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Abstract

This study was conducted to uncover the molecular prevalence of Cystoisospora species based on the
rRNA ITS1 locus, in cats in Babylon city, Iraq for a period of 6 months from the beginning of November
2021 to the end of April 2022. A total of 100 cat’s faecal samples were examined by Polymerase Chain
Reaction (PCR). Our data disclosed that 22 out of 100 cats (22%) were shown to be infected with
Cystoisospora felis. The parasite burden in males was 26% (13/50) and it was higher than females 18%
(9/50). Kittens under 6 months of age had the highest infection rate 34.78% compare to other age groups.
Additionally, the months had also a comparable effect on the infection rate with no significant difference,
where the highest infection rate was 34.78% and recorded in November and the lowest was 6.66% and
recorded in March. Database search showed sequence homology with the Australian C. felis, Chinese C.
felis and the Australian Cystoisospora spp. isolates. This study exhibited that the C. felis is the most
common species in cats in lrag in comparison to C. rivolta.
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Introduction other parasites such as Toxoplasma, the
clinical disease associated with Cystoisospora
infections occurs most commonly in young,
debilitated and immunosuppressed cats (13,
18, 22). Cats with or without clinical signs of
disease can pass oocysts, so the finding of
oocysts does not prove a disease association
(26). Cystoisospora felis is commonly
believed to induce diarrhea in kittens but few
experimental data are available from young
adult cats. Phylogenetic analysis of the 18S
rRNA has grouped Cystoisospora together
with Toxoplasma, Neospora and Sarcocystis
than Eimeria. This suggests that Cystoisospora

Cystoisosporiasis, previously  known as
isosporiasis, is an intestinal disease caused by
a protozoan parasite called Cystoisospora
(former name Isospora). It is worldwide
distributed, especially in tropical and
subtropical areas infecting both man and some
animals (12). Cats are one of the main
definitive hosts of this parasite and get
infected with Cystoisospora felis and
Cystoisospora rivolta through the ingestion of
sporulated oocysts with food or water or tissue
cysts from infected paratenic hosts. Some
studies refereed to ability of infection through

the ingestion of paratenic hosts that have eaten
sporulated oocysts such as flies, dung
beetlesor sometimes cock-roaches (13). As in

belongs to the family Sarcocystidae instead of
Eimeriida (17, 28, 30).  Various
epidemiological studies have investigated the
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occurrence of Cystoisospora in cats across the
world. As reported in many studies the
parasite infected 16.4% of cats in Greece (35),
7% in India (11), 43% in Kenya(29), 14% in
Canada (37) and 5.1% in Mexico(25).Based
on the parasite species, the differentiation
between C. felis andC. rivoltacan be easily
done through the morphology of the oocyst
and it has been reported by many researchers
among different countries; China (39), Egypt
(1) and Iran (23).Furthermore, in Iraq, several
studies have been conducted described
infection with Cystoisospora in cats (4, 7, 16).

In the vast majority of cities inlraq, cats
usually move freely in neighborhoods and
inside homes, where they prey mice and
rodents. Since cats are more prevalent in urban
residential areas and have easy access to the
environment, they may contaminate soil, food,
and water, which could lead to more parasite
infections. As most of studies have
emphasized on zoonotic parasites of cats,
other parasites have received little attention in
Irag, the current study was designed to predict
the prevalence of Cystoisospora in cats in
Babylon, 120 Km Ssouth of Irag.

Materials and Methods
Faecal samples collection and processing

The study was conducted on cats brought to
the veterinary clinics in Babylon province
from November 2021 to April 2022. A total of
100 fecal samples were randomly collected
from cats, taking into consideration the age,
sex and the month of collection. A minimum
of 5 g of feces was directly collected and
immediately placed into a plastic container,
and stored at 4°C. Some animals showed
symptoms of diarrheaoea at the time of feces
collectionn. Collected samples were examined
microscopically by direct smear, and
incubated with 2.5% of potassium dichromate

at room temperature for sporulation and
identification (3, 5). Finally, the identified
oocysts were purified from samples using
NaCl flotation method (8, 14, 20) and kept in
4°C for the next experiment.

rRNA ITS1 locus amplification and
sequencing
DNA extraction was performed using

AccuPower PCR Premix Kit (Bioneer, South
Korea) and according to the manufacturer's
instructions. DNA was extracted directly from
oocysts obtained by flotation method (NaCl
method). Amplification was done for
molecular identification of Cystoisospora
using primers mentioned by Samarasinghe et
al. (31). However, because of non specific
bands that have been detected by these
primers, additional PCR analysis has been
conducted using different set of primers.
Briefly, amplification of 225 bp of rRNA ITS1
locus of Cystoisospora (MK430064.1) was
carried using a primer set of ITS1-fb3” CTA
CTG AAT CCC ATA ATC AGG AC’S and
ITS1-rp 3°’°CCA AAA TCT CAA GGA GAT
AGG AG?’S5 as previously described by Scorza
et al. (33). PCR was carried out using Thermal
Cycler Veriti (Thermo Fisher Scientific, USA)
and the following parameters: Initial
denaturation step of 95°C for 5 min, 30 cycles
of denaturation at 95°C for 45s, annealing at
54-C for 45 s and extension at 72(JC for 1
min, and a final extension of 72(1C for 7 min.
All the PCR products were analysed by
electrophoresis on agarose gel, stained with
RedSafe (Intron, Korea), and visualized on
UV transilluminator. After that, amplicons
were sent for sequencing and similarity search
was performed by the searching sequences in
the National Centre for Biotechnology
information (NCBI). Moreover, multiple
sequence alignment of the partial ITS1 locus
sequence was created and sequences were
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aligned by MSCLE tool on SnapGen software
(Version 5.0.5. lowa University, USA).
Phylogenetic tree based on Neighbour-joining
analyses with 500 bootstrap replicates were
performed using the MEGA X software.

Statistical analysis

SAS program was used for sstatistical analysis
to show the significant comparisons between
percentages (33).

Results and Discussion

To date, Cystoisospora spp. species have
usually been recognized depending on the
oocyst  morphology,  however, DNA
confirmation of the species have been rarely
used. Therefore, the GenBank has insufficient
sequencing data for Cystoisospora spp. for the
18S rRNA and rRNA ITS1 loci. In the present
study, we amplified DNA of Cystoisospora
from oocysts in the feces of cats using rRNA
ITS1 locus. The partial sequence of the rRNA
ITS1 locus was amplified directly from the
genomic DNA of Cystoisospora parasite. Gel
electrophoresis analysis showd the band of the
amplified gen with the predicted size of 200
bp (225 bp) (Figure 1). Although, oocysts
were detected microscopically by direct smear
(data were not shown), no bands were
obtained using Cystoisospora specific primers.
The reason is still unknown, it might be the
few numbers of oocysts used for DNA
extraction (10-100 oocysts),while Oliveira et
al. (31) have used 3-7 x 107 oocysts.
However, several studies obtained DNA form
single oocyst (26,27). Consequently, two other
set of primer designed by Scorza et al. (34)
who successfully amplified 225 bp of rRNA
ITS1 locus of Cystoisospora from 10-100
oocysts.

Figure. 1. Gel electrophoresis of the partial
region of ITS1 rRNA locus of C. feliswith
an expected band of 225 bp (Lanes AO0l-
Al10).M: DNA ladder (Safe-Green 100bp
Opti-DNA Marker).The gel was 1.5% and
the DNA dye is RedSafe V: 90, Time: 45
min

Our data revealed that the overall prevalence
of Cystoisospora in cat’s faeces was 22%. Of
the 100 fecal samples included in the study,
26% (13/50) males and 18% (9/50) females
were shown to be infected, with no significant
difference(P>0.05) (Table 1).This percentage
is close to several studies around the world. In
a study in Greece, 189 out of 1150 cats were
found infected with this parasite with an
overall infection rate of 16.4% (35). Likewise,
in Canada, a group of researchers were sought
to study the faecal parasites in dogs and cats
and the prevalence of Cystoisospora was
14.7% (37). However, in several Iraqi studies,
the prevalence was 20.78% in the North of the
country (16), though, 6.92% of cats were
found infected in the South (4) and 6.6% in
the middle, in Baghdad city (7). Surprisingly,
the prevalence was as high as 80% in India
(11) and as low as 1% in Turkey (21) and this
variation may be attributed to the difference in
the people culture and governmental applied
hygienic measures in these countries. Usually
developed countries show low infection rate
compare to developing and poor countries due
to lack of hygiene and sanitation standards,
and socioeconomic conditions. Limited studies
were carried out on cat’s Cystoisospora in
European countries, where the infection rate in
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Austria, France, Hungary, Italy, Romania and
Spain was 4-8% only (10, 15). Cystoisosporais
more frequent in young ages than in adults,
where kittens show more susceptibility and
excrete oocysts as early as week three of age
(9). We noticed that the higher infection rate
was at the age group of < 6 months and the
lowest was at the age group of 6-12 months
(Table 2). Young kittens at the age group < 6
months exhibited the highest infection rate at
34.78%, while the lowest was 10% at the age
group of 6-12 months. Most of the studies
worldwide indicated that the age is an
important risk factor and influence the burden
of Cystoisospora and the age group of <12
months are the most vulnerable. The
prevalence in the European union ranged from
38% at the age group of < 6 months (10) and
64% at the age group 6-12 months (15).
Similar findings were reported from Egypt,
namely 32% of cats < 7 months were found
infected with one of Cystoisospora species (1).
However, the infection rates are, as low as
13% and 14% in Iraq (16), and still affecting
the age group < 6 months.The prevalence of
Cystoisospora parasite varies conferring with
the season and the geographical area. Where
the shirt-sleeve temperature (23-30C1C) and
moderate humidity are the optimal conditions
for the parasite development (12). In this
study, the burden of the parasites was at the
peak 34.78% (8/23) in November and the
bottom 6.66% (1/15) in March, with no
significance difference (P>0.05) (Table 3).
Our data are close to Tzannes et al. (35) and
Al-Taie and Al-Muhsin (7) where recorded the
highest infection rate in October-December.
However, some risk factors such as sex and
season are no longer included in the most
recent studies except in some studies from the
third-world countries such as Egypt, Iraq and
Iran.

Table 1. The infection rate of Cystoisospora
in accordance with sex

Sex No. of Positives Percentage
Samples %
Males 50 13 26
Females 50 9 18
Total 100 22 22

Table 2. The infection rate of Cystoisospora
in accordance with the age

Age No. of samples| Positives | Percentage %
<6M 23 8 34.78
6-12 M 50 5 10
>1Y 27 9 33.33

*P-VALUE 0.015 *CHI-SQUARE 8.407

Table 3. The infection rate of Cystoisospora
in accordance with the months of the study

Month No. of Positives Percentage

Samples %

November 23 8 34.78

December 17 4 23.52
January 20 2 10

February 7 2 28,57

March 15 1 6.66

April 18 5 27.77
Total 100 22 22

Cystoisospora  species can be easily
differentiated based on morphology, where C.
felis oocyst is large in size measures 42-43 X
31-33 pm and C. rivolta is medium size, 25.4
X 23.4 um in diameter (13). In our study,
microscopical analysis between C. felis and C.
rivolta and the infection rate with the former
was revealed higher than recognised only in 4
samples out of 120 (data not shown).
Therefore, these four C. rivolta samples might
not have been selected in the random 100 PCR
samples out of 120 total samples. Database
search sequence alignment (Figure 2) and
phylogenetic tree (Figure 3) revealed that our
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isolates are highly similar with the Australian
C. felis isolate (EU124689.1),Chinese isolates
were submitted to the GenBank and were

given  following  accession  numbers;
C.felis_lIragl_ITS1 (0Q681974),
C.felis_lIrag2_ITS1 (0Q681975),
C.felis_Irag3_ITS1 (0Q681976),

C.felis_Irag4_ITS1 (0OQ681977).

Figure 2. Multiple sequence alignment of C.
felis lIraqi isolates, aligned against the
sequence of C. felis from Australia and
China obtained from the GenBank. Each
colour represents type of nucleotide,
changes in the nucleotides are marked as
uncoloured, dashed (-) were created during
alignment process. Sequence created by
SnapGen

ARACETCTAACCTTCTTECTACTE

Consensus TITTGITTTTC - -C6TT GTBACC--TCTGTA, TCGCTET ACTT
C. Fells Ireql --CACGBGAAGTGTTTTGTTTTIC- - -COTTGCEGCAACTACCTCEE - GTGACC--TCTGTAAGGECATTCGETETTGCCCETELTACTT
C. el Ireq2 --CACEBGAAGTGTTTTGTTTTTC- - -COTTGCOGCAACTACCTCEE - GTBACC-~TCTGTAAGGBCATTCGCTBTTGCCCETECTACTT
C. Fels Ireq3 --CACEBGANGTOTTITGTTTTTC- - -COTTGCEGCAACTACCTCEG- 6TGACC--TCTETAAGEGCATTCAETGTTGLCCETECTACTT
C.Fels Ireqt --GACBBEAACTGTTITETTTTTC- - -COTTGCAECAACTACCTCE- BTGACC--TCTGTAAGBBLATTCRETGTTGLCCRTRCTACTT

--CACBBEAABTGTTTTGTTTTTC- - -CATTGCAGCANCTACCTCBE - GTBACC-- TCT6TAABGECATTCGCTGTTGCCCBTELTACTT
--ACGRBAMMGTGTTITGTTTTTC- - -CGTTRCAGCAACTACCTCRE- GTBACC--TCTGTAAGBGCATTCLTGTTGLCCRTELTACTT
--ACGRBAMMGTGTTTTGTTTTTC- - -COTGRCEGCAACTACCTCRE - BTBACC--TCTGTAAGEBLATTCRLTGTTGLCCETRCTACTT

(TR, WG

EU124689.1 C. fells Austrelia
OMB70385.1 Cyp. Australia
MK430064.1 C, fels China

Consensus. CCTCCA T ATETEGATTTCATCCGTTTCTCCTATE
C. Fells Ireql CCTCCA- - CATGGABCACTTTTCCACCBACCTACCCAARANGGECTB- - - - GAGCATAATGEATGTBBATTTCATCCGTTTCTCCTATC
C. Fels Ireq2 CCTCCA- - CATGGAGCACTTTTCCACCEBACCTACCCAARARGERCTE- - - - GAGCATAATGGATGTGBATTTCATCCTTTCTCCTATE
C.Fells Ireg3 CCTCCA- - CATGGABCACTTTTCCACCEOACCTACCCAARARGERCTE- - - - GAGCATAATGGATGTGBATTTCATCCTTTCTCCTATE
C. Fells Ireqd CCTCCA- - CATGGAGCACTTTTCCACCEEACCTACC CAARRAGGECTE- - - - CAGCATAATGGATETGEATTTCATCCGTTTCTCCTATE

GAGCATARTGEATGTGBATTTCATCCGTTTCTCCTATL
GAGCATARTGCATGTGCATTTCATCCATTTCTCCTATE
GAGCATARTGGATETGGATTTCATCCATTTCTCCTATE

EU124688.1 C. fels Austrelia CCTCCA- - CATGGAGCACTTTTCCACCEBBACCTACCCAARAAGGECT G- - - -
OMBI0389 1 Cy.p. Auswralia CLTCCA- - CATGGAGCACTTTTCCACCEGACCTACCCARRARGERCTE- - - -
M43006¢4.1C. fels China CCTCCA- - CETGOAGCACTTTTCCACCEACETACCLA - AAAGEECTE- - --

Report from around the world revealed that C.
felis is more dominant than C. rivolta such as
in China (39), Egypt (1) and Iran (23) and
other European countries (10). However, only
one study in Portugal by (37) reported high

infection rate with C. rivolta. In brief,
although, cats in Iraq are infected with
different  gastrointestinal  parasites, the

infection with Cystoisospora represents is the
most common comparing to other parasites.
Our findings indicated that Iraq recorded the
lowest infection rate among other countries,
which might indicate the owners are well-
educated and has high level of awareness
about the risk of cat’s parasites and cats are

highly likely to receive veterinary care
compare to other animals.

Figure 3. Phylogenetic relationships
between Cystoisospora felis lraqi isolates
and C. felis from Australia and China,
inferred by neighbour-joining test of rRNA
ITS1 locus. Bootstrap values of 500 isolates
for neighbour-joining analysis are disclosed

o C. Felis Iraq1 ITS10Q681974
55<|:[ C. Felis Iraq2 ITS1 0Q881975
C. Felis Iraq4 ITS1 0Q681977

C. Felis Irag3 ITS10Q681976

MK430064.1 C. felis China

EU124689.1 C. felis Australia

OMB870389.1 Cystoisospora sp. Australia
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