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ABSTRACT

Cats, as widely embraced companions in diverse environments, face significant health threats
due to infection by ectoparasites. The present study investigates the prevalence of
ectoparasite infestations in domestic cats (Felis catus) in Giza Governorate, Egypt. Spanning
from December 2022 to November 2023, the study included 400 samples of diverse feline
populations. Fleas and ear mites were detected in 20.75% and 11.25% of the examined cats,
respectively. While ticks and myiasis were observed in 0.5% for each. Clinical manifestations
and morphological structures of the detected parasites were documented. Moreover, the
research integrates molecular characterization, utilizing the COI gene for Sarcophaga species
identification. The study also analyzed risk factors, adjusting for age, sex, and season,
revealing variations in infestation rates. Cats under one year old exhibited the highest
infestation rate (48.35%). Seasonal variation showed the highest prevalence in autumn,
followed by summer and winter, with a decline in spring. This survey study provides valuable
insights into ectoparasite infestations in domestic cats to serve as a pivotal step toward
promoting cat welfare and safeguarding public health.
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INTRODUCTION parasitic infestations, which can significantly
affect their well-being and cause various

Cats are widely popular pets that live  health issues and discomfort (Bezabh et al.,

in various habitats, including domestic,  2022). The presence of ectoparasites in cats
urban, suburban, and rural environments  not only compromises their welfare, but also
(Fardell et al., 2021). However, these feline poses potential risks to human health
companions are  susceptible toseveral  (Liguori et al., 2023). Ectoparasites like
. fleas, mites, and ticks not only cause itching,
Eor;;ﬁfg‘zj’:j‘jr'ensgs_a;f:ﬁer& ZAO'{"S@';"{jlimgﬂdegousef skin irritation, hair loss, anemia and allergic
i o DRSS reactions in cats but also transmit pathogens

Present address: Department of  Parasitology, (Azarm et al., 2023). Moreover, Myiasis is

Faculty of Veterinary Medicine, Cairo University, - : ytas
1221 Giza, Egypt. another parasitic disorder of significant
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importance in  cats. This  serious
phenomenon is reported in developing
countries and rural areas (Scholl et al.,
2019). Myiasis can affect cats of any age or
breed, with a higher incidence in warm
regions with unhygienic environments,
leading to varying degrees of damage and
discomfort (Pezzi et al., 2021 and Ribeiro
Campos et al., 2021).

The larvae of dipteran families, such as
Sarcophagidae and Muscidae can transmit
different pathogens and cause myasis,
involving the active feeding of these larvae
on the host tissues (Ayalon et al., 2020).
Detection of the cause of myiasis is crucial
for effectively managing this condition and
minimizing the harm inflicted by larvae
(Ribeiro Campos et al., 2021). In this
respect, the mitochondria-encoded
cytochrome C oxidase subunit I (coxl) gene
has emerged as a pivotal candidate gene for
the molecular identification of flies (Kim et
al., 2020 and Talebzadeh et al., 2020). The
universal presence of this gene in
mitochondria, coupled with the ease of
amplification and sequencing, has facilitated
the development of comprehensive DNA
databases that aid in the accurate
identification of flies (Ghosh et al., 2022).
Currently, coxl is the most widely used
genetic marker for differentiating Diptera
species (Fuentes-Lopez et al., 2020).

In recent years, research on the prevalence
and distribution of endo- and ectoparasite
infections in cats has gained significant
attention (Genchi et al., 2021). Cats living in
different environments, such as indoor-only
cats or those with access to outdoor
environments, may be exposed to varying
levels of parasitic infestations. Additionally,
the geographical area of residence has been
found to affect the prevalence and diversity
of parasites (Chalkowski et al., 2019).

The objective of the present study is to
provide a comprehensive understanding of
the national situation regarding feline
ectoparasites in Giza Governorate, Egypt, by
evaluating the overall prevalence and
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distribution of these parasites. These
findings will contribute to establishment of
effective control strategies and preventive
measures against feline parasitic infestations
in Egypt. Ultimately, this study will play a
pivotal role in ensuring the well-being and
overall health of cats in the studied locality.

MATERIALS AND METHODS

1. Study area and sampling design

This study was conducted in Giza
Governorate, Egypt. The samples were
collected from all available cats in

Gornmental and some private Veterinary
clinic representing the target area of the
study. A total of 400 various types of housed
cats (Felis catus) were examined; 196 were
males, while the remaining 204 were
females. The age range of the examined cats
was quite diverse, spanning from 14 days to
17 years. While their weight was varying
between 350 grams and 4 kilograms. The
body condition score of the cats showed a
spectrum from emaciated to overweight,
providing a comprehensive representation of
the feline population under investigation.

2. Parasites collection, preparation and
identification

Sampling for the study was carried out at the
clinic of the Faculty of Veterinary Medicine,
Cairo University from December 2022 to
November 2023. Detailed inspection of the
entire body surface face, ears, and nails
performed for detection of external parasites
or skin lesions. Moreover, a clean stainless
steel fine-toothed comb was used for the
fleas> collection.  Furthermore, careful
attention had been paid to identifying the
potential symptoms associated with parasitic
diseases (Sparkes and Noli, 2020).

The collected ectoparasites were preserved
in 70% ethanol in labeled glass containers,
and then transmitted to the laboratories of
the Department of Parasitology, Faculty of
Veterinary Medicine, Cairo University. The
detected parasites were mounted on slides
and examined using an Olympus BX43F
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Microscope, Tokyol163-0914, Japan. to be
identified and morphologically characterized
according to Soulsby (1982), Giangaspero et
al. (2017) and Colella et al. (2020).

3. Handling of dipteran larvae
Macroscopic examination of the body of
some examined cats revealed the presence of
skin lesions with larvae. The detected larvae
were collected and preserved as previously
for identification and further investigations.
Some living larvae were brought to the
laboratories of the Department of
Parasitology,  Faculty of  Veterinary
Medicine, Assiut University to be reared into
adults, according to Singh et al. (2012).
They were placed in polyethylene boxes, fed
with 90 g of ground beef, and kept at 25 +
2°C, 50% relative humidity, and 16/8 (L/D)
photoperiod. The emerged adult flies were
collected and identified, according to
Soulsby (1982).

4. Molecular Characterization of the
Emerged Sarcophaga Using COIl Gene

For extraction of the genomic DNA from the
ethanol-preserved flies, the QlAamp DNA
Mini Kit (Catalogue no. 51304) was utilized
according to the manufacturer's instructions.
Anumber of XXXXX flie samples were used
for identification. COIl gene was amplified
with the primer pairs (5'-
GGTCAACAAATCATAAAGATATTGG-
3) as the forward primer and (5'-
TAAACTTCAGGGTGACCAAAAAATCA
-3") as the reverse primer (Talebzadeh et al.,
2020). PCR was performed with a total
reaction volume of 25 pl. For amplifying the
target gene, the initial primary denaturation
was at 94°C for 5 minutes, followed by
secondary denaturation at 94°C for 30
seconds, annealing at 48°C for 40 seconds,
and extension at 72°C for 45 seconds. This
cycling process was repeated 35 cycles, with
a final extension step at 72°C for 10 minutes.
The obtained PCR product underwent
separation on a 1.5% agarose gel using
electrophoresis, and then was visualized and
captured using a UV radiation detector to
confirm successful amplification (Sambrook,
et al., 1989).
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The PCR products were purified using
the QIAquick PCR Product Extraction
Kit from Qiagen Inc., Valencia CA.
Positive clones were identified by PCR
and selected for sequencing using (ABI,
3130, USA) sequencer. The obtained
sequences were analyzed and compared
to existing sequences available in
GenBank using the NCBI BLAST
program, and then recorded in GenBank
(Giordani et al., 2023).

5. Phylogenetic analysis

Phylogenetic analysis was performed by the
neighbor-joining method (Thompson et al.,
1994). The CLUSTAL W multiple sequence
alignment program (version 12.1 of the
MegAlign module), and the Lasergene
DNAStar software Pairwise (Madison,
Wisconsin, USA) were employed for
sequence comparison. Evolutionary analyses
were conducted using MEGA 11 (Tamura et
al., 2013).

6. Statistical analysis

For the statistical analysis of the data in the
present study, several methods were
employed, according to (Chan, 2003). The
chi-square test was used to examine the
association between the risk factors (age,
gender, and season) and the occurrence of
ectoparasite infestations in cats. The
prevalence of the detected ectoparasites was
calculated by dividing the number of
infested cats by the total number of
examined cats, and expressed as a
percentage. The prevalence of mixed
infections (dual and triple) was also
calculated. To determine the significance of
the associations and prevalence rates, p-
values were calculated. A p-value of < 0.05
was considered statistically significant,
indicating a strong association between the
risk factors and the occurrence of
ectoparasite infestations in cats.

7. Approval for Ethical Conduct
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The present study was performed following
the guidelines demonstrated by the Ethical
Committee of the Faculty of Veterinary
Medicine, Assiut University, Egypt, with
(06/2023/0117) ethical approval number.

RESULTS

1. Prevalence of ectoparasite infestations
in domestic cats in Giza Governorate

As shown in Table (1); inspection of 400
domestic cats revealed that the overall
infestation rate was ¢7,+% (184 out of 400
cats). Only 54.0% (216 out of 400 cats) were

found to be free from ectoparasites. Single
infestations were identified in 32.0% of the
cases (128/400). Additionally, mixed
infestations were observed in 14.0%
(56/400) of the cases examined. Among
these, 13.0% (52/400) presented with a
combination of fleas and ear mites.
Furthermore, triple infestations  were
detected in 1.0% (4/400) of the examined
cases. Statistical analysis revealed that the
comparison between infested and non-
infested populations exhibited a significant
difference in infestation prevalence (P <
0.05).

Table 1: Prevalence of ectoparasite infestations in the examined Cases.

Infection Type Number of Cases Prevalence p.value
Single 128/400 32.0%
Mixed (Dual) 52/400 13.0%
Mixed (Triple) 4/400 1.0%
Total infestation 184/400 46.0% <005
Total non- infested 216 54.0% -

Statistically Significant P < 0.05

2. Risk factors of the detected
ectoparasites in the examined cats with
consideration to age, sex, and season

The data in Table (2) demonstrated the
prevalence of the detected ectoparasites in
the infested cats. Among the observed
ectoparasites, fleas were the most prevalent,
accounting for 20.75% (83 out of 400 cats).
Followed by ear mite infestations, which
were observed in 11.25% (45 out of 400
cats). But, 13.0% (52 out of 400 cats) were
found flea infestation mixed with ear mite
infestation. Also, the infestation with fleas
and mites was 13.0% (52/400). While ticks
and myiasis were observed with fleas and
mites in only 0.5% (2 out of 400 cats) for
each.

In addition, the research study explored the
prevalence of various infestations based on
age, sex, and season. Among individuals
aged less than 1 year, the total infestation
was 48.35%, fleas were found in 32.97%
and ear mites in 2857%, with lower
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occurrences of ticks and myiasis (0.55% for
each). For those aged 1-3 years, the total
infestation was 46.72%, fleas were slightly
more prevalent at 40.18%, along with
27.68% for ear mites, and slightly higher
rates of ticks and myiasis (0.89% for each).
Individuals older than 3 years, the total
infestation was 40.36%, exhibited a
prevalence of 35.42% for fleas and 18.75%
for ear mites, with no reported cases of ticks
or myiasis.

The association between sex and infestation
revealed that among the examined male cats
(Tom), the total infestation was 47.45%, the
prevalence of fleas was 36.22%, ear mites
25.51%, and myiasis 0.51%, with no
observed ticks. While the examined female
cats (Queen) had 44.61% total infestation.
They exhibited a slightly lower prevalence
of flea infestation (33.33%) and ear mites
(25.0%), along with 0.98% for ticks and
0.49% for myiasis.



Assiut Vet. Med. J. (Special issue)

19™ Sci. Cong. 2024, Fac. Vet. Med., Assiut Univ., Eqypt, 192-207

Analyzing the relationship between the
ectoparasite infestation and seasons revealed
variations. As in spring, the total infestation
was 37.0%, the fleas were prevalent in
33.0%, ear mites in 19.0%, and myiasis in
1.0%, with no ticks. Summer showed a
decrease in flea infestation (27.0%) and an
increase in ear mites infestation (29.0%),
along with a 1.0% prevalence for both ticks
and myiasis. Also, the total infestation was
47.0%. Autumn has total infestation 54.0%.
As same as, exhibited a prevalence of 34.0%
for fleas, 33.0% for ear mites, and 1.0% for
ticks, with no reported myiasis. Moreover,
winter showed an increase in flea prevalence

(45.0%) and a decrease in ear mites (20.0%),
with no observed ticks or myiasis
infestation. That recorded 46.0% total
infestation rate.

Statistical analysis, including p-values,
indicates a potential association between age
and ear mites infection (p-value = 0.072).
Conversely, there is no significant
association between sex and the detected
infestation. Regarding season, there is a
marginal significance, with a possible
association noted for fleas and ear mites (p-
value = 0.06).

Table 2: Prevalence and risk factors of the detected ectoparasites in the examined cats.

detected ectoparasites

3.a. Fleas

Cats infested with fleas appeared suffering
from different degrees of emaciation, hair
loss, and scales. Moreover, there were small
dark brown specks on the infested cats’ fur
(Fig.1). Fleas appeared as medium to dark

wingless. Adult cat fleas (Ctenocephalides
felis) measure between 1 and 4 mm in length
and have a laterally flattened wingless body
with triangular head and pronotal and genal
comb. The thorax has three pairs of legs.
The abdomen of the male flea has two
claspers (Fig.2).
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Sex Season
< 3years Tom Queen Spring Summer  Autumn  Winter Prevalence
(n=96) (n=196) (n=204) (n=100) (n=100) (n=100) (n=100)
36 26 21 43 40
18 18 21 26 83
(19.78)  (21.31)  (21.88) (21.94) (19.61) (20.75)
p.value 0.771 0.907 0.059
. 28 12 5 22 23
Barmites  153g)  (984)  (5.21) (11.22) (11.27) 4 20 20 ! 45
(11.25)
p.value 0.072 0.554 0.059
Fleas+Ear 22 17 13 27 25
mites (12.09)  (1393)  (1354) (13.78) (12.25) 14 ! 12 19 52
p.value 0.422 0.554 0.059 (13.0)
Fleas+Ear 1 1 2
mite+Ticks ~ (0.55)  (0.82) 0 0 (0.98) 0 1 ! 0 (025)
p.value 0.690 0.165 0.570
Fleas+Ear
: 1 1 1 1
mites+ 0 1 1 0 0 2
Myiasis (055)  (0.82) (0.51) (0.49) 05)
p.value 0.690 0.977 0.570
Total 88 57 39 93 91 184
infestation ~ (48.35)  (46.72)  (40.63) (47.45) (44.61) 37 47 54 46 460
p.value 0.771 0.544 0.059
3. Clinical manifestations and  brown insects, which could be seen by naked
morphological characters of the eyes with small laterally compressed and
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Figure 1: a) Showing signs of emaciation and hair loss.

b) Fleas’ fecal matter appears as

small black or dark brown specks on the cat's fur. ¢) Close-up view of scales on

the skin of the infested cat (x4).

500 pm

b

500 pm

Figure 2: Showing morphological and microscopic appearance of adult fleas from the
infested cats. a) Illustration of an adult female (Ctenocephalides felis) showing
genal and pronotal combs (x4). b) Showing adult male flea with two claspers (x4).

3. b. Mites

Cats infested with ear mites showed various
intense itching and scratching, which led to
redness, inflammation, self-inflicted injuries,
and wounds in the ear area. Also, dark, waxy
discharges within the ear canal, which are
similar to coffee grounds were observed
during a visual examination of the ears (Fig.
3). Different stages of ear mite (Otodectes
cynotis)  were  observed after the
microscopical examination. The eggs are
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white 166-206 um long, ellipsoidal and
slightly flattened in one side. The body of
the detected ear mites is rounded to oval in
shape and covered with scales or hair.
Female mites are usually larger than males
(females: 250-400 um long, males: 150-180
um). The last pair of legs is reduced in the
female. While the male has copulatory
organs. Adult mites and nymphs have four
pairs of legs, while the larvae have only
three pairs (Fig.4).
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Figure 3: Showing a cat infested with Otodectes cynotis with various clinical signs including:
a) The presence of dark, crumbly discharge in the infested cat's ear canal. b)
Redness, inflammation, and injuries in the affected ear.

100 pm

Figure 4: a) Showing different developmental stages of Otodectes cynotls from the infested
cats’ ears. b) Showing adult female (black arrow) and male (white arrow) mite
(x10). c) Otodectes cynotis oval egg (x40).

3.c. Ticks

Ticks (Rhipicephalus sanguineus) were
detected macroscopically and measured
around 3-9 mm in length. They have an
oval-shaped body and eight legs. The female
tick is larger and more rounded than the
male, and has a scutum that covers only the

anterior third of the body. The whole body
of the male tick is covered with scutum and
has festoons at the posterior border. The
mouthparts of adult ticks feature a barbed
structure with a hexagonal basis capitulum

(Fig.5).

Figure 5: a) Cat ear illustrated attachment of ticks. b) Adult female t|ck (Rhlplcephalus
sanguineus) collected from the infested cats with a scutum covering only the
anterior part of the body (x4). c) Adult male tick with festoons on the posterior
border and a scutum covering the entire dorsal surface (x4).
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3.d. Myiasis

The infested cats showed signs of
hypersalivation, erosion in the jaw area,
including tissue injury and necrosis, leading
to pain, discomfort, and refusing eating or
drinking, causing severe emaciation (Fig.6).
The lesions were distributed in XXX among
the cat body with variable degrees of depth,
and contained clotted blood, pus and
lacerated tissue. The detected maggots were
creamy to brown worm-like segmented
larvae with two deep pits at the posterior
end, which contain the respiratory spiracles
(Fig.7). Microscopical examination revealed

‘h(

that the anterior end of the detected
Sarcophaga larvae has cephalopharyngeal
skeleton, which consists of two equal oral
hooks, hypostome sclerite and two
pharyngeal sclerites (dorsal cornua and
ventral cornua). While the posterior end has
two C-shaped posterior spiracles with three
longitudinal spiracular slits (Fig.8). The
puparium was 9 mm in length, barrel shape,
and reddish brown to dark brown. The
emerged Sarcophaga adult fly was medium-
sized to large (9-12 mm) and grayish with a
chessboard-like abdomen (Fig.7).

- N
Figure 6: Clinical aspects of cutaneous myiasis in a domestic cat with severe jaw infection due to

maggot infestation, including:

a) Tissue injury, necrosis, deep ulcers. b) Display the

presence of Larvae embedded within the affected areas.

~

728 20 30 3 2 B

b28 29 30 31 32 3

Figure 7: Showing \)arioﬁs developmental stages of the Sarcophaga species. a) worm-like segmented
Sarcophaga larvae with two deep posterior cavities. b) Sarcophaga brown, barrel-shaped
puparium. ¢) Show the adult stage of Sarcophaga argyrostoma fly has a grayish segmented

body, with a chess board-like abdomen.

- ‘~0I"f|'!§_-.:-'u

S s
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Figure 8: Shows the microscopical and morphological characters of the Sarco

phaga argyrostoma

larvae, including; a) Anterior cephalopharengeal skeleton, which consists of two equal oral
hooks (black arrow), hypostomal sclerite (blue arrow) and two pharyngeal sclerites (dorsal
cornue and ventral cornue) (white arrows) (x4). b) Two C-shaped posterior spiracles with

three longitudinal spiracular slits (x4).
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characterization and
analysis of Sarcophaga

4. Molecular
phylogenetic
species:
Molecular characterization of the collected
emerged Sarcophaga flies was performed as
a confirmatory diagnosis based on COI gene
sequencing. A distinct 654bp band was
observed under UV light on a 1.5% agarose
gel (Fig. 9). Subsequent sequencing of the
amplified product definitively identified our
sample as Sarcophaga argyrostoma, with
(OR965058) accession number in the

1000
654bp

GenBank. Moreover, the phylogenetic
relationship between the COI nucleotide
sequences of our isolate and various
reference strains of Sarcophaga species is
depicted in Fig.10. Remarkably, the high
bootstrap value of 100% provides robust
support for the grouping nodes of the
isolated specimen under investigation. The
obtained sequence of S. argyrostoma of the
present study was identical to that in
Belgium (JQ582089, JQ582081), France
(JQ582086), and the USA (AF259512).

Figure. (9): Agarose (1.5%) gel showing the PCR products of the Sarcophaga argyrostoma COI gene,
demonstrating the molecular weight of the gene band. (654bp). Lane (M) is the DNA size
marker, lane (P) is positive control, lane (N) is negative control, and lane (1) is the

positive tested sample.
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Figure 10: The phylogenetic tree constructed based on the COI gene sequences revealed distinct
clades representing different genetic lineages of Sarcophaga argyrostoma. Evolutionary
distance divergence is given by bar, which indicates 0.01 substitutions per site.
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DISCUSSION

Cats (Felis catus) are popular pets that can
live in different habitats. These cats are
susceptible to ectoparasite infestations,
causing many health issues. As cats can
share a common environment with humans,
they can transmit parasites to humans,
posing a health risk (Liguori et al., 2023).
The feeding activity of the ectoparasites may
result in hair ~ loss,  excoriation,
hypersensitivity  disorders, secondary
infections, anemia, and in some cases, can
cause death (Colella et al., 2020 and Azarm
etal., 2023).

The present study aimed to provide a
comprehensive understanding of the national
situation regarding ectoparasite infestations
in domestic cats in Giza Governorate, Egypt,
by evaluating the prevalence and distribution
of these parasites. These findings will
facilitate  applying  effective  control
strategies and preventive measures against
feline ectoparasitic infestations in Egypt.
Consequently, this will reflect on the well-
being and overall health of cats in the
studied locality.

The current study revealed that the overall
prevalence of ectoparasite infestations in the
examined cats was 46.0%. Single
infestations were identified in 32.0% of the
cases, with 20.75% attributed to fleas and
11.25% to ear mites. Additionally, mixed
infestations were observed in 14.0% of the
examined cats. Among these, 13.0%
presented with a combination of fleas and
ear mites.  Furthermore, infestations
involving fleas, ear mites, and ticks were
detected in 0.5% of the cases, and a similar
percentage exhibited infestations with fleas,
ear mites, and myiasis. Compared to other
studies, the infestation rate was 35.7% in
Italy (Genchi et al., 2021). The detected
prevalence varies in other research, such as
29.2% infested cats in Damietta governorate
(Aboelela et al., 2022), mange mite was
70.0% (Al-Hosary and Mostafa 2022).
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While a higher result (63.41%) was obtained
by (Azarm et al., 2023) in Iran.

The recorded incidence of different
investigated ectoparasites in the present
study proved that fleas (Ctenocephalides
felis) were the most prevalent (20.75%)
followed by ear mites (Otodectes cynotis)
infestations  (11.25%). While ticks and
myiasis were observed in 0.5% for each.
This was in agreement with Elom et al.
(2020) and Genchi et al. (2021). On the
other hand, Siagian et al. (2021) and Authoy
et al. (2023) recorded higher ear mite
infestation than fleas.

Fleas are the most ectoparasites recorded in
this study. This may be due to the
environmental and climatic conditions in the
studied area, which support the development
of fleas. Moreover, Ctenocephalides felis
can lay up to 25 eggs per day during a
month. So the prevalence of ectoparasite still
exists. In addition, C. felis can infest many
parts of the body and has a specific ability
and a high jumping speed that enable it to
move from one infested host to others
(Furgoni et al., 2020). Oppositely, Otodectes
cynotis is very active within the ear canals
only and transmitted by direct contact.

Rhipicephalus sanguineus is mainly a dog
tick and rarely collected from cats due to
shedding of ticks during grooming or
contacts between the infested dogs and non-
infested cats. This explains the low
percentage of ticks reported in our study
(Siagian et al., 2021). Myiasis is rare in
feline species because of its self-grooming
behavior. However, when that behavior is
not happening because of physical problems,
cats can be affected (Christ et al. 2022). In
addition, debilitating fractures and untreated
wounds with lack of hygiene may attract
flies and cause myiasis (Pezzi et al., 2021).

The present work studied the prevalence of
various infestations based on age, sex, and
season. It was found that cats, less than 1
year, had the highest prevalence (48.35%).
This agrees with Aboelela et al. (2022) and
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Al-Hosary and Mostafa (2022) in Egypt, as
young cats are more playful and likely to
have more direct contact with infested cats.
Moreover, the proximity of young cats to the
ground and low immunity may increase the
ectoparasites’ prevalence in them. However,
lower prevalence was recorded by Fanelli et
al. (2020) and Genchi et al. (2021).

Regarding the gender, it was founded that
infestation in Tom cats (47.45%) was near to
that in Queen cats (44.61%). There is no
significant  difference  between  the
prevalence of the ectoparasites’ infestations
in both sexes. These findings agree with Che
Kamaruddin et al. (2020), Fanelli et al.
(2020), Genchi et al. (2021), Aboelela et al.
(2022), and Al-Hosary and Mostafa (2022).
However, Authoy et al. (2023) found that
the ectoparasites’ infestation in the female
cats was 76.92% and in male cats was
53.70%.

Considering seasons, it was found that
autumn had the highest infestation rate,
followed by summer, winter, and spring. In
Egypt, Aboelela et al. (2022) detected an
increase in the ectoparasites’ infestation rate
during spring and fall, with no significant

differences between the two seasons
compared to winter and summer,
respectively.  Further, Al-Hosary and

Mostafa (2022) demonstrated the highest
infestation rates during cold months
(84.44%). Moreover, Furgoni et al. (2020)
reported that low temperatures increase the
ectoparasites’ infestation and also facilitate
their transmission.

The variation between the infestation rate
and findings in our study and others may
refer to the nature of the cats’ habitats, the
hygienic conditions, the geographical area of
residence and the locality climatic conditions
which have been found to affect the
prevalence and diversity of parasites
(Chalkowski et al., 2019 and Farid et al.,
2021).

Microscopical examination and
morphological characterization of the
detected ectoparasites were performed in the
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current study, according to Soulsby (1982),
Giangaspero et al. (2017) and Colella et al.
(2020). The morphological descriptions of
the  recovered ectoparasites  provide
important information for their identification
and diagnosis (Beard et al.,2021).

Cats infested with fleas demonstrated
clinical signs such as emaciation, hair loss
and scales. Moreover, there were small dark
brown specks on the infested cats’ fur. These
signs refer to the flea allergic dermatitis
(FAD) that is caused by flea saliva, which
contains a histamine-like compounds,
enzymes, polypeptides, and amino acids.
Therefore, adult flea biting is followed by a
delayed reaction, skin irritation, erythema,
alopecia, excoriation, papules, crusts, which
often lead to self-trauma (lannino et al.,
2017).

Fleas could be seen by naked eyes as small
laterally ~ compressed, brown insects.
Microscopical examination revealed that the
detected adult cat fleas (Ctenocephalides
felis) measure between 1 and 4 mm in length
and have a laterally flattened wingless body
with triangular head and pronotal and genal
comb. Moreover, the male flea has two
claspers in the abdomen. These criteria were
similar to that described before (Che-
Kamaruddin et al., 2020; Ningsih and
Mahatma 2023).

Regarding cats infested with ear mites, they
showed intense itching and scratching,
which caused inflammation, injuries and
wounds in the ear area. Also coffee grounds
like dark, waxy discharges were observed
within  the ear canal. Microscopical
examination revealed different stages of the
ear mite (Otodectes cynotis). The detected
ear mites were rounded to oval in shape and
covered with scales or hair. Female mites are
larger than males (females: 250-400 pm
long, males: 150-180 um). The last pairs of
legs is reduced in the female. While the male
has copulatory organs. Adult mites and
nymphs have four pairs of legs, while the
larvae have only three pairs. These findings
were comparable to those reported by
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Aboelela et al. (2022) and Rachmawati, et
al. (2022).

As recorded by Beard et al. (2021) and Saleh
et al. (2021), the ticks (Rhipicephalus
sanguineus) in our study were detected
macroscopically and measured around 3-9
mm in length. They have an oval-shaped
body and eight legs. The female ticks were
larger and more rounded than the male, and
had a scutum that covers only the anterior
third of the body. While the whole body of
the male tick is covered with scutum and has
festoons at the posterior border. The
mouthparts of adult ticks had a barbed
structure with hexagonal basis capitulum.

Creamy to brown worm-like larvae were
observed in the jaw area of the infested cat
in our study, with signs of erosion, injury
and necrosis.  Moreover, signs  of
hypersalivation, pain, discomfort, and severe
emaciation were observed. This was in
agreement with (Pezzi et al.,, 2021 and
Ribeiro Campos et al., 2021) who mentioned
that myiasis is a serious phenomenon that
can affect cats of any age or breed, with a
higher incidence in warm regions with
unhygienic environments, leading to varying
degrees of damage and discomfort. The
detection of myiasis type is crucial for the
selection of an effective control (Ribeiro
Campos et al., 2021). Therefore, rearing the
detected larvae and  morphological
identification is necessary.

Microscopical examination revealed that the
detected larvae were Sarcophaga larvae,
which have cephalopharyngeal skeleton in
the anterior end. While the posterior end has
two C-shaped posterior spiracles with three
longitudinal spiracular slits. The puparium
was 9 mm in length, barrel shape and
reddish brown to dark brown in colour.
Moreover, the emerged Sarcophaga adult fly
was medium-sized to large (9-12 mm) and
grayish in colour with chess board like
abdomen (Giangaspero et al., 2017). Ayalon
et al. (2020) reported that the larvae of
dipteran families can transmit different
pathogens and cause myasis, involving the
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active feeding of these larvae on the host
tissues, which cause serious problems. In
addition, the cutaneous myiasis in cats in
Italy were caused only by Sarcophaga
tibialis and Sarcophaga argyrostoma flies
(Pezzi et al., 2019; Pezzi et al. 2021).

No available reports about cases of domestic
cats which suffer from cutaneous myiasis in
Egypt. Also, there is no available data about
Sarcophaga argyrostoma sequencing and

phylogeny in Egyptian cats. Therefore,
alongside the traditional morphological
identification techniques, molecular

identification of the collected emerged
Sarcophaga flies was performed as a
confirmatory diagnosis based on COI gene
characterization and analysis. As the
mitochondria-encoded cytochrome C
oxidase subunit I (coxI) gene is considered a
pivotal candidate gene and the most widely
used genetic marker for the molecular
identification of flies and differentiating
Diptera species (Fuentes-Lopez et al., 2020
and Talebzadeh et al., 2020).

The nucleotide sequence (654bp) of the
tested product in this study was recorded as
Sarcophaga argyrostoma, with (OR965058)
accession number in the GenBank.
Moreover, the phylogenetic relationship
between the COI nucleotide sequences of
our isolate and various reference strains of
Sarcophaga species was performed by the
neighbor-joining method (Abdel-Radi et al.,
2022) and showed that the obtained
sequence of S. argyrostoma of the present
study was identical to that in Belgium
(JQ582089, JQ582081), France (JQ582086),
and the USA (AF259512).

The recorded findings in our study
emphasize the need for implementing
targeted preventive measures and control
efforts to ensure comprehensive protection
against ectoparasites and reducing health
hazards.
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CONCLUSION

In conclusion, the present study examined
the prevalence and significant that of
ectoparasites infesting domestic cats in Giza
Governorate, Egypt. Fleas were found to be
the most common ectoparasite, followed by
ear mites, ticks, and myiasis. The detected
parasites were identified based on
morphological and molecular
characterization, with a focus on the COI
gene for Sarcophaga species. Risk factor
analysis revealed that age, sex, and season
influenced infection rates, as younger cats
and the autumn season showed higher
prevalence. The present study emphasizes
the importance of addressing ectoparasitic
infestations in cats for their welfare and
public health. Future initiatives should
involve collaboration among veterinarians
and cat owners to effectively manage these
infections and promote cat well-being.

REFERENCES

Abdel-Radi, S.; Rashad, MM.; Ali, GE,;
Eissa, AE.; Abdelsalam, M. and Abou-
Okada, M. (2022): Molecular
characterization and  phylogenetic
analysis of parasitic  copepoda;
Ergasilus  sieboldi isolated from
cultured gilthead sea bream (Sparus
aurata) in Egypt, associated with
analysis of oxidative stress
biomarkers. J Parasitic Dis; 46
(4):1080-9. doi.org/10.1007/s12639-
022-01531-0.

Aboelela, EM.; Sobieh, MA.; Abouelhassan,
EM.; Farid, DS. and Soliman, ES.
(2022): Retrospective Seasonal
Parasitological Survey on Prevalence
and Epidemiological Determinants of
Ectoparasitic Infestations in Dogs and
Cats of Damietta, Egypt. Adv Anim

Vet Sci, 10(8): 1854-1867.
doi.org/10.17582/journal.aavs/2022/10
.8.1854.1867.

Al-Hosary, AAT. and Mostafa, W. (2022):
Epidemiological study on feline
otoacariasis with special reference for

204

therapeutic trials. Res J. Vet. Pract.
10(2): 7-11. doi.org/10.17582/
journal.rjvp/2022/10.2.7.11.

Authoy, AS.; Chanda, A.; Datta, A.; Al
Faruk, S. and Kamal, T. (2023):
Prevalence of ectoparasites of dog and
cat in Dhaka, Bangladesh. Res J Vet

Pract, 11(4): 42-48.
doi.org/10.17582/journal.rjvp/2023/11.
4.42.48.

Ayalon, A.; Yehezkeli, V.; Paitan, Y.; Szpila,
K.; Mumcuoglu, KY. and Moisseiev, E.
(2020): Massive Orbital Myiasis
Caused by Sarcophaga argyrostoma
Complicating Eyelid  Malignancy.
Case Rep Ophthalmol Med: 5618924.
doi: 10.1155/2020/5618924.

Azarm, A.; Saghafipour, A.; Yousefi, S;
Shahidi, F. and Zahraei-Ramazani,
AR. (2023): Study on Ectoparasites of
Free-Ranging Domestic Cats (Felidae;
Felis  catus) and Introducing
<i>Trichodectes canis</i> as a New
Record Louse in Tehran Urban Parks,
Iran. Psyche: J Entomol. p. 2514681.
doi: 10.1155/2023/2514681.

Beard, D.; Stannard, HJ. and Old, JM.
(2021): Morphological identification
of ticks and molecular detection of
tick-borne pathogens from bare-nosed
wombats (Vombatus ursinus).
Parasites & Vectors, 14(1): 60. doi:
10.1186/s13071-020-04565-6.

Bezabh, SA.; Tesfaye, W.; Christenson, JK.;
Carson, CF. and Thomas, J. (2022):
Antiparasitic Activity of Tea Tree Oil
(TTO) and Its Components against
Medically Important Ectoparasites: A
Systematic Review. 14(8): p. 1587.
doi: 10.3390/pharmaceutics14081587.

Chalkowski, K.; Wilson, AE.; Lepczyk, CA.
and Zohdy, S. (2019): Who let the cats
out? A global meta-analysis on risk of
parasitic infection in indoor versus
outdoor domestic cats ( Felis catus).

Biol Lett, 15(4): 20180840. doi:
10.1098/rsbhl.2018.0840.

Chan, YH. (2003): Biostatistics 103:
Qualitative data —tests of
independence. Singapore Med J,

44(10): 498-503.


https://doi.org/10.1007/s12639-022-01531-0
https://doi.org/10.1007/s12639-022-01531-0
http://dx.doi.org/10.17582/journal.rjvp/2023/11.4.42.48
http://dx.doi.org/10.17582/journal.rjvp/2023/11.4.42.48

Assiut Vet. Med. J. (Special issue) 19™ Sci. Cong. 2024, Fac. Vet. Med., Assiut Univ., Eqypt, 192-207

Che Kamaruddin, N.; Adrus, M. and Wan,
WN. (2020): Prevalence of
ectoparasites on a stray cat population
from “Town of Knowledge” Kota
Samarahan,  Sarawak, Malaysian
Borneo, Turk J Vet Anim Sci, 44:
1212-1221. doi:10.3906/vet2005-24.

Christ, LX.; Pozzatto, DS.; Sampaio, RTB.;
Manier, BSML.; Magalhdes, YM. and
Fernandes, JI. (2022): Furuncular
myiasis caused by Dermatobia
hominis in a domestic cat — case
report, Brazil J Vet Med, 44, e003922.
doi: 10.29374/2527-2179.bjvm003922

Colella, V.; Nguyen, VL.; Tan, DY.; Lu, N.;
Fang, F.; Zhijuan, Y.; Wang, J.; Liu,
X.; Chen, X.; Dong, J.; Nurcahyo, W.;
Hadi, UK.; Venturina, V.; Tong, KBY.;
Tsai, YL.; Taweethavonsawat, P.;
Tiwananthagorn, S.; Le, TQ.; Bui,
KL.; Watanabe, M.; Rani, P,
Annoscia, G.; Beugnet, F.; Otranto, D.
and Halos, L. (2020): Zoonotic
Vectorborne Pathogens and
Ectoparasites of Dogs and Cats in
Eastern and Southeast Asia. Emerg
Infect Dis, 26(6): p. 1221-1233. doi:
10.3201/eid2606.191832.

Elom, MO.; Obeji, NN.; Nworie, A. and
Usanga, V. (2020): Ectoparasitic
infestations of cats and dogs in lzzi
Local Government Area of Ebonyi
State, Nigeria: brief communication
for ‘One Health’ approach to control
of potential zoonoses, Afr J Clin Exper
Microbiol, 21 (1): 72 - T77.
doi.org/10.4314/ajcem.v21i1.10.

Fanelli, A.; Doménech, G.; Alonso, F.;
Martinez-Carrasco, F.; Tizzani, P. and
Martinez-Carrasco, C. (2020):
Otodectes cynotis in urban and peri-
urban semi-arid areas: a widespread
parasite in the cat population. J Parasit
Dis, 44(2): 481-485. doi:
10.1007/s12639-020-01215-7.

Fardell, LL.; Young, LI.; Pavey, CR. and
Dickman, CR. (2021): Habitat use by
wandering pet cats (Felis catus) in a
patchy urban environment. J Urban
Ecol, 7(1): p. juab019. doi:
10.1093/jue/juab019.

205

Farid, DS.; Sallam, NH.; Eldein, AMS. and
Soliman, ES. (2021): Cross-sectional
seasonal prevalence and relative risk
of ectoparasitic infestations of rodents
in North Sinai, Egypt. Vet World,
14(11): 2996-3006. doi:
10.14202/vetworld.2021.2996-3006.

Fauziyah, S.; Furqoni, A.; Fahmi, NF;
Pranoto, A.; Baskara, PG.; Safitri, LR.
and Salma, Z. (2020): Ectoparasite
Infestation among Stray Cats around
Surabaya Traditional Market,
Indonesia. J Trop  Biodiversity
Biotechnol, 05 (3): 201 — 210. doi:
10.22146/jtbb.53687.

Fuentes-Lopez, A.; Ruiz, C.; Galian, J. and
Romera, E. (2020): Molecular
identification of forensically important
fly species in Spain using COI
barcodes. Science & Justice. 60(3):
293-302. doi:
10.1016/j.scijus.2019.12.003.

Genchi, M.; Vismarra, A.; Zanet, S.;
Morelli, S.; Galuppi, R.; Cringoli, G.;
Lia, R; Diaferia, M.; Frangipane di
Regalbono, A.; Venegoni, G.; Solari
Basano, F.; Varcasia, A.; Perrucci, S.;
Musella, V.; Brianti, E.; Gazzonis, A.;
Drigo, M.; Colombo, L. and Kramer,
L. (2021): Prevalence and risk factors
associated with cat parasites in Italy: a
multicenter  study. Parasites &
Vectors. 14(1): 475. doi:
10.1186/s13071-021-04981-2.

Ghosh, D.; Kar, O.; Pramanik, D.;
Mukherjee, A.; Sarkar, S.; Mukherjee,
K.; Naskar, A. and Banerjee, D.
(2022): Molecular identification and
characterization of Muscid flies
(Diptera:  Muscidae) of medico-
veterinary  importance  from the
Gangetic plains of Eastern India. Inter
J Trop Insect Sci, 42(6): 3759-3769.
doi:10.1007/s42690-022-00900-9.

Giangaspero, A.; Marangi, M.; Balotta, A.;
Venturelli, C.; Szpila, K. and Palma,
AD. (2017): Wound Myiasis Caused
by Sarcophaga (Liopygia)
Argyrostoma (Robineau-Desvoidy)
(Diptera: Sarcophagidae): Additional
Evidences of the Morphological


https://dx.doi.org/10.4314/ajcem.v21i1.10
http://dx.doi.org/10.1007/s42690-022-00900-9

Assiut Vet. Med. J. (Special issue)

19™ Sci. Cong. 2024, Fac. Vet. Med., Assiut Univ., Eqypt, 192-207

Identification Dilemma and Molecular
Investigation, Sci World J,
doi.org/10.1155/2017/9064531.
Giordani, G.; Whitmore, D. and Vanin, S.
(2023): A New, Non-Invasive
Methodology for the Molecular
Identification of Adult Sarcophagidae
from Collections. Insects, 14(7). doi:
10.3390/insects14070635.
lannino, F.; Sulli, N.; Maitino, A.; Pascucci,
I.; Pampiglione, G. and Salucci, S.
(2017): Fleas of dog and cat: species,
biology and flea-borne diseases,
Veterinaria Italiana, 53 (4), 277-288.
doi: 10.12834/Vetlt.109.303.3.
H.; Shin, SE.; Ko, KS. and Park, SH.
(2020): The Application of
Mitochondrial  COl  Gene-Based
Molecular Identification of
Forensically Important Scuttle Flies
(Diptera: Phoridae) in Korea. BioMed
Res Inter. doi: 10.1155/2020/6235848.
Liguor, G.; Costagliola, A. Lombardi, R.;
Paciello, O. and Giordano, A. (2023):
Human-Animal Interaction in Animal-

Kim,

Assisted Interventions (AADs:
Zoonosis Risks, Benefits, and Future
Directions&mdash;A  One Health
Approach.  Animals. 13, doi:

10.3390/ani13101592.

Ningsih, WO. and Mahatma, R. (2023):
Identification of Ectoparasites in Cats
(Felis domestica) in Mandau District,
Duri City, Riau, J Biol Trop, 23 (3):
374 379.
doi: 10.29303/jbt.v23i3.5032

Pezzi, M.; Bonacci, T.; Leis, M.; Mamolini,
E.; Marchetti, MG.; Krémar, S,
Chicca, M.; Del Zingaro, CNF.;
Faucheux, MJ. and Scapoli, C. (2019):
Myiasis in domestic cats: a global
review. Parasites & Vectors, 12(1): p.
372. doi: 10.1186/s13071-019-3618-1.

Pezzi, M.; Scapoli, C.; Chicca, M.; Leis, M.;
Marchetti, MG.; Del Zingaro, CNF.;
Vicentini, CB.;  Mamolini, E.;
Giangaspero, A. and Bonacci, T.
(2021): Cutaneous myiasis in cats and
dogs: Cases, predisposing conditions
and risk factors. Vet Med Sci. 7(2):
378-384. doi: 10.1002/vms3.370.

206

Rachmawati, K.; Koesdarto, S.; Hamid, IS.
and Permatasari, DA. (2022):
Identification of Ectoparasites and
Gastrointestinal Tract Endoparasites in
Stray Cats at Traditional Market of
Bojonegoro City, J Parasit Sci,
6(2):46-49.
d0i:10.20473/jops.v6i2.36262.

Ribeiro, Campos, D.; Pereira De Assis, RC.;
De Oliveira Chaves, JK.; Pereira
Salca De Almeida, G.; Santos Lima,
EA.; De Moraes Intrieri, J. and
Barbour Scott, F. (2021): Furuncular
myiasis caused by Dermatobia hominis
in five cats and efficacy of topical

fluralaner for its treatment. Vet
Dermatol.  32(5):  438-el1l17. doi:
10.1111/vde.12998.

Talebzadeh, F.; Oshaghil, MA.;
Akbarzadeh, K. and  Panahi-
Moghadam, S. (2020):  Molecular
Species  ldentification  of  Six

Forensically Important Iranian Flesh
Flies (Diptera), J Arthropod Borne Dis
;14 (4):416-424. doi:
10.18502/jad.v14i4.5279.

Tamura, K.; Stecher, G.; Peterson, D.;
Filipski, A. and Kumar, S. (2013):

MEGA6:  molecular  evolutionary
genetics  analysis  version  6.0.
Molecular biology and evolution,

30(12): 2725-2729. 0(12):2725-9. doi:
10.1093/molbev/mst197.

Thompson, JD.; Higgins, DG. and Gibson,
TJ. (1994): CLUSTAL W: improving
the sensitivity of progressive multiple
sequence alignment through sequence
weighting,  position-specific  gap
penalties and weight matrix choice.
Nucleic acids res, 22(22): 4673-
4680. doi.org/10.1093/nar/22.22.4673.

Saleh, MN.; Allen, KE.; Lineberry, MW.;
Little, SE. and Reichard, MV. (2021):
Ticks infesting dogs and cats in North

America: Biology, geographic
distribution, and pathogen
transmission, Vet Parasitol, 294
109392. doi.org/10.1016/j.vetpar.

2021.109392.
Sambrook, J.; Fritsch, EF. and Maniatis, T.
(1989):  Molecular  cloning: a


https://doi.org/10.1155/2017/9064531
https://doi.org/10.29303/jbt.v23i3.5032
http://dx.doi.org/10.20473/jops.v6i2.36262
https://doi.org/10.1093/nar/22.22.4673

Assiut Vet. Med. J. (Special issue) 19™ Sci. Cong. 2024, Fac. Vet. Med., Assiut Univ., Eqypt, 192-207

laboratory manual.,, 2nd edn.(Cold characteristics of immature stages of a
Spring Harbor Press: New York). forensically important fly
Scholl, PJ.; Colwell, DD. and Cepeda- Parasarcophaga ruficornis (Fabricius)
Palacios, R. (2019): Muyiasis (Diptera: Sarcophagidae), Parasitol
(Muscoidea, Oestroidea), in Medical Res, 110 (2), 821-831. doi:
and veterinary entomology., Elsevier. 10.1007/s00436-011-2561-7.
p. 383-419. Sparkes, AH. and Noli, C. (2020): Approach
Siagian, TB. and Siregar, ER. (2022): to the Feline Patient: General and
Ectoparasite Infestation Prevalence in Dermatological Examination,in Feline
Cats (Felis Domestica) at the Teaching Dermatology, C. Noli and S. Colombo,
Animal Hospital of FKH IPB, J Editors, Springer International.
Ternak, 12 (2): 68 - 73. Soulsby, EJL. (1982): Helminths,
doi.org/10.30736/jt.v12i2.114. Arthropods  and Protozoa  of
Singh, D.; Garg, R. and Wadhawan, B. Domesticated Animals. 7th Edition,
(2012): Ultramorphological Bailler, Tindall. London.

¢ 8 jaad) ddidlaa 8 4 il Jaball) canal ) A ) cillidhal) lany e Ay e g Anlidda A 0
A

S ) 18 Jgane g gl o s e ¢ b JlaS dan) ¢ ) ) 18 plandi ¢ Ciugy J9ana £ Y/

Email: ahmed2015@aun.edu.eg.  Assiut University web-site: www.aun.edu.eg

GBS dna g Laladll 4al 5 e site iy gl Ua o GVl Lbaaial o Bl o liely
(b uad) Adadlae 3 A9 saal Jakadll 3 daa Hlad) colbalally dlal) LT sae Canll 138 i dua A cillall)
& Ao giiall kil cile gana (yo A €0+ Criamis XYY uadss Y OYY uenns (e dudall Caxial | jeae
o el das f e gl e da sndal) Jadadll e 940 Y,Y0 5 06Y 0, Vo & Y1 Cie g Cued il 3 ga g s
ol 3 0e Aam) clylalall dn 5158 5 pall Ly il g g el alaal) G55 3 Laghe JSI 0,0 dpasiy il
aalll Hhaall 3 Wyl A all cills 5 sl ) i 3paat) COI o iy ¢ Sl Capa gill ind) ey cell
Lalaill ¢ yelal a¥) c¥ane & CAY) e 138 (8IS 3y cangall 5 Guinlly eally 45 lie cllall o2 e
Juab b Ll Jae Slef cansall il Selals (%€A,70) bl Jaee el aals dle e b jee iy )
4.\\..4‘}” Jon Aol xP) abadiny| L»UJ\ sdd il cAJJS\ ) Lé aalads oo il 5 Canall aaly ‘q;a‘)ij\
Lalall daall dlea g Lakadll e ) jo3ad sad &) e Bk Aliay ()5Sl A i) Lakaill 8 A ) Cllalally

207


https://doi.org/10.30736/jt.v12i2.11
mailto:ahmed2015@aun.edu.eg
http://www.aun.edu.eg/

