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ABSTRACT

Background: Cryptosporidium species are widespread protozoa and are considered an important cause of diarrhea
in humans and animals. Aim: The aim of this study was to identify the occurrence of Cryptosporidium parvum in
diarrheic sheep and goats from the rural areas of the Al-Muthanna Province, southern Irag, based on molecular
screening using PCR. The outcomes would help in determining the distribution of C. parvum in sheep and goats in
the area, as well as the risk factors for the infection. Methodology: Sixty fecal samples were collected from clinically
ill sheep and goats. The samples were submitted to PCR and sequencing that targeted the 18S rRNA gene in the
protozoan. Results: The PCR revealed a 60% (18 samples) and 76.67% (23 samples) positive identification of C.
parvum in sheep and goats, respectively. The sequencing demonstrated nucleotide similarities with isolates deriving
from Iraq (MG878399.1) and India (JN836324.1) for the sheep isolates, and with isolates deriving from South Korea
(DQ054819.1) and the USA (AF159112.1) for the goat isolates. Conclusion: C. parvum is the dominant species in the
sheep and goats of Al-Muthanna Province, in southern Irag. Moreover, the phylogenetic analysis demonstrates that
the current study’s isolates may share the same ancestor with local and global isolates.
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Cryptosporidium species are widespread protozoa
and are considered an important cause of diarrhea
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and phylum apicomplexa [1-5]. The most important
zoonotic species responsible are C. parvum, C.

hominis, and C. canis. Non-zoonotic pathogenic
= species of Cryptosporidium include C. meleagridis,

C. felis, C. bailey, and C. muris. The oocyst shape,

Copyright: © 2024 by the authors. size, and host species are the most important things
Licensee PHARMAKON-Press, Athens, Greece. that differentiate the Cryptosporidium species [6,7].

The outer shell of the Cryptosporidium allows
it to live outside the body for long periods of time.
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Over the last two decades, Cryptosporidium has
been found in public swimming pools and water
playgrounds. Several outbreaks of Cryptosporidium
have been linked to public waterparks. Once a wa-
terpark or pool is contaminated, the Cryptosporidium
is difficult to kill, and it may take a few days before
a facility can be safe to use. A chlorine-resistant
parasite, Cryptosporidium can live for more than
10 days in properly-treated recycled water. An
average of 15 poop particles has 1,000,000
Cryptosporidium parasites. Health departments
check swimming pools and water playgrounds for
all pathogens, including Cryptosporidium, as part
of their routine inspection program. Pool water is
tested for proper pH and chlorine levels, and
Cryptosporidium should never be present in
properly-chlorinated drinking water [8].

Cryptosporidium can spread in several differ-
ent ways, including through changing the diapers
of an infected individual or drinking contaminated
water. Recently, several multi-state outbreaks of
cryptosporidiosis have been associated with con-
tact with livestock. Outbreaks have been linked to
dirt, fences, and gates within animal habitats,
suggesting that the Cryptosporidium can spread
when people touch these surfaces [9,10]. People
are at increased risk for becoming infected with
Cryptosporidium if they have frequent exposure
to animals, such as visitors to petting zoos and
owners of show animals. As a result, the United
States are now working in order to improve the
prevention strategies in place for Cryptosporidium
in animals, including those on farms, at petting
zoos, and during human / animal exhibitions [11].
C. parvum infects the intestinal tract of ruminant
mammals, such as cattle, sheep, and goats [1-
7,9,10,12].

The aim of this study was to identify the occur-
rence of C. parvum in diarrheic sheep and goats
from the rural areas of the Al-Muthanna Province,
southern Iraq, based on molecular screening and
by using PCR.

2. METHODOLOGY

2.1. Samples

The study was undertaken by collecting 60 fecal
samples from the rectum of clinically ill sheep and
goats in the Al-Muthanna rural areas. The clinical
signs sought after were abdominal pain, severe
diarrhea, and depression. The study lasted from
November 2023 to February 2024. The samples
were processed at the Laboratory of Parasitology
of the College of Veterinary Medicine of Al-Qasim
Green University.

Rcpp =,
2.2. Molecular technigues and DNA extraction

The extraction was performed using 100 mg as a
starting fecal material for each sample, and by em-
ploying the Qiagen kit and according to the instruc-
tions of the kit. The DNA was quantity- and quality-
measured by a NanoDrop spectrophotometer.

2.3. PCR detection of the 18S rRNA gene

The gene of the small subunit of ribosomal RNA
(SSU rRNA) and the 18S rRNA gene region are
the most suitable loci for nested PCR
amplification and other molecular diagnostic
tools; the reason is because they are conserved
sufficiently so as to allow the primers to detect
nearly all Cryptosporidium spp. and their
genotypes from most mammalian hosts.

A gradient PCR was performed on all isolates
so as to confirm the species by detecting C. parvum.
The PCR samples’ preparation involved adding 1.5
pL of 10-pmol of the forward and reverse primers
(F: AGTGACAAGAAATAACAATACAGG and R:
CCTGCTTTAAGCACTCTAATTTTC) at 295-bp
(KX151739.1), 5 pg of genomic DNA, 12.5 pL of
Master Mix, and a nuclease free water for a 25-uL
total volume. The PCR program was set with 95°C
for 5 min, 35 cycles of 94°C for 30 sec, 50°C for 30
sec, 72°C for 45 sec, and a final extension at 72°C
for 7 min, with a final hold at 4°C. The PCR products
were transferred to a 1.5% agarose gel for electro-
phoresis. The electrophoresis was carried for 60
min, at 80 V. The DNA bands were stained with eth-
idium bromide, and the sizes of the 18S rRNA gene
was evaluated by comparing against a 1,500-bp
DNA ladder.

A purified 18S rRNA PCR product amount of
40 pL was prepared and sent to Macrogen Inc.
(Korea) for partial sequencing. The 18S rRNA
PCR gene product with genome sequences of C.
parvum was identified using the NCBI BLAST en-
gine. The obtained sequence data were analyzed
by using biological evolutionary algorithms so as
to construct a dendrogram generated by the
MEGA X software, and to evaluate the genetic
distances of the subject strains compared to
other global strains.

3. RESULTS

The PCR amplified the gene in the samples of the
feces obtained from sheep and goats (Figure 1),
and revealed a 60% (18 samples) and 76.67%
(23 samples) positive identification of C. parvum
in sheep and goats, respectively. The sequencing
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demonstrated nucleotide similarities with isolates
deriving from lIrag (MG878399.1) and India

(JN836324.1) for the sheep isolates (Figure 2),

and with isolates deriving from South Korea
(DQ054819.1) and the USA (AF159112.1) for the
goat isolates (Figure 3).

Figure 1. Representative image of the agarose gel electrophoresis of the 18S rRNA gene of the of C. parvum isolated from
the fecal samples of sheep and goats. Bands represent positive samples.

4. DISCUSSION

Cryptosporidium species infecting sheep and goats
have previously been studied in various countries,
including China, Spain, Poland, Portugal, Turkey,
India, Jordan, and Egypt. Compared to other host
animals, fewer studies have been conducted in
small ruminants in recent years, and there are no
nationwide data about the Cryptosporidium
prevalence in sheep or goats in Iraq. As such, the
present study was conducted in order to evaluate
the prevalence and genetic diversity of
Cryptosporidium in small ruminants in the Al-
Muthanna Province, by using PCR and Sanger
sequencing of the 18S rRNA gene. Sheep and goats
are hosts for C. parvum, C. ubiquitum, and C. xiaoi,
and they can be possible reservoirs for human
cryptosporidiosis. Surveillance on cryptosporidiosis
is necessary as it causes public health problems
and severe economic loss to farmers in the Al-
Muthanna  Province. The  prevalence  of
Cryptosporidium was 60% for clinically-ill sheep and
76.67% for goats.

Parasites of the genus Cryptosporidium cause
diarrhea and severe dehydration, and can cause
weight loss in livestock and humans. Bad animal
management, poor sanitation, and the consump-
tion of raw water, especially for rural residents, may
contribute to the severity of the disease as well as
its spread [12]. High seroprevalences of
cryptosporidiosis were observed in the current
study, raising concern particularly about the
potential zoonotic risk factors of sheep and goats

in some rural provinces in this country. The
prevalence and diversity of Cryptosporidium species
differ among different countries and regions [3]. This
might be due to geographic, host, and source
differences among regions. As lengthy clinical
courses, clinic-microbiological  diversity, high
morbidity rates, and potential pandemic risks for
human cryptosporidiosis have been attracting
attention continually, the isolation and identification
of what is the causative species is now vital for the
timely diagnosis of human cryptosporidiosis, its
therapy, and the prevention of outbreaks.

Previous studies have revealed prevalence
rates in sheep and goats that range from 0.1% to
64.2%. This wide range highlights the need for more
research in this area so as to better understand and
manage Cryptosporidium infections in these
animals [13]. It has also been found that certain
strains of Cryptosporidium were more prevalent in
sheep than in goats, thereby indicating potential
species-specific differences in susceptibility [14-16].
Moreover, the phylogenetic analysis undertaken in
our study demonstrates that the herein reported
isolates may share the same ancestor with local and
global isolates.

5. CONCLUSION

Our study reveals that C. parvum is the dominant
species in clinically-ill sheep and goats of the Al-
Muthanna Province, southern Irag. The phylogenetic
analysis undertaken in our study demonstrates that
the reported isolates may share the same ancestor
with local and global isolates.
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4 Cryptosporidium parvum isolate NAX Sheept small subunit ribosomal RNA gene partial sequence
Cryptosporidium parvum isolate NAX Sheep2 small subunit ribosomal RKA gene partial sequence
99% 100% Cryptosporidium parvum isolate NAX Sheep3 subunit ribosomal RNA gene partial sequence

MG8T8399.1 Cryptosporidium parvum isolate Sadyla small subunit ribosomal RHA gene partial sequence
100% 100% == 100% JNB38324.1 Cryplosporidium parvum Isolate Lzatnagar small subunit ribosomal RNA gene partial sequence
EF611871.1 Cryptosporidium parvum isolate Lzatnagar 185 small subunit ribosomal RNA gene partial sequence
KIM41143.4 Cryptosporidium parvum small subunit ribosomal RA gene partial sequence

KMO85018.1 Cryptosporidium parvum Isolate UKP2 185 small subunit ribosomal RNA gene partial sequence

KFO08175.1 Cryptosporidium parvum Isolate TrkonCpart0 185 small subunit ribosomal RNA gene partial sequence
] 80% EUM79541.1 Cryplosporidium parvum small subunit ribosomal RKA gene partial sequence
KXB4499).1 Cryptosporidium parvum Isolate 26 small subunit ribosomal RKA gene partial sequence

100% DQOS4818.1 Cryptosporidium parvum from bovine small subunit ribosomal RNA gene partial sequence

AF159111.1 Cry ridium parvum isolste HCTXS small subunit RNA gene partial

9% HQ259571.1 Cryptosporidium parvum isolate C21 185 small subunit ribosomal RNA gene partial sequence

DQOS4819.1 Cryptosporidium parvum from ovine amall subunit ribosomal RNA gene partial sequence

AF159112.1 Cryptosporidium parvum isolate X2 small subunit ribosomal RNA gene partial sequence

KX943424.2 Cryplosporidium parvum Isolate QHI615 small subunit ribosomal RRA gene partial sequence
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Figure 2. Phylogenetic analysis of the 18S rRNA gene of C. parvum isolated from the fecal samples of sheep.



MOLECULAR DETECTION OF CRYPTOSPORIDIUM PARVUM IN SHEEP AND GOATS IN RURAL AREAS... 315
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Figure 3. Phylogenetic analysis of the 18S rRNA gene of C. parvum isolated from the fecal samples of goats.
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