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INTRODUCTION

Cryptosporidium species are obligate intracellular (ex-
tracytoplasmic), single-celled, apicomplexan parasites 

that infect both people and animals’ respiratory and/or 

gastrointestinal systems. It is an important parasite, causes 
mild to severe profuse watery diarrhea in a wide variety of 
animals and humans (Checkley et al., 2015; Efstratiou et 
al., 2017). Cryptosporidiosis is a common zoonotic (Am-
phixenosis) disease, caused by the enteric pathogenic para-
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identification and phylogenetic analysis in understanding the transmission dynamics of these species; further research 
is recommended to explore the potential public health implications of these findings. 
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site Cryptosporidium spp., widespread in humans and wide 
variety of animals, and recognized as one of the primary 
causes of diarrhea in newborn calves, which causes weight 
loss, growth retardation, and in extreme cases, illness and 
death, resulting in significant financial losses (Xiao, 2010; 
Striepen, 2013; Ryan et al., 2014). Direct or indirect contact 
with an infected host can result in the transfer of Crypto-
sporidium oocysts, typically through the fecal oral pathway.  
Faecal-oral transmission is known to occur through per-
son-to-person contact, zoonosis, and the ingestion of taint-
ed food or drink (Ahmed and Karanis, 2020; Garcia, 2023). 
The epidemiology of cryptosporidiosis in cattle and human 
is not completely understood especially in the developing 
countries. C. parvum is most common species of zoonotic 
importance that identified in cattle, while several outbreaks 
of C. parvum in people have been associated with infected 
calves in United Kingdom, United States, Ireland, Germa-
ny, Belgium, Malaysia, Spain, Czech Republic, Japan, and 
Iran (Gait et al., 2008; Silverla et al., 2010). Contact with 
infected cattle has been found to be a major risk factor 
for the zoonotic transmission of C. parvum in youngsters 
and immunocompromised patients in Africa, particularly 
in Egypt and Ethiopia (Adamu et al., 2014). Numerous 
factors, including age, cleanliness, colostrum feeding, man-
agement techniques, feed and water sources, diarrhea, and 
climate, have an impact on the occurrence of cryptosporid-
iosis (Ogendo et al., 2017). Globally, prevalence data have 
confirmed the presence of cryptosporidiosis in cattle, with 
neonatal calves most frequently exhibiting the zoonotic C. 
parvum and adult cattle primarily exhibiting C. anderso-
ni (Silverla et al., 2010; Ryan et al., 2014). According to 
the findings, calves younger than one month had a high-
er infection rate (25%) but calves two months and three 
months old had lower infection rates (10% and 12%, re-
spectively). The aim of this study was to use a nested PCR 
molecular approach to detect Cryptosporidium infection in 
cows and handlers and to investigate the genotyping of 
Cryptosporidium species through sequencing.

MATERIALS AND METHODS

Ethical Approval
The Committee of Animal Ethics, Research of Scientif-
ic Deanship, College of Medicine, Ibn Sina University of 
Medical and Pharmaceutical Sciences, approved the ex-
perimental procedures of this study.

Samples Collection
Between September and November 2024, fecal samples 
(5–10 grams) were collected from 100 cows of various 
ages and sexes (male and female) from various parts of the 
province of Baghdad. Fecal samples were taken straight 
from the rectum or right after defecation and placed in 
a sterile plastic container. They were then securely sealed 

and labeled with the following information: age, sex, date 
of sampling, and sequential numbers. Ibn Sina University 
of Medical and Pharmaceutical Sciences’ Department of 
Microbiology, College of Medicine, received the samples 
in a cold box.

Primers
The study used nested PCR primers from the NCBI-Gen-
bank database to detect small subunit ribosomal RNA 
genes based on Cryptosporidium spp. Macrogen Company 
in Korea supplied these primers (Table 1). 

Table 1: Nested PCR primers that used for detection of 
Cryptosporidium spp.
Primers Sequence 5'-3' Am-

plicon
Company/
Country

18SrRNA 
gene
Cryptosporidi-
um spp. PCR

F AGACGGTAGGG-
TATTGGCCT

616bp Macrogen/ 
Korea

R TCCTTGG-
CAAATGCTTTCGC

Cryptosporid-
ium spp. 
nCR18SrR-
NA gene

nF AACGGGAATTAG-
GGTTCGA

567bp

nR TGCTTTCGCATT-
AGTTTGTCTT

Molecular Detection of Cryptosporidium by 
Nested PCR (PCR)
One hundred humans stool samples and one hundred cows’ 
fecal samples were randomly selected for nPCR diagnosis. 
The nPCR technique was performed for detection Crypto-
sporidium spp. based 18S ribosomal rRNA gene from hu-
man and cow fecal samples. This method was carried out 
according to method described by Yu et al. (2009), Ruecker 
et al. (2013).

Genomic DNA Extraction
Following the guidelines provided by the company, genom-
ic DNA was extracted from fecal samples using Geneaid 
Taiwan’s Presto™ Stool DNA Extraction Kit.

Table 2: Components for PCR reaction.
PCR Master mix Volume
DNA template 5-50ng 5µL
18SrRNA primary Forward primer (10pmol) 1 µL
18SrRNA primary Reverse primer (10pmol) 1 µL
Nuclease free water 13 µL
Total volume 20µL

PCR Reaction Preparation
AccuPower® PCR Premix was used to prepare the primary 
PCR master mix, which was completed in accordance with 
the company’s instructions (Table 2). The components of 
the PCR master mix were added to standard AccuPow-
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er® PCR Premix, which contained Taq DNA polymerase, 
dNTPs, Tris-HCl pH: 9.0, KCl, MgCl2, Stabilizer, and 
tracking dye. All of the PCR tubes were then placed in 
an Exispin vortex centrifuge and spun for three minutes 
at 3000 rpm. After that, it was put in a PCR thermocycler 
(BioRad USA, T100 Thermal cycler). The same conditions 
were used for the secondary PCR master mix.

PCR Thermocycler Conditions
The conditions for the PCR were set using a conventional 
thermocycler, as outlined in Table 3.

Table 3: Steps of PCR thermocycler system.
PCR step Temp. °C Time Cycles
Initial Denaturation 95 5min 1
Denaturation 95 30sec. 35 cycle
Annealing 58 30sec
Extension 72 30sec
Final extension 72 5min 1
Hold 4 Forever -

PCR Product Analysis
A 1.5% agarose gel was made by dissolving 1X TBE in a 
microwave at 100°C for one minute, then allowing it to 
cool to 50°C. The agarose gel solution was then treated 
with 3µ of ethidium bromide dye. After positioning the 
comb correctly, the agarose gel solution was put into the 
tray. The comb was then allowed to solidify for 15 min-
utes at room temperature before being carefully removed 
from the tray. Ten microliters of PCR product were added 
to each comb well, and five microliters of (100bp Ladder) 
were added to one well. The gel tray was filled with 1X 
TBE buffer and fixed in the electrophoresis chamber. After 
that, electric current was run for an hour at 100 volts and 
80 AM. UV transilluminators were used to visualize con-
vetional PCR products.

DNA Sequencing Method
Using an AB DNA sequencing system, ten PCR-positive 
samples from each human and cow were sequenced to 
identify Cryptosporidium species. These PCR small subunit 
ribosomal RNA gene-positive products were shipped by 
DHL in an ice bag to Macrogen Company in Korea. The 
c PCR technique was used to perform DNA sequencing 
for species typing of positive BLAST Cryptosporidium spp. 
isolates; the identified species isolates were then submit-
ted to NCBI-GenBank, and phylogenetic tree analysis 
was conducted between the local Cryptosporidium species 
isolates and the NCBI-Blast submission Cryptosporidium 
species; Molecular Evolutionary Genetics Analysis Ver-
sion X (MEGA X) was then used to perform the DNA 
sequencing analysis. The partial small subunit ribosomal 
RNA gene sequences were aligned multiple times using 

ClustalW alignment analysis, and the evolutionary dis-
tances were calculated using the Maximum Composite 
Likelihood Method by phylogenetic tree UPGMA meth-
od (Tamura et al., 2013).

Figure 1: Agarose gel electrophoresis image that 
showed the nPCR product analysis of 18S rRNA gene 
of Cryptosporidium spp. in cow fecal samples. Where M: 
marker (1500-100bp) and Lane (1-14) some positive 
Cryptosporidium spp. was showed at (567bp) nPCR 
product.

Figure 2: Agarose gel electrophoresis image that 
showed the nPCR product analysis of 18S rRNA gene 
of Cryptosporidium spp. in human stool samples. Where 
M: marker (1500-100bp) and Lane (1-13) some positive 
Cryptosporidium spp. was showed at (567bp) nPCR 
product.

RESULTS AND DISCUSSION 

The nPCR technique was used to amplify the Crypto-
sporidium spp. infection. According to the marker ladder, 
the product of the 18S rRNA gene of Cryptosporidium spp. 
in cow fecal samples should have been 567 bp nPCR in 
length. Out of 100 samples, 29% of the cows had an in-
fection (Figure 1). This result could not be compared to 
the findings of Benhouda et al. (2017), who found that 
the infection rate was 40% in young calves in Algeria and 
35.5% in calves that had diarrhea in Sudan (Taha et al., 
2017). According to Zhang et al. (2018), the incidence 
was greater than the 14.4% recorded from dairy farms in 
China’s Qinghai-Tibetan Plateau Area, 17.0% from cat-
tle tested in Poland (Rzezutka and Kaupke, 2013), and 
18.6% from cattle in Ethiopia (Manyazewal et al., 2018). 
However, the infection rate was lower than the 42.85% re-
corded in Iraqi calves in Kut city (Mohammed, 2016), the 
47.68% in Northeastern Chinese pre-weaned dairy calves 
(Zhang et al., 2013), and the 52.2% in Algerian neonatal 
calves (Ouakli et al., 2018). According to nPCR, 10% of 
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handlers in this study had cryptosporidiosis overall (Figure 
2). Direct contact with cattle, a non-sterile water supply, 
and a lack of focus on parasite investigations, particularly 
those involving waterborne parasites like Cryptosporidium 
spp. were the causes of this incidence. The results of Altaee 
et al. (2014), who found that the infection rate among ani-
mal handlers was 47.72% in various parts of Baghdad city 
and 39.76% among youngsters in the Al-Ressafa neigh-
borhood of Baghdad, were incomparable to this conclu-
sion (Saeed and Khair, 2014). However, the prevalence 
was lower than the 50% among children in Wasit province 
(Rahi and Raheem, 2013), the 72% infection prevalence 
among handlers in Wasit province reported by Makawi 
and Al-Zubaidi (2017), and the 59% infection rate among 
children under 5 years in areas with high dairy cattle den-
sities in New Zealand (Lal et al., 2016). 

Table 4: NCBI -BLAST Homology sequence identity 
between local Cryptosporidium spp. cow isolates with 
NCBI-BLAST Cryptosporidium spp. 
Local isolate Genbank 

accession 
number

NCBI-BLAST Homology Se-
quence identity
NCBI 
BLAST 
Cryptosporid-
ium sp

Accession 
number

Iden-
tity 
100%

IQ.Cow No.1 PQ460369 C. parvum MF074687.1 100%
IQ.Cow No.2 PQ460370 C. parvum MF074687.1 100%
IQ.Cow No.3 PQ460371 C. bovis KP334135.1 100%
IQ.Cow No.4 PQ460372 C. parvum MF074687.1 100%
IQ.Cow No.5 PQ460373 C. andersoni KJ531688.1 100%
IQ.Cow No.6 PQ460374 C. andersoni KJ531688.1 100%
IQ.Cow No.7 PQ460375 C. parvum MF074687.1 100%
IQ.Cow No.8 PQ460376 C. ryanae MK501765.1 100%
IQ.Cow No.9 PQ460377 C. andersoni KJ531688.1 100%
IQ.Cow No.10 PQ460378 C. parvum MF074687.1 100%

However, compared to the 14% recorded in Al-Diwan-
ia city for youngsters, the infection rate was lower (Abas, 
2011). 10.9% of children with diarrhea were reported in 
another study (Sadek, 2014); 8.35% of children who visited 
hospitals in the Mid-Euphrates Area were reported in an-
other study (Abdul-Sada, 2015); 16.28% of displaced peo-
ple in Kirkuk city were reported in another study (Salman 
et al., 2015); and 12.85% of children in Najaf province had 
persistent diarrhea (Tairsh et al., 2017). Hygiene systems, 
patient age and sex, sampling location (rural versus urban), 
environmental factors, sampling strategy and sample size, 
diagnostic methods used in various study locations, and 
direct contact with cattle could all be responsible for the 
discrepancies. Our findings are in line with those of other 
research. Only the density of dairy cattle was found to be 
significantly, positively linked with handlers’ risk of con-

tracting cryptosporidiosis in earlier research that includ-
ed sheep, poultry, pigs, deer, and dairy cattle (Lal, 2014). 
Given the high prevalences of C. parvum and C. andersoni 
during the rainy season, water may be the primary means 
of transmission for the genotypes of C. hominis, C. parvum, 
and C. andersoni (Zahedi et al., 2018).

Table 5: NCBI -BLAST Homology sequence identity 
between local Cryptosporidium spp. isolates from handlers 
with NCBI-BLAST Cryptosporidium spp. 
Local isolate Genbank 

accession 
number

NCBI-BLAST Homology 
Sequence identity
NCBI 
BLAST 
Crypto-
sporidium 
sp

Accession 
number

Iden-
tity 
100%

IQ.Human No.1 PQ460379 C. parvum MF074687.1 100%
IQ.Human No.2 PQ460380 C. parvum MF074687.1 100%
IQ.Human No.3 PQ460381 C. hominis MH885553.1 100%
IQ.Human No.4 PQ460382 C. parvum MF074687.1 100%
IQ.Human No.5 PQ460383 C. hominis MH885553.1 100%
IQ.Human No.6 PQ460384 C. hominis MH885553.1 100%
IQ.Human No.7 PQ460385 C. parvum MF074687.1 100%
IQ.Human No.8 PQ460386 C. parvum MK501765.1 100%
IQ.Human No.9 PQ460387 C. hominis MH885553.1 100%
IQ.HumanNo.10 PQ460388 C. parvum MF074687.1 100%

Sequencing and Phylogenetic Tree Analysis
Partial sequences of the 18S rRNA gene of isolates of 
Cryptosporidium spp. are identified using nPCR tech-
niques. In order to do a phylogenetic analysis of the sam-
ples and confirm the specificity, sequencing is crucial to 
the current investigation. Ten nPCR products in this study 
showed 100% similarity to the 18S rRNA gene sequences 
of Cryptosporidium spp. data in GenBank and in fecal cow 
samples. All of the sequences were submitted to NCBI, 
and BLAST was used to look for similar published se-
quences using their reference numbers in GenBank. Local 
isolates samples sent to Bioneer company/Korea for anal-
ysis and compare with the NCBI-Genbank data Based 
on available information. Ten nPCR results from local 
isolates of Cryptosporidium spp. cows and NCBI-BLAST 
Cryptosporidium spp. showed 100% sequence identity for 
the following cow species: C. parvum, C. bovis, C. anderso-
ni, and C. ryanae (Table 4). The sample also included the 
species C. parvum and C. hominis, for which the 10 nPCR 
results showed 100% similarity (Table 5). Phylogenetic 
tree UPGMA (MEGA X version) was used to calculate 
the evolutionary distances using the Maximum Composite 
Likelihood approach (Figure 3 and 4). The NCBI-Blast 
C. parvum isolate (MF074687.1) was shown to be closely 
related to the local Cryptosporidium spp. cow isolates No. 1, 
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2, 4, 7, and 10. At total genetic change (0.01-0.04%), the 
local Cryptosporidium spp. cow isolates of No. 5, 6, and 9 
were linked to the NCBI-Blast Cryptosporidium andersoni 
isolate (KJ531688.1), the local Cryptosporidium spp. cow 
isolates of No. 3 were linked to the NCBI-Blast Crypto-
sporidium bovis isolate (KP334135.1), and the local Cryp-
tosporidium spp. cow isolates of No. 8 were shown to be 
closed related to NCBI-Blast Cryptosporidium ryanae iso-
late (MK501765.1) (Figure 5). 

Figure 3: Multiple sequence alignment analysis of the 
partial 18 Small subunit rRNA gene sequence of local 
Cryptosporidium cow isolates and NCBI-Genbank 
Cryptosporidium spp. from different isolates based on 
ClustalW alignment analysis by using (MEGA X, multiple 
alignment analysis tool). The multiple alignment analysis 
similarity (*) and differences in 18 Small subunit rRNA 
gene nucleotide sequences.

Figure 4: Multiple sequence alignment analysis of the 
partial 18 Small subunit rRNA gene sequence of local 
Cryptosporidium human isolates and NCBI-Genbank 
Cryptosporidium spp. from different isolates based on 
ClustalW alignment analysis by using (MEGA X, multiple 
alignment analysis tool). The multiple alignment analysis 
similarity (*) and differences in 18 Small subunit rRNA 
gene nucleotide sequences.

Human isolates were used to analyze the genetic identity of 
Cryptosporidium species. The Maximum Composite Like-
lihood technique via phylogenetic tree UPGMA (MEGA 
X version) was used to calculate the evolutionary distances. 
Cryptosporidium species in the area. The NCBI-Blast C. 
parvum isolate (MF074687.1) and the local Cryptosporid-
ium spp. were shown to be closely related to the human 
isolates No. 1, 2, 4, 7, 8, and 10. At total genetic alteration 

(0.01-0.06%), human isolates No. 3, 5, 6, and 9 were shown 
to be closely related to NCBI-Blast Cryptosporidium homi-
nis isolate (MH885553.1) (Figure 6). 

Figure 5: Phylogenetic tree analysis based on the 
partial sequence 18 small subunit rRNA gene in local 
Cryptosporidium cow isolates that used for Cryptosporidium 
species genetic identification analysis. 

Figure 6: Phylogenetic tree analysis based on the 
partial sequence 18 small subunit rRNA gene in local 
Cryptosporidium isolates from handlers that used for 
Cryptosporidium species genetic identification analysis. 

Recently, the most used method for typing Cryptosporid-
ium isolates from various host and geographic sources is 
DNA sequencing (Xiao et al., 2000). The small subunit 
rRNA-based DNA sequencing used in this investigation 
was the same as that used in other earlier investigations 
(Xiao et al., 2004; Caccio et al., 2007; Fayer, 2010). The mo-
lecular study’s findings indicated that four major species 
of Cryptosporidium were present in cattle: C. parvum, C. 
andersoni, and C. bovis. These findings were consistent with 
those of Khan et al. (2010) in Indian cattle, Zhang et al. 
(2013) in calves in northeast China, Rzezutka and Kaupke 
(2013) in Poland, and Taha et al. (2017) in calves in Sudan. 
Three Cryptosporidium species C. bovis, C. ryanae and C. 
parvum—were found in young calves in Algeria by Ben-
houda et al. (2017). The use of PCR techniques to ampli-
fy particular DNA sequences has shown great promise in 
the development of highly sensitive and specific diagnostic 
assays. Because of the gene’s multi-copy nature and nest-
ed method, the polymerase chain reaction highlighted the 
sensitivity. Additional benefits of PCR include its capacity 
for batching, interpretability, and additional discrimination 
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at the species and genotype/subgenotype levels (Geurden 
et al., 2006). It is also essential to confirm the species de-
tected using genetic methods because Cryptosporidium 
species cannot be identified just by morphology (Robin-
son et al., 2006). In order to identify species and diagnose 
Cryptosporidium infections, the current study also makes 
use of molecular detection techniques. Nested PCR and 
sequence analysis targeting the Small Subunit rRNA gene 
were used to identify the species of Cryptosporidium spp. in 
Baghdad province, Iraq. The amplified region was selected 
because it encompasses the major region of interspecies/
genotype variability in the gene, enabling the identification 
of almost all Cryptosporidium spp. and genotypes through 
sequence analysis of the PCR product. The abundance of 
multi-copy hyper-variable sections indicates that this gene 
is highly conserved (Yoder and Beach, 2010). In the Iraqi 
province of Baghdad, three species of C. hominis, C. par-
vum, and C. andersoni were found in handlers. Our find-
ings concur with those of Leoni et al. (2006), who iden-
tified eight species of Cryptosporidium in 2414 diarrheal 
individuals in England, including C. hominis, C. parvum, 
C. meleagridis, C. andersoni, Cryptosporidium felis, C. canis, 
C. suis, and C. cervine type. Only two species were found in 
Iraq by Abdul-Sada (2015) and Jawad (2015), including C. 
parvum and C. hominis.

CONCLUSIONS AND 
RECOMMENDATIONS

The results of this study indicate that Cryptosporidium spp. 
are among the most prevalent parasites that pose a signif-
icant threat to both human and animal health, as well as 
public safety. The widespread presence of the parasite in 
both humans and animals is concerning. From results of 
phylogenetic analysis ten local isolates from handlers and 
calves were deposited in the gene bank.
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