-498 Toxocara cali i
M2598518.1:78-414 Toxocara catiisi
MHD43958.1:1-356 Toxocara catiiso
MH043957.1:1-350 Toxocara catiiso
KY003069.1:704-1040 Toxocara cati
MN585767.1:1-305 Toxocara cati vou
KY003086.1:701-1040 Toxocara cati
MW144968.1:137-462 Toxocara cati
— KY003078.1:692-1026 Toxocara cati
L AB110033.1:107-400 Toxocara cali¢
MT939443.1:583-847 Toxocara cali i
AB571303.1:677-979 Toxocara cati ¢
LC762618.1:351-657 Toxocara cati (
— KY003081.1:709-1044 Toxocara cati
L ABT43607.1:30-330 Toxocara catiT

(A)

Fig. 3.The phylogenetic tree of I7S-2 region of 7. cati:
A- Shirazi breed;
B- Himalayan breed.

References

1. Hadi, A.M. Prevalence of gastrointestinal
Helminthes and protozoa among stray dogs
in Baghdad. The Iraqi Journal of Veterinary
Medicine, 40(1), 1-4 (2016). doi:10.30539/
iraqijvm. v40i1.129.

2. Alwan, M. Seropathological diagnosis of

0Q855488.1:2-357 Toxocara cati it
0Q975261.1:134-418 Toxocara ca
MT341312.1:148-504 Toxocara cat
KJTT7157.1:151-507 Toxocara cali
MH043958.1:1-356 Toxocara cati is
= MH043957.1:1-350 Toxocara cati i
MN585767.1:1-305 Toxocara cativ
LC700102.1:1-357 Toxocara cati S
KY003069.1:704-1040 Toxocara cé
KY003086.1:701-1040 Toxecara ce
MW144968.1:137-462 Toxocara ca
— AB571303.1:677-979 Toxecara cat
5q5 Toxacara cati in Himalayan Ca
sq6 Toxacara cati in Himalayan Ca
ABT743607.1:30-330 Toxocara cati|
MT341306.1:142-498 Toxocara cat
MZ598518.1:78-414 Toxocara cali i
KY003081.1:709-1044 Toxocara cé

LC762618.1:351-657 Toxocara cat
AB110033.1:107-400 Toxocara cat

KY003078.1:692-1026 Toxocara ¢z
14T020447 4-RRLRAT Tavnrara rat

(B)

Toxoplasma gondii in Stray Cats in Baghdad
Province. The Iraqi Journal of Veterinary
Medicine, 38(1), 92-98 (2014). doi:10.30539/
iraqijvm. v38i1.260.

Fisher, M. Toxocara Cati: An underestimated
zoonotic agent, Trends in Parasitology, 19(4),
167-170 (2003). https://doi.org/10.1016/s1471-
4922(03)00027-8

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)


https://doi.org/10.1016/s1471-4922(03)00027-8
https://doi.org/10.1016/s1471-4922(03)00027-8

1634

AKIL FAROUQ ALSHAWI AND OMAR JASSIM ALHAYANI

10.

11.

12.

13.

Rostami, A., Sepidarkish, M., Ma, G., Wang, T.,
Ebrahimi, M., Fakhri, Y. and Gasser, R. B. Global
prevalence of Toxocara infection in cats. Advances
in Parasitology, 109, 615-639(2020).

Peter, D., Frans van, K., Alexander, S. and Paul,
A.M. Role of pet dogs and cats in the transmission
of helminthic zoonoses in Europe, with a focus
on echinococcosis and toxocarosis, Veterinary
Parasitology, 182, 41-53(2011).

Monteiro, M. F. M., Ramos, R. A. N., Calado, A.
M. C., Lima, V. F. S., Ramos, I. C. do N., Tenorio,
R. F. L. and Alves, L. C. Gastrointestinal parasites
of cats in Brazil: frequency and zoonotic risk.
Revista Brasileira de Parasitologia Veterinaria,
25(2), 254-257 (2016).

Lucio-Forster, A., Mizhquiri Barbecho, J. S.,
Mohammed, H. O., Kornreich, B. G. and Bowman,
D. D Comparison of the prevalence of Toxocara
egg shedding by pet cats and dogs in the U.S.A.
Veterinary Parasitology, 5(2), 1-13 (2016).

Overgaauw, P. and Nijsse, R. Prevalence of patent
Toxocara spp. infections in dogs and cats in Europe
from 1994 to 2019. Adv. Parasitol., 109(1), 779 —
800 (2020).

Remesar, S., Garcia-Dios, D., Calabuig, N., Prieto,
A., Diaz-Cao, J. M., Lopez-Lorenzo, G., Lopez,
C., Fernandez, G., Morrondo, P., Panadero, R.
and Diaz, P. Cardiorespiratory nematodes and co-
infections with gastrointestinal parasites in new
arrivals at dog and cat shelters in north-western
Spain. Transboundary and Emerging Diseases,
69(5), 3141-3153 (2022).

Fadhil, A. 1., Abed, H. H., Fadel, S. R. and
Al-Zubaidi, M. Th. S. Molecular diagnosis of
nematode worms Parabronema Skrjabini in camels
(camelus dromedaries) in Iraq. fragi. Journal of
Agricultural Sciences, 53(3), 584-588 (2022).

Hade, B. F. Molecular sequencing and phylogenic
analysis to virulence NMUC-1 gene in visceral
larvae migrance. [raqi Journal of Agricultural
Sciences, 51(3), 894-902 (2020).

Beugnet, F., Bourdeau, P., Chalvet-Monfray,
K., Cozma, V., Farkas, R., Guillot, J., Halos, L.,
Joachim, A., Losson, B., Mir6, G., Otranto, D.,
Renaud, M. and Rinaldi, L. Parasites of domestic
owned cats in Europe: Co-infestations and risk
factors. Parasites &amp; Vectors,7(1),291(2014).

Strube, C., Neubert, A., Springer, A. and von
Samson-Himmelstjerna, G. Survey of German pet

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)

14.

16.

17.

18.

19.

20.

21.

22.

23.

owners quantifying endoparasitic infection risk
and implications for deworming recommendations.
Parasites & amp. Vectors, 12(1), 1-11 (2019).
https://doi.org/10.1186/s13071-019-3410-2

Chalkowski, K., Wilson, A. E., Lepczyk, C. A.
and Zohdy, S. Who let the cats out? A global meta-
analysis on risk of parasitic infection in indoor
versus outdoor domestic cats (felis catus). Biology
Letters, 15(4), 20180840 (2019).

Al-Obaidi, Q.T. Prevalence of internal Helminthes
in stray cats (Felis catus) in Mosul city, Mosul-
Iraqi. Journal of Animal and Veterinary Advances,
11(15), 2732-2736 (2012).

Hadi, A., M. and Faraj, A. A. Role of domestic cats
Felis catus as reservoir hosts of internal parasites
and protozoa in Baghdad. Bull. Iraq Nat. Hist.
Mus., 13(1), 89-94 (2014).

Schaefer, D.M. Haematology of Cats. Schalm’s
Veterinary Haematology. pp. 983-992 (2022).

Kareem, S.M., and Kawan, M., H. Traditional
diagnosis of Eimeria spp. in fallow deer at middle
parts of Iraq. The Iraqi Journal of Veterinary
Medicine, 44(E0), 94-99 (2020).

Cringoli, G., Rinaldi, L., Maurelli, M.P. and
Utzinger, J. FLOTAC: New multivalent techniques
for qualitative and quantitative copromicroscopic
diagnosis of parasites in animals and humans.
Nature Protocols, 5(3), 503-515 (2010). https:/
doi.org/10.1038/nprot.2009.235.

Jacobs, D.E., Zhu, X. Gasser, R. B. and Chilton,
N.B. PCR-based methods for identification of
potentially zoonotic ASCARIDOID parasites of
the dog, fox and cat. Acta Tropica, 68(2), 191-200
(1997).

Ursache, A. L., Gyorke, A., Mircean, V.,
Dumitrache, M. O., Codea, A. R. and Cozma, V.
Toxocara Cati and Other Parasitic Enteropathogens.
More Commonly Found in Owned Cats with
Gastrointestinal Signs than in Clinically Healthy
Ones. Pathogens, 10(2), 198 (2021).

Rashid, Z. M., Aziz, S. A., Ali, O. J., Kakarash,
N. K. and Marif, H. F. Coprological detection
of toxocariosis in domicile and stray dogs
and cats in Sulaimani Province, Iraq. [raqi
Journal of Veterinary Sciences, 36(4),
1047-1051 (2022). https://doi.org/10.33899/
1jvs.2022.132976.2157.

Al-Taie, D., Ahmed, A. and Al-khayat, Fadia. A
Comparative Study of Some Intestinal Parasites


https://doi.org/10.1186/s13071-019-3410-2
https://doi.org/10.1038/nprot.2009.235
https://doi.org/10.1038/nprot.2009.235
https://doi.org/10.33899/ijvs.2022.132976.2157
https://doi.org/10.33899/ijvs.2022.132976.2157

MOLECULAR DETECTION AND PREVALENCE OF THE Toxocara Cati... 1635

24.

25.

26.

27.

28.

29.

30.

31.

in Faecal Samples of Domestic and Stray Cats in
Baghdad, Iraq. Comparative Parasitology, 89(1),
31-35(2022).

De Santis, A.C., Raghavan, M., Caldanaro, R.J.,
Glickman, N.W., Moore, G.E., Lewis, H.B.,
Schantz, PM. and Glickman L.T. Estimated
prevalence of nematode parasitism among pet
cats in the United States. Journal of the American
Veterinary Medical Association, 228(6), 885-892
(20006).

Lucio-Forster, A., Barbecho, J.S.M., Mohammed,
H.O., Kornreich, B.G.
Comparison of the prevalence of Toxocara egg
shedding by pet cats and dogs in the U.S.A.
Veterinary  Parasitology: — Regional  Studies
and Reports, 1,5,1-13(2016) https://doi.
org/10.1016/j.vprsr.2016.08.002

and Bowman, D.D.

Al-Nagshabendy, A. Study of haematological

and blood biochemical parameters in cats

experimentally  infected  with Toxocara
cati. Assiut Veterinary Medical Journal, 62(148),

35-38 (2016).

Karimi, P., Shafaghi-Sisi, S., Meamar, A.R, Nasiri,
G. and Razmjou, E. Prevalence and Molecular
Characterization of Toxoplasma gondii and
Toxocara cati Among Stray and Household Cats
and Cat Owners in Tehran, Iran. Frontiers in
Veterinary Science, 9(2), 71-85 (2022).

Khademvatan, S., Abdizadeh, R. and Tavalla, M.
Molecular characterization of Toxocara spp. from
soil of public areas in Ahvaz southwestern Iran.
Acta Tropica., 1,135,50-54(2014).

Fogt-Wyrwas, R., Jarosz, W. and Mizgajska-
Wiktor , H. Utilizing a polymerase chain reaction
method for the detection of Toxocara canis and T.
cati eggs in soil. Journal of Helminthology, 81(1),
75-78 (2007).

Borecka, A. and Gawor, J. Modification of
gDNA extraction from soil for PCR designed
for the routine examination of soil samples
contaminated with Toxocara spp. eggs. Journal of
Helminthology, 82(2), 119-122 (2008).

Fahrion, A.S., Schnyder, M., Wichert, B. and
Deplazes, P. Toxocara eggs shed by dogs and
cats and their molecular and morphometric
species-specific identification: Is the finding
of T. cati eggs shed by dogs of epidemiological
relevance? Veterinary Parasitology, 177(1-2),
186—189(2011).

32.

33.

34.

35.

36.

37.

38.

39.

Chen, J., Zhou, D.-H., Nisbet, A. J., Xu, M.-J.,
Huang, S.-Y., Li, M.-W., Wang, C.-R. and Zhu,
X.-Q. Advances
taxonomy, genetic variation and diagnosis of

in molecular identification,

Toxocara spp. Infection, Genetics and Evolution,
12(7), 1344-1348 (2012).

Mikaeili, F., Mirhendi, H., Hosseini, M., Asgari,
Q. and Kia E.B. Toxocara nematodes in stray cats
from shiraz, southern Iran: intensity of infection
and molecular identification of the isolates. /ran.
J. Parasitol., 8(4),593-600 (2013).

Hade, B.F., Zainab, A.M., Ibrahim, I. and
Saadedin, Study of
Different VLM Stages of Toxocara canis Infection

S.M. Histopathological

in Liver of Rabbits. /raqi journal of Biotechnology,
17,2 (2018).

Oguz, B., Ozdal, N. and Serdar Deger, M. Genetic
analysis of Toxocara spp. in stray cats and dogs
in Van Province, eastern Turkey. Journal of
Veterinary Research, 62(3), 291-295(2018).

Azimian, H., Shokrani, H. and Fallahi, S.
Molecular evaluation of Toxocara species in stray
cats using loop-mediated isothermal amplification
(LAMP) technique as a rapid, sensitive and simple
screening assay, Veterinary Medicine and Science,
7(3), 647-653(2021).

Hogberg, N., Baltrusis, P., Enweji, N. and
Hoglund, J. Assessment of three DNA extraction
kits for the absolute quantification of Strongyle
nematode eggs in faecal samples. Acta Veterinaria
Scandinavica, 64(5), 1-9 (2022). https:/doi.
org/10.1186/s13028-022-00624-3

Uga, S., Matsuo, J., Kimura, D., Rai, S., Koshino,
Y. and Igarashi, K. Differentiation of Toxocara
canis and T. cati eggs by light and scanning
electron microscopy. Veterinary Parasitology,
92(4), 287-94 (2000).

Betson, N., Llewellyn, H., Atuhaire, A., Adriko,
R., Turyakira, Y. and Kabatereine, K. Genetic
diversity of Ascaris in southwestern Uganda.
Transactions of the Royal Society of Tropical
Medicine and Hygiene, 106(2), 75-83 (2012).

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)


https://doi.org/10.1016/j.vprsr.2016.08.002
https://doi.org/10.1016/j.vprsr.2016.08.002
https://doi.org/10.1186/s13028-022-00624-3
https://doi.org/10.1186/s13028-022-00624-3

1636 AKIL FAROUQ ALSHAWI AND OMAR JASSIM ALHAYANI

dlablaa & 43 jial) Jabal) M (B AS | S puS ¢ bk LS A Sad) Cids))

Gladl- Ly

all auda jae g g glld) Gob Jiie
- ks Al - ) L) A - 0l ) 5 sl )

(o) Alile )ty ga g dadadl)l (sl Lialle 3 pdtia Aglidla § it 3350 (8 (SIS IS 5o 5l
DLl 8 Gl s Aul ol o3 e Chagd) (IS e gk Ay gead) cllahall ST (e Baal 5 auzl il
(WVlaed Jlin GBI 0+ 5 (55 pd A 04 ) Sl il S ik )+ v el Lo LIS 1 IS 5o 8
e Gl ol ya) a3 Ay sl (ailiadll Jolas ) Aslall Ldkll giat gl sa 138 iy (Sl
O U gaall oda e peda 0 Ay pud) Gl sl Jisnd a3 (Jald (s o) ja) aay A Hial) Laladl)
Jalaill 515l (e B prn Aiie Comazad LS IS (e Sl all ey Liad ¢ jeanall cond Lkl (ay (and Jal
delii e Al i) @ jels cliaeall e Juihall 13 U1 dul )l aall Cilie alasiul 25 LS 2 5all
s il AL JS U503 sl Ay i) izl gl LYY ook ) uduciall 5yl
il gy jall 48 plall ay dibay) @Yo o liiad aa g Lellad 5 Loy Lia guad 5 Ll
B r«*fm o I 1S S g Sgalf U ad e | LI 4 pumal) a1 (Bhalie 8 Aaiall 4 5l
&%}5}‘}“&%!&&“)&\%\&@5 oL'Aﬂ‘J?_',LSbLSQ,,Sp|&g&g§kdﬁdﬂaj\:jékﬁ#

i) s daa Joa olad) Caggill s )

Ll il o il ¢ WYLasell ¢ JTS-2 s ¢ LS 1S gan S5 ¢ (551 ) salidal) cilaldl)

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



