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ARTICLE INFO

ABSTRACT

Although Cryptosporidium spp. infects a wide range of hosts, including cats. Data on the prevalence
and molecular characteristics of these zoonotic enteric protozoa, particularly Cryptosporidium felis
in cats from Turkiye, remain limited. This study aimed to determine the prevalence, species
distribution, and zoonotic relevance of Cryptosporidium spp. in cats from the Igdir region. Fecal
samples collected from 100 cats were examined microscopically using the Kinyoun acid-fast
staining method and molecularly by nested PCR targeting the 185 rRNA gene. PCR-positive
samples were subjected to Sanger sequencing, and phylogenetic analyses were conducted using
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Efmg;?)zri dium felis MEGA version 12. Microscopy detected oocysts in 1% (1/100) of samples, while nested PCR
Cat identified 3% (3/100) positivity. A higher prevalence. was observeq in fgrpale cats and_ in anim_als
Prevalence younger than one year of age. All three sequenced isolates were identified as C. felis, showing
Molecular diagnosis 99.75% identity to reference sequences in GenBank. Phylogenetic analysis confirmed that all
Z00nosis isolates clustered within the C. felis lineage. The presence of C. felis in cats in the Igdir region

highlights their potential role as reservoirs of zoonotic Cryptosporidium species. These findings
underscore the importance of continued surveillance and molecular characterization of feline
cryptosporidiosis in Tirkiye, given the close human—cat interaction in domestic environments.
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Introduction

Cryptosporidium spp. are opportunistic zoonotic  cats, its zoonotic potential has also been demonstrated

parasites belonging to the phylum Apicomplexa. They are
obligate intracellular organisms that infect the respiratory
and/or gastrointestinal epithelium of a wide range of
vertebrate hosts, including humans, livestock, birds,
reptiles, and fish. Owing to their widespread occurrence in
both humans and companion animals, these parasites hold
significant importance in veterinary medicine and public
health (McReynolds et al., 1999; Palmer et al., 2008; Samie
et al., 2013; Ito et al., 2017; Orung-Kiling et al., 2018;
Koseoglu et al., 2022; Aslan-Celik et al., 2023a).

Today, more than 30 Cryptosporidium species are
recognized based on molecular and biological
characterization. Most feline infections are caused by
Cryptosporidium felis (Li, J. et al., 2019; Aslan-Celik et al.,
2023b). Although C. felis exhibits strong host adaptation to

(Paoletti et al., 2011; Koseoglu et al., 2022). In addition to
C. felis, other species such as Cryptosporidium parvum
and, more rarely, Cryptosporidium muris have also been
isolated from cats (de Oliveira Lemos et al., 2012; Yang et
al., 2015; Aslan-Celik et al., 2023b). Among the eight
species responsible for the majority of human
cryptosporidiosis cases Cryptosporidium hominis, C.
parvum, Cryptosporidium meleagridis, Cryptosporidium
cuniculus, Cryptosporidium ubiquitum, Cryptosporidium
viatorum, C. felis, and Cryptosporidium canis, C. hominis
and C. parvum are recognized as the predominant causative
agents (Yoshiuchi et al., 2010; FitzGerald et al., 2011;
Samie et al., 2013; Yang et al., 2015; Moreira et al., 2018;
Koseoglu et al., 2022; Aslan-Celik et al., 2023a).
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The sporulated and infectious oocysts shed in the feces
of infected hosts are highly resistant to environmental
conditions and can contaminate water and food sources for
extended periods. Transmission occurs via the fecal—oral
route, through direct animal-to-animal or animal-to-human
contact, or by ingestion of contaminated surfaces, water, or
food (Sargent et al., 1998; Moreira et al., 2018; Kdseoglu
et al., 2022). Cryptosporidium has been implicated in
numerous waterborne outbreaks worldwide (Yang et al.,
2015). Direct transmission between humans and animals is
considered to be relatively uncommon; instead, most
human and animal infections are believed to result from
exposure to contaminated water or environmental sources
(de Oliveira Lemos et al., 2012).

Cryptosporidium infection in cats is generally
asymptomatic; however, young and neonatal kittens are
more susceptible to developing clinical disease. In
symptomatic cases, diarrhea, anorexia, and weight loss are
the most frequently reported clinical signs (Paoletti et al.,
2011; de Oliveira Lemos et al., 2012; Koseoglu et al., 2022;
Aslan-Celik et al., 2023a). While C. felis infections
typically remain subclinical, C. parvum infections may be
associated with more pronounced diarrhea (de Oliveira
Lemos et al., 2012). In humans, Cryptosporidium infection
may be asymptomatic in immunocompetent individuals;
however, it can cause chronic and life-threatening disease
in children, the elderly, and immunocompromised
individuals (Sargent et al., 1998; Paoletti et al., 2011; de
Oliveira Lemos et al., 2012; Taghipour et al., 2021)

Cats infected with Cryptosporidium spp. pose a
potential zoonotic risk, and the increasing frequency of
human-pet interactions further heighten the clinical
relevance of this concern. In Turkiye, studies investigating
the prevalence of Cryptosporidium spp. infections in cats
are notably limited. The aim of the present study is to
determine the prevalence of Cryptosporidium spp.
infections in cats in the Igdir region, to identify the species
present in positive samples using molecular methods, and
to evaluate the level of zoonotic risk based on the findings
obtained.

Materials and Methods

The Study Area and Sample Collection

This study was conducted in Igdir Province, located in
the Eastern Anatolia Region of Tirkiye. Fecal samples
were collected from 100 cats brought to the Igdir
University Animal Hospital between March and August
2024. Both stray cats (n=46) and owned domestic cats
(n=54) were included in the study. The cats were either
clinically healthy (n=72) or presented with diarrhea
(n=28). Cats that had received antiparasitic treatment
(including any benzimidazoles or other anticoccidial
drugs) within the previous 14 days were excluded from the
study. Fresh fecal samples were collected directly from the
rectum or immediately after spontaneous defecation, stored
in sterilized containers, and labeled with age, sex, clinical
status, and ownership information. Samples were
transported to the laboratory on ice and stored at 4°C until
processing within 24 hours.

Microscopic Examination

All samples were examined for Cryptosporidium spp.
using the Kinyoun acid-fast staining technique. Smear
preparations were first made from fresh fecal samples,
fixed by placing them in absolute methanol for 1 minute,
and then allowed to air-dry. The slides were stained in a
tray containing Kinyoun carbol-fuchsin for 5 minutes,
submerged in 50% ethyl alcohol, gently agitated, and
rinsed under tap water. They were then placed in a tray
containing 1% sulfuric acid for 2 minutes to decolorize,
then rinsed again. Afterward, the slides were immersed in
methylene blue for 1 minute, rinsed, and left to dry. Once
dried, immersion oil was applied, and the preparations
were examined under a microscope at 100x magnification
(Celik et al., 2023).

DNA Extraction

Genomic DNA was extracted from each stool sample
using GeneMATRIX STOOL DNA Purification Kit
(EURx, Gdansk, Poland) based on the manufacturer’s
procedure. The extracted genomic DNA was stored at -
20°C until use.

PCR Amplification

Cryptosporidium spp. was detected using a nested PCR
protocol targeting an approximately 826-864 bp fragment
of the 18S rRNA gene. The primary PCR amplified a
~1,325 bp fragment using the outer forward primer 5'-
TTCTAGAGCTAATACATGCG-3" and outer reverse
primer 5'-CCCATTTCCTTCGAAACAGGA-3’ (Xiao et
al., 2001). The secondary (nested) PCR amplified an 826—
864 bp fragment using the inner forward primer 5'-
GGAAGGGTTGTATTTATTAGATAAAG-3' and inner
reverse primer 5-AAGGAGTAAGGAACAACCTCCA-
3.

Each primary PCR reaction mixture (25 uL) contained
2.5 uL of 10x PCR buffer, 2.0 mM MgCl, 0.2 mM of each
dNTP, 0.4 uM of each outer primer, 1.25 U of Tag DNA
polymerase (Thermo Scientific, USA), and 3 pL of
template DNA. The primary PCR cycling conditions were
as follows: initial denaturation at 94°C for 5 minutes; 35
cycles of denaturation at 94°C for 45 seconds, annealing at
55°C for 45 seconds, and extension at 72°C for 1 minute;
followed by a final extension at 72°C for 10 minutes.

For the nested PCR, 1 pL of the primary PCR product
was used as template in a 25 pL reaction mixture
containing the same concentrations of buffer, MgCl,
dNTPs, and Taqg DNA polymerase, but with 0.4 uM of
inner primers. The nested PCR cycling conditions were:
initial denaturation at 94°C for 5 minutes; 35 cycles of
denaturation at 94°C for 45 seconds, annealing at 58°C for
45 seconds, and extension at 72°C for 1 minute; and a final
extension at 72°C for 10 minutes.

Positive control (DNA derived from C. parvum-
positive fecal sample) and negative control (nuclease-free
water) were included in each run. PCR products were
stained with RedSafe™ Nucleic Acid Staining Solution
(iNtRON Biotechnology Inc., Seoul, South Korea) and
visualized on a 1.5% agarose gel under UV light.
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Phylogenetic Analysis

The PCR products obtained in this study were
sequenced by a commercial laboratory (BM Labosis,
Ankara). All raw sequence data were imported into
FinchTV (https://digitalworldbiology.com/FinchTV).
Bidirectional sequence reads were assembled to generate
consensus sequences, which were saved as FASTA-
formatted files for subsequent bioinformatic analysis.
DNA sequences derived from the two separate reads of
each isolate were first compared. Sequence alignments
were performed using the BioEdit Sequence Alignment
Editor (Hall et al., 2011). A significance threshold of 95%
was applied. Neighbor-Joining and bootstrap analyses
were conducted using MEGA 12 (Kumar et al., 2024).
Relative genetic distances among different
Cryptosporidium species were calculated using the Tamura
3+G substitution model. The construction of Neighbor-
Joining trees was based on evolutionary distances among
isolates. Sarcocystis cruzi (AH006017.2) was used as the
outgroup.

Statistical Analysis

The data obtained in the study were analyzed using SPSS
V16.0 (IBM, Chicago, IL, USA). The relationship between
grouped variables was calculated using chi-square test. The
difference was considered statistically significant when P < 0.05.

Results

In the present study, microscopic examination detected
Cryptosporidium spp. oocysts in 1% (1/100) of the
samples, whereas nested PCR revealed a positivity rate of
3% (3/100) (Figure 1). A total of 100 cats were included in
the study, comprising 52 females and 48 males. The age
distribution showed that 40 cats were younger than 1 year,
and 60 were 1 year or older. PCR positivity was detected
in three cats (3%): two females and one male; two cats
under 1 year and one cat over 1 year. Although infection
rates were higher in females (3.8%) and young cats (5.0%)
compared to males (2.1%) and older cats (1.7%), these
differences were not statistically significant (P > 0.05 for
both comparisons) (Table 1).

Table 1. Infection rates of Cryptosporidium spp., in cats by sex and age

. Microscopy Positive PCR Positive
Factor Examined (n) o % P o % P

Sex

Female 50 1 2.00 2 4.00

Male 50 0 0.00 0315 200 098
Age(Year)

<1 65 1 1,54 2 3,08

>1 35 0 0.00 0.05 1 2gs 09!
Total 100 1 1.00 3 3.00

Table 2. The DNA sequences deposited in GenBank as a result of this study.

Obtained Sequences

Reference Sequences From GenBank

Target Accession Length Identity .

Pathogen Host Gene Number (bp) (%) Accession Number
C.felis Cat 18S rRNA PX426450.1 801 99.75 DQ836340.1, MH115431.1
C.felis Cat 18S rRNA PX426449.1 802 99.75 AF159113.1, AF112575.1
C.felis Cat 18S rRNA PX427730.1 801 99.75 MH115431.1, FJ707310.1

9 6 9 ﬂ 0 m @ PX427730.1 This study (Cat)
FJ707310.1 Cryptosporidium felis (Human)
64| @ PX426449.1 This Study (Cat)
@ PX426450.1 This Study (Cat)
100 | MW116655.1 Cryptosporidium felis (Cat)
AF159113.1 Cryptosporidium felis (Cat)
MK982512.1 Cryptosporidium felis (Cat)
2 KE760I38);1£118‘::2.1 ::rypto;poﬁdium fe(::: (E)at)
osporidium canis (Minl
—lp> 3000 KM870593.1 Cr;'y;flos:o_ﬁdium varanii (Snake)
=200 ) e i ey
——’1500 27— LC483882.1 Cryptosporidium fayeri (Sugar squirrels)
1000 47‘|_LKT336621,1 Cryptospon’d‘iu_m cunicu_lu_s (Rabbit)
- 861 KM012041.1 Cryptosporidium hominis (Human)
——’800 82~ DQ388386.1 Cryptosporidium hominis (Human)

Figure 1. Figure 1. Nested PCR agarose gel image. M:

Marker, N: Negative control, P: Positive control, 5, 6, and 8

positive samples (826-864 bp).

EU408315.1 Cryptosporidium bovis (Sheep)

AF108866.1 Cryptosporidium serpentis
52 JN400881.1 Cryptosporidium andersoni(Calf)

98' KF826311.1 Cryptosporidium andersoni (Human)
AHO006017.2 Sarcocystis cruzi

Figure 2. Phylogram illustrating the relationships among C.

felis 18S rRNA gene sequences based on evolutionary

distances inferred using the Neighbor-Joining method.
Values on the branches represent bootstrap percentages obtained from

1,000 replicates, and only values greater than 50% are shown. Sarcocystis

cruzi (AH006017.2) was used as the outgroup.
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Sequence analysis was successfully performed for three
samples. When the obtained DNA sequences were
compared with the NCBI Basic Local Alignment Search
Tool database, all isolates were found to correspond to C.
felis (Table 2). The resulting C. felis sequences were
deposited in GenBank under the accession numbers
PX426450.1, PX426449.1, and PX427730.1. Phylogenetic
analysis based on the 18S rRNA locus demonstrated that
the C. felis sequences obtained in this study (PX426450.1,
PX426449.1, PX427730.1) clustered within a distinct
subclade together with reference C. felis sequences
retrieved from GenBank (FJ707310.1, MW116655.1,
AF159113.1, MK982512.1, PX101842.1) (Figure 2).

Discussion

As companion animals that often share living spaces
with humans, cats are recognized for their positive effects
on human psychological well-being. However, they may
also serve as reservoirs for zoonotic pathogens such as
Cryptosporidium spp. (Taghipour et al, 2021).
Cryptosporidium spp. are enteric protozoa that can cause
clinical or subclinical infections in cats of all ages (Palmer
etal., 2008; Yoshiuchi et al., 2010; FitzGerald et al., 2011).
Consequently, concerns about the potential public health
risks of pet ownership have increased in recent years
(Samie et al., 2013; Yang et al., 2015).

The reported prevalence of Cryptosporidium spp.
Infections in cats vary widely across studies conducted
worldwide, influenced by geographic region, diagnostic
methods, and the animals' living conditions. Prevalence
rates reported in different countries include: Australia,
1.2% (Sargent et al., 1998), the USA, 8.3-13%
(McReynolds et al., 1999; Santin et al., 2006; Ballweber et
al., 2009), Canada, 7.3% (Shukla et al., 2006), Italy, 24.5%
(Rambozzi et al., 2007), Australia, 2.45-9.9% (Palmer et
al., 2008; Yang et al., 2015), Japan, 1.4-12.7% (Yoshiuchi
et al., 2010; Ito et al., 2016; Ito et al., 2017), Brazil, 8.33—
12.8(de Oliveira Lemos et al., 2012; Moreira et al., 2018),
Africa, 32% (Samie et al., 2013), China, 2.3-6.2% (Li et
al., 2015; Li, J. et al., 2019; Li, W. et al., 2019), Spain,
46% 6 (Gil et al, 2017), Thailand, 2.5-12.1%
(Koompapong et al., 2014; Tangtrongsup et al., 2020),
Denmark, 6.7% (Enemark et al., 2020), Poland, 4.6%
(Piekara-Stepinska et al., 2021), Iran, 5.3% (Karimi et al.,
2023), Kazakhstan, 2.4% (Lider et al., 2025), and Turkiye,
0-5% (Orun¢-Kiling et al., 2018; Karakavuk et al., 2021;
Onder et al., 2021; Koseoglu et al., 2022; Aslan-Celik et
al., 2023a; Aslan-Celik et al., 2023b).

Although microscopic, serological, and molecular
methods are all used in the diagnosis of Cryptosporidium
spp., molecular techniques are considered superior due to
their ability to identify species, subtypes, and strains with
high precision (Orun¢-Kiling et al., 2018; Piekara-
Stepinska et al., 2021; Koseoglu et al., 2022; Aslan-Celik
et al., 2023b). In the present study, the prevalence was
determined as 1% by microscopic examination and 3% by
PCR analysis. These rates are comparable to those reported
in Australia (2.45%), China (3.8%), Thailand (2.5%), and
Turkiye (2.5-3%) (Palmer et al., 2008; Koompapong et al.,
2014; Li et al., 2015; Oruncg-Kiling et al., 2018; Koseoglu
et al., 2022; Aslan-Celik et al., 2023b). In contrast, the
prevalence observed in this study is higher than that

reported from Australia (1.2%), China (2.3%), Japan (1.4—
2%), and Turkiye (0-1%) (Sargent et al., 1998; Ito et al.,
2016; Ito et al., 2017; Li, W. et al., 2019; Karakavuk et al.,
2021; Onder et al., 2021; Aslan-Celik et al., 2023a), but
lower than prevalence levels reported from Africa (32%),
Brazil (12.8%), the USA (13%), ltaly (24.5%), and
Thailand (12.1%) (Santin et al., 2006; Rambozzi et al.,
2007; Samie et al., 2013; Moreira et al., 2018;
Tangtrongsup et al., 2020).

The differences observed among studies may be
attributed to variations in diagnostic methods (such as
microscopy, serology, or PCR), population characteristics,
sample size, and geographical conditions.

Although C. felis, C. parvum, and C. muris have all been
reported in cats, the majority of infections are attributed to C.
felis (Yang et al., 2015; Li, J. et al., 2019; Aslan-Celik et al.,
2023b). Some studies have identified C. parvum (Sotiriadou
et al., 2013; Li et al., 2015; Li, J. et al., 2019), others have
reported C. muris (Santin et al., 2006; Yang et al., 2015; Li, J.
et al., 2019), while several studies have detected C. felis
(Santin et al., 2006; Palmer et al., 2008; Koompapong et al.,
2014; Li et al., 2015; Yang et al., 2015; Ito et al., 2017; Li, J.
et al., 2019; Enemark et al., 2020; Piekara-Stgpinska et al.,
2021; Koseoglu et al., 2022; Aslan-Celik et al., 2023b; Karimi
et al., 2023; Lider et al., 2025). In the present study, all three
sequenced samples were identified as C. felis. These results
are consistent with findings from Australia (Palmer et al.,
2008), China (Li, J. etal., 2019), the USA (Santin et al., 2006),
Japan (Yoshiuchi et al., 2010), Poland (Piekara-Stepinska et
al., 2021), and Tiirkiye (Koseoglu et al., 2022; Aslan-Celik et
al., 2023b)

In this study, the C. felis isolate deposited in GenBank
under the accession humber PX426450.1 showed 99.75%
similarity to isolates DQ836340.1 (cat, USA) and
MH115431.1 (cat, China). The isolate PX426449.1
exhibited 99.75% similarity to isolates AF159113.1 (cat,
China) and AF112575.1 (cat, China). Likewise, the isolate
PX427730.1 demonstrated 99.75% similarity to isolates
MH115431.1 (cat, China) and FJ707310.1 (cat, China).

In previous studies, some researchers have reported a
higher prevalence of infection in female cats (Santin et al.,
2006; Samie et al., 2013; Gil et al., 2017; Li, W. et al.,
2019; Karimi et al., 2023), whereas others have
documented higher prevalence in males (McReynolds et
al., 1999; Rambozzi et al., 2007; Ballweber et al., 2009; Li
et al., 2015). The higher prevalence observed in females in
the present study is consistent with findings reported from
Spain (Gil et al., 2017), Africa (Samie et al., 2013), China
(Li, W. et al., 2019), and Iran (Karimi et al., 2023).

Across various studies worldwide, some researchers
have reported higher prevalence in cats younger than one
year of age (McReynolds et al., 1999; Santin et al., 2006;
Rambozzi et al., 2007; Ballweber et al., 2009; Samie et al.,
2013; Ito et al., 2016; Gil et al., 2017; Ito et al., 2017; Li,
W. et al., 2019), whereas others have found greater
prevalence in older cats (Li et al., 2015; Karimi et al.,
2023). The higher prevalence detected in cats under one
year of age in the present study is consistent with findings
reported from the USA (McReynolds et al., 1999), Japan
(Ito et al., 2016), Spain (Gil et al., 2017), and Iran (Karimi
et al., 2023). Overall, the increased susceptibility of
younger cats observed in many studies may be attributed to
the incomplete maturation of their immune systems.

1720



Yilmaz et al. | Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1717-1722, 2026

Conclusion

This study demonstrates the presence of
Cryptosporidium infections in cats in the [gdir region, and
the confirmation of C. felis in all molecularly positive
samples indicates that cats may play a role in the
circulation of this zoonotic pathogen. Individuals who are
in close contact with cats, particularly those who are
immunocompromised, may be at increased risk of
exposure. Therefore, routine monitoring of
Cryptosporidium infections in cats, enhanced hygiene
measures, and further molecular investigations aimed at
more comprehensively assessing species and subtype
diversity are recommended.
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