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ABSTRACT

The current study was conducted between the beginning of October 2022 and the end of March 2023 to
identify the prevalence of Cryptosporidium parivum infection among children under five years using micro-
scopic and molecular methods. The study recorded 43(37.71%) infected children diagnosed using the Modi-
fied Zeihl Neelsen Stain and Gimsa stain. On the other hand, a molecular examination of stool samples using
PCR showed that 25(21.92%) children out of 115 collected stool samples were infected with this parasite.
DNA Sequencing was performed for specimens diagnosed with Cryptosporidium parasite, and the new iso-
lates were registered for the first time in Nineveh governorate in NCBI under the accession number 757376.

Keywords: Cryptosporidium disease, Genetic map.

INTRODUCTION

Cryptosporidium is a single-cell protozoa parasite and is a Eukaryotic belonging to the phylum Apicom-
plexa' and includes the full development of Cryptosporidium on asexual reproduction and Gametogenesis and
forms an oocyst containing four Sporozoites, that occurs within the same host 2 and is the leading cause of
Cryptosporidiosis which affects the digestive and respiratory tract of types of hosts , including humans ** as
well as the cause of watery or lipophilic diarrhoea with colic >® which affects the digestive and respiratory
tract of the kinds of hosts , including humans 7 as well as the cause of watery or lipophilic diarrhoea with colic,
Intestinal parasite infections such as Cryptosporidium parasites are among the most critical problems experi-
enced by humanity, causing diarrhea in children and the elderly, and sometimes the infection is particularly
severe in people with weak immunity *%!°, Since individuals who are immune competent , the parasite will
live for a short time because Cell-mediated immunity and Humoral immunity is able to resist infection'! and
most individuals who have immune efficiency do not show symptoms of disease Asymptomatic carrier, 2.
The risk is in people who have weak immunity, such as infants as well as malnourished people infected with
AIDS as well as those taking Immunosuppressive Therapy. These cases are prone to chronic infections with
Cryptosporidium And prone to dehydration and malabsorption 3. more than half of all diseases are water-
borne '* starting with exposure to oocysts, which have the potential to survive prolonged periods in the envi-
ronment because they are resistant to known household disinfectants and can travel through physical water
treatment processes *1°.
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Collection of Stool Samples

Stool samples were collected from patients (children), male and female, who reviewed the Ibn Al-Atheer
Children's Hospital in Nineveh governorate and laboratory tests for parasite detection were carried out, 114
samples were collected with a size of 15-20 g and placed in sterile plastic packages with a tight cover to
maintain moisture and prevent the sample from drying out as well as the patient's name, age, gender and
address were recorded and transferred to the research laboratory (Parasite Laboratory) at the Faculty of Ed-
ucation for Girls (University of Mosul) after which the samples were examined in kind by observing (color,
texture, smell of feces, presence and absence of blood and mucus) Then go for microscopic examination in
the modified Ziehl-Neelson and Giemsa stain methods to confirm the presence of the parasite. The remainder
of the sample is performed using the flotation method to obtain the egg cysts and is placed in sterile tubes. It
was stored in a potassium bichromate solution with a 2.5% concentration added to each ml of the feces sample
and 1 ml of the solution. The samples were kept in the refrigerator at 4 © C until the DNA parasites were
isolated and the PCR chain polymerization reaction examined '°.

MATERIALS AND METHODS

Microscopic examination:

The staining method by modified Ziehl-Neelson according to Henrisken and Pohlenz, Khudhair %17
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blue for 5
minutes

1-bring the
faeces sample

7-Wash the slide
with tap water

8-test the slide
by optical
microscope

2- make thin 5-Wash the slide

swab with tap water
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ethyl alcohol and foxin for 10
then dry minutes

9-Diagnosis of
oocysts

Figure 1. The staining method by modified Ziehl-Neelson stain

After the procedure of staining operation by modified Ziehl-Neelson MZN and Diagnosis of oocysts, the

remainder of the stool sample Enters a Phase Flotation by Sheather's Sugar Solution according to method
18

Molecular examination

Extracting DNA from Cryptosporidium spp parasite
Instructions from Geneaid company directed the Assay Procedure to extract DNA installed on the Kit.
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Preparation of Agarose Gel and Electrophoresis of DNA

The Agarose gel is prepared at a concentration of 1% to deploy and detect DNA. This concentration is
dissolved by 0.5 g of Acarose powder in (50) ml of X1 TBE, and the addition of 3 microliters of red safe dye
is done using a hot plate magnetic stirrer until boiling and left to cool to a temperature of (60-50)C. The gel
solution is poured into the tray with the electrophoresis device after the special comb is installed to form Wells
drilling at the gel's limbs, considering that the casting is quiet to avoid forming bubbles. If included, it is
removed using the absorbent, and then the gel is left until hardened.

Then, the tray is placed in the electrophoresis device basin containing an appropriate amount of X1 TBE
solution, after which the comb is quietly lifted. Relay samples are prepared by mixing (5) microliters of DNA
sample with (3) microliters of loading solution. The electrophoresis device is powered by an Electric Current
supply with a voltage difference (5) V/cm, which takes (2-1.5) hours. Then, the gel is filmed under ultraviolet
light using the Gel Imaging Device Gel Documentation to see the DNA packages and the PCR reaction
product.

The PCR reaction

The DNA concentration in all study samples was adjusted by mitigation by a TE buffer solution to obtain the
required concentration for PCR interactions, which was (100) ng/microliters per sample. The Master Reaction
mixture is prepared for each PCR reaction by blending the DNA sample and the unique prefix for each gene
with the Pre-mix components within the 0.2 ml Eppendorf tube equipped by Biolaps English company. The
reaction volume has been stabilized to 20 microliters with distilled water. The combination is discarded in the
Microfuge for between (5-3) seconds to ensure that the interaction components are blended. Then, the reaction
tubes are introduced into the Thermocycler to conduct the multiplier reaction using the particular program of
each response. The sample was then loaded into Etch the agarose gel at 2% concentration with the addition of
the Ladder DNA volume guide equipped by Biolaps in one etch. The samples are then relayed by running the
electrophoresis device for between 70 and 60 minutes, after which the gel is filmed using the gel
documentation device.

Molecular diagnosis of Cryptosporidium spp parasite based on 18S rDNA region

The presence of the enlarged area has been revealed with the addition of 4 microliters (100 nanograms) of
DNA template and 1 microliter (10 picomol) from each unique prefix in the gene to the contents of the Master
mix.

Primer Sequence
Forward 5" - TGGCACCAGAATCAGCTGAA -3
Reverse 5" - GACAGGTTGAGTTGGAGCAGA -3°

Table 1. The prefixes used to amplify the COWP gene to Cryptosporidium parasite.

Then, the reaction tubes were inserted into the Thermocycler device to perform the multiplier reaction using
the particular response program.
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No. Stage Temperature Time Cycle Number
1 Initial denaturation 95 6 min. 1
2 Denaturation 95 1.30 min 35
3 Annealing 60 1.30 min 35
4 Extension 72 2 min. 35
5 Final extension 72 5 min. 1

Table 2. Shows the special program of polymerase chain reaction used in the current study.

The sequence of nitrogen bases for the samples under study was determined as the products of the pre-
mentioned PCR reaction of the samples were sent with the special prefixes in the resulting beam. The sequence
was read for the genes based on the 3130 Genetic Analyzer device equipped by the Japanese company Hitachi.

- e MK033076.1 Cryptesparidium hominis isolate W23 oocyst wall protein (COWP) gene partial cds

0,000 Lo MK33075.1 Cryptosparidium hominis isolate W22 oocyst wall prolein (COWP) gene partial cds

0.0m L 000 \039077.1 Cryplosparidium hominis isclale W24 cocyst wall prlein (COWP) gene partl cds

(.00 0.000

MEK{33079. 1 Cryptosperidium hominis isolate W26 oocyst wall protein (COWP) gene partial cds

0.002 0.000

MK033082. 1 Cryptosparidium hominis isolate \W29 oocyst wall prolein (COWP) gene partial cds

10268 b0 KIB65875.1 Cryplosposdium homiris isclale BO332 COWP prolein gene partal cds

W52 e MK033078.1 Cryptosparidium hominis isclate W25 oocyst wall prolein (COWP) gene partial cds

e LCT57376.1 Cryplosposdium hominis HFH COWP gene for cocyst wal protein partial cds

.66 L. CP0B2118.1 Cryptosporidium panum chromosome 2

T MN70513.1 Cryptosparidium hominis oocys! wall protein (COWP) gene partial cds

Figure 2. The evolutionary tree and the relationship between local isolates and global isolates

Gene sequences were matched with gene sequences documented at the National Center for Biotechnology
Information NCBI, and the results were analyzed based on the BLAST program.

RESULTS AND DISCUSSION

Microscopy
The result of microscopic examination of the 114 stool samples in the city of Mosul. There were 43 children

with Cryptosporidium disease (37.71%), according to the microscopic examination of modified Diehl-Neelson
stain MZN, as well as Flotation operation with Sheather's Sugar Solution was the infection (31.57%).
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The results of the current study Also show a difference in the rates of infection between the ages of 5 months
and 5 years, when the highest incidence is recorded(3-4 years). The lowest proportion was in the age group (5
months/year), which agreed with a study by Hussein 19. The age factor plays a role in the spread of the parasite
because children's immune system is incomplete. They are constantly exposed to contamination, both food
contaminants and even other environmental contaminants, due to frequent movement and mixing with other
children and possibly contact with stored animals and carriers of parasites, as well as the residential area in
which they are located, Especially if animal husbandry abounds is a source of infection in addition to lack of
hygiene and health awareness 2°.

The discrepancy also appeared in the infection rates according to sex in children, as the percentage of males
(72.09%) infected with females (30.23%). Many studies have confirmed, such as a study, that there is no
relationship between sex and the rate of infection with the Cryptosporidium parasite. Still, the reason may be
due to the type of food Or males eating exposed foods contaminated with oocysts in public places because
they are in contact with external environment conditions that play a role in parasite transmission and infection,
as well as smoking with break and lack of attention to personal hygiene all increase the chance of infection
with Cryptosporidium more than females .

The highest incidence of infections among children was found in November (37.2%), and the lowest rate of
infections (2.32%) in February. This matched the study of Abbas & Resan 22, which recorded the highest
infection in winter. The reason was the rain that drifts the soil contaminated with parasite oocysts into the stool
of animals and mixes with water sources such as rivers and streams, causing the Cryptosporidium disease.
The results indicated that the Cryptosporidium parasite was more prevalent in rural areas (67.44%) and less
in urban areas (32.55%). This study came in agreement with several studies of which Mohanad %* and Al-
Kubaaisy 2%, For many reasons, including the low level of health and cultural awareness due to the lack of
schools and hospitals, and the use of river water for drinking, cooking and swimming, and raising and touching
animals and fertilizing crops increased.

Molecular examination

Results emerged from one package (single band) in the Agarose gel with a molecular size of 650bp in DNA
extracted from samples of individuals with Cryptosporidium. It is considered a reference to the patient's
infection. The current study showed that the infection with the Cryptosporidium parasite was (21.92%) close
to the study of Abdul-Sada %, Tahvilder & Salehi 2 and Gawad et al. 27 as (24.3%) (20.8%) (21.0%),
respectively.

Genetic isolates were compared with other Cryptosporidium parvum by finding the genetic tree. A new type
of Genotype of Cryptosporidium parvum was recorded in Nineveh governorate and registered in the NCBI
genetic Bank with the researchers' names. DNA sequencing of 10 samples chosen from Polymerase chain
reaction products was analyzed from an original sample 25 which showed a positive result for the target area
of the DNA of the products with the primary sequence of the DNA of the parasite Cryptosporidium reference
gene published in the Nitrogen base Database of the GenBank website using BLAST Program of The National
Center For Biotechnology Information (NCBI) The rate of matching was high with the isolation recorded in
the America, while the rate of matching was lower with other isolations registered and the ratio of match
ranged from 83% _ 88% Results show that the local isolation that recorded at the Gene Bank in sequence
(757376) has a high convergence rate with the American isolation that sequence (082118) of about 88% This
shows the origin of an evolutionary development associated with these isolations despite the geographical
location of the parasite isolation zones of the two similar strains, but studies have confirmed that travel and
movement between countries have played a role in the development and transmission of isolations by infected
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people to many different countries, especially in recent times, He stated 2® that Cryptosporidium has become
an epidemiological disease and called Traveller Diarrhea (TD), because it is transmitted among travelers
through public health facilities at the world's airports, where the parasite was found this way by 20 60% in
North America and Europe. The strain's emergence could be due to its transmission during the United States
military's presence in Mosul after the events of 2003.

CONCLUSIONS

In conclusion, the microscopic examination of stool samples in Mosul revealed a high prevalence of
Cryptosporidium infection among children, with the highest incidence occurring in the age group of 3-4 years.
The infection rates were higher in males than females, and the highest incidence of infections was observed in
November. Additionally, the study found that the Cryptosporidium parasite was more prevalent in rural areas,
and a new genotype of Cryptosporidium parvum was recorded in Nineveh governorate. The genetic analysis
showed a high convergence rate with American isolates, suggesting the possibility of transmission through
travel and movement between countries.
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