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Abstract

Backgrounds: Cryptosporidiosis is a parasitic disease caused by Cryptosporidium spp. These parasites belong to the phylum 
Apicomplexa and are intracellular protozoa that infect mammals, birds, reptiles, and amphibians. They are cosmopolitan, mostly 
affecting people with immunodeficiency, and in some cases, can be deadly. In immunocompetent individuals. Objectives: The current 
study aimed to investigate the prevalence of Cryptosporidium spp. parasite in different regions of Anbar province by different 
methods, such as the Ziehl–Nelson staining method, as well as the polymerase chain reaction (PCR) method and DNA sequencing, 
in addition to evaluating the relationship between infection and several demographic factors such as age, sex, geographical area, 
and seasonal variation. Materials and Methods: Investigation on different age groups investigation was carried out on samples of 
Al-Anbar referral hospital patients with acute diarrhea and other intestinal symptoms. Using modified Ziehl–Neelsen staining, nested 
PCR, and DNA sequencing, the species of Cryptosporidium were identified in samples of stool. Results: The prevalence of species 
of Cryptosporidium among patients was 17.5% (36/205) overall. The PCR and DNA semi-nested sequences amplified the 18SrRNA 
gene of Cryptosporidium spp. in all microscopic-positive samples, revealing the presence of two Cryptosporidium species, including 
C. hominins 47.2% (17/36) and C. parvum 52.0% (19/36). The correlation between the infection with Cryptosporidium spp. and some 
factors results in nonsignificance differences with all factors under consideration. The results of the phylogenetic tree and sequencing 
showed close relatedness to Iraqi isolates reference Cryptosporidium parasitic isolates C. parvum and C. hominis isolates with a total 
percent identity score of 100%. Conclusions: The prevalence of C. parvum in the current investigation may corroborate the significance 
of zoonotic cryptosporidiosis transmission in the Al-Anbar province.
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Introduction
Cryptosporidium is an obligatorily enteric protozoan 
parasite that is, a widely recognized pathogen of the 
alimentary tract. Cryptosporidium consists of numerous 
species with a vast host range.[1] Each species can 
infect the microvilli border of the gastrointestinal 
tract and respiratory epithelium of various vertebrate 
hosts, including humans.[2,3] Due to the fact that the 
pathogenesis of Cryptosporidium varies in relation to 
the parasite species, age, and immune status of the host, 
infected individuals exhibit a broad spectrum of clinical 
symptoms. The most prominent symptoms and signs 
include diarrhea with watery stools, abdominal pains, 
anorexia, weight loss, nausea, vomiting, lethargy, and 
a low-grade fever.[4] Cryptosporidiosis affects a variety 

of human populations, including infants younger than 
five and immunocompromised individuals, especially 
human immunodeficiency virus-positive patients.[4] even 
though molecular and immunological techniques may 
safely substitute microscopic methods, the microscopic 
inspection of stool samples remained an essential 
component of diagnostic testing for these parasites.[5] 
Microscopy is inexpensive, but a competent parasitologist 
is necessary, and the diagnostic outcome depends on an 
appropriate sample of stool.[6] Relevant to humans are 
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C.  hominis and C.  parvum, which differ in host range, 
genotype, and pathogenicity. C.  hominis infects only 
humans, whereas C.  parvum infects other mammals.[7] 
For molecular epidemiology evaluation of potential 
infection sources, species differentiation is indispensable. 
Conventional methods for detecting the oocysts of 
Cryptosporidium in feces include microscopy detection of 
oocysts utilizing acid-fast stain with widely reactive species 
of Cryptosporidium antibodies or an improved acid-fast 
staining approach.[8] For precision parasite identification, 
our research has focused on the hypervariable region of 
Cryptosporidium’s 18S rRNA gene. Human (male and 
female) neonates and (male and female) individuals from 
diverse geographic regions provided the samples that were 
analyzed. Our research additionally evaluated the degree 
of variation in sequence between isolates throughout 
every species and the impact of this variation on the usage 
of this gene target for the phylogenetic examination of 
Cryptosporidium.

Materials and Methods

Samples collection
Overall, 205 fecal samples were obtained from different 
groups of people in Al-Anbar Province admitted to a 
number of hospitals, including Al-Ramadi Maternity 
and Children Hospital, Fallujah Teaching Hospital, 
internally displaced persons (IDP) camps as well as some 
popular health centres in Al-Anbar province and private 
laboratories during the period from March, 2022 until 
February 2023, who suffering acute diarrhea and some 
intestinal symptoms, every specimen was analyzed to 
detect Cryptosporidium by microscopic examination of 
direct preparations using normal saline and formalin ether 
concentration methods, a slide was produced and stained 
with the modified Ziehl-Neelsen acid-fast technique.[9] 
Microscopically determined Cryptosporidium-positive 
samples were stored at 4°C in 17.5% (36/205) potassium 
dichromate prior to DNA extraction.

DNA extraction
Extraction of DNA was made for all positive samples 
for microscopic examination were collected using a kit of 
Promega Company (Madison, Wisconsin, USA), which was 
performed according to the manufacturer’s instructions.

Nested PCR
The 18S rRNA gene was analyzed using a semi-nested 
two-step PCR procedure. Using NCBI Nucleotide 
blast and Plus3primer, the outer forward primer 
5′-TCTAGAGCTAATACATGCGAAA-3′ and the  
common reverse primer 3′-CCCATTTCCTTCGA​
AACAG-5′ were designed for this investigation. Utilizing 
the following procedure, they amplified a 1325-bp fragment: 
5 min at 94°C, followed by 35 cycles of 94°C to stay 
45 s, 55°C to stay 45 s, and 72°C to stay 1 min, and a final 

increase at 72°C to stay 10 min. An 835-bp region was 
amplified in the second round using the forward primer 
5′-GGAAGGGTTGTATTTATTAGAT-3′ and the reverse 
primer 3′-AAGGAGTAAGGAACAACCTC-5′. The 
second PCR round was carried out at 94°C to stay 5 min, 
after which there were 35 cycles at 94°C to stay 45 s per cycle. 
DNA was amplified in an end volume of 25 L consisting of 
12.5 L of 2× PCR master mix (Ampliqon, Denmark), 10 pm 
of every primer, and 2 L of DNA using a Biorad thermocycler. 
In each set of PCRS, a DNA-free control sample, and an 
identified C. parvum sample were included as negative and 
positive controls, respectively. On a 2% agarose gel, the PCR 
product was electrophoresed for one hour. A red safe was 
used to stain the gel, and a UV transilluminator (Uvitec, 
UK) was used to visualize the products.[6]

DNA sequencing
The second PCR products were shipped to Microgene 
Company (New Delhi, India), and the results were 
compared with sequences previously deposited in the 
GenBank database using NCBI-BLAST software.

Statistical analysis
Using statistical software SPSS version 16 (Chicago, 
Illinois), the Mann–Whitney and chi-square tests with a 
P-value of 0.05 were applied to the outcomes.[10]

Ethical endorsement
The research was conducted in accordance with the 
Helsinki Declaration’s moral criteria. Prior to taking the 
sample, the patient’s verbal consent was obtained as well 
as analytical consent. On September 26, 2022, a local 
ethics committee reviewed and approved the research 
protocol, subject information, and consent form in line 
with document number 363.

Results
During the period from March 2022 to February 2023, 
stool samples from 205 patients with acute diarrhea 
and other intestinal symptoms, such as abdominal pain, 
vomiting, nausea, etc., who were admitted to hospitals such 
as Al-Ramadi Maternity and Children Hospital, Fallujah 
Teaching Hospital, IDP camps, as well as some popular 
health centers in Al-Anbar province and private laboratories.

Using modified Ziehl–Neelsen staining, nested PCR, 
and DNA sequencing, species of Cryptosporidium were 
identified in stool samples. Figure 1 displays that the 
aggregate prevalence of Cryptosporidium spp. among 
patients was 17.5% (36/205). The 18SrRNA gene of 
Cryptosporidium spp. was amplified successfully by semi-
nested PCR as well as sequenced in all microscopic-
positive samples, revealing the presence of two species of 
Cryptosporidium, C. hominis 47.2% (17/36) and C. parvum 
52.0% (19/36).
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The difference between sexes was not of statistical 
significance (P = 0.05). Patients older than 30 years had 
a higher infection rate, but there were no statistically 
significant differences. According to Table 1, there was 
no relationship between the occurrence percentage of 
infection with Cryptosporidium and any other variables.

Semi-nested PCR amplified the 18SrRNA gene of 
Cryptosporidium in all 36 microscopy-positive samples 
[Figures 2 and 3].

For species identification, the 18s rRNA gene PCR-
positive products of 36/205 specimens from diarrhea 
patients were sequenced. Nineteen of these human 
specimens were similar to C. parvum (GenBank accession 
number MK426796.1 [Iraq]), while 17 were similar to 

C.  hominis (GenBank accession number MK982514.1 
[Iraq]). Figure  4 depicts the isolated Cryptosporidium 
parasite sequences from the patients studied.

Discussion
The parasite of protozoan Cryptosporidium is one of the 
largest and most important intestine organisms and the 
main cause of digestive disorders in human beings, among 
parasites that impact the gastrointestinal tract. It is fetal 
only in immunocompromised patients; consequently, 

Figure 1: Cryptosporidium oocysts were detected in the stool sample 
(100×)

Table  1: Al-Anbar province, sociodemographic features of the patients based on species of Cryptosporidium presence or 
absence

Variable   Infected (%) Noninfected (%) Total P-value 
Gender Male 18 (8.7%) 69 (33.6%) 87 (42.4%) 1.022

  Female 18 (8.7%) 100 (48.7%) 118 (57.5%)  

Age groups (0–30) 22 (10.7%) 94 (45.8%) 116 (56.5%) 61.381

  (30–60) 10 (4.8%) 58 (28.2%) 68 (33.1%) 0.446

  (60–90) 4 (1.9%) 17 (8.2%) 21 (10.2%) 7.119

Residency Rural 22 (10.7%) 93 (45.3%) 115 (56.09%)  

  Urban 14 (6.8%) 76 (37.07%) 90 (43.9%)  

Seasonal variation March 1 (0.48%) 8 (3.9%) 9 (4.3%)  

  April 4 (1.9%) 6 (2.9%) 10 (4.8%)  

  May 1 (0.48%) 4 (1.9%) 5 (2.43%)  

  June 3 (1.4%) 8 (3.9%) 11 (5.3%)  

  July 2 (0.97%) 7 (3.4%) 9 (4.3%)  

  August 6 (2.9%) 20 (9.7%) 26 (12.6%)  

  September 2 (0.97%) 11 (5.3%) 13 (6.3%)  

  October 2 (0.97%) 11 (5.3%) 13 (6.3%)  

  November 6 (2.9%) 29 (14.1%) 35 (17.07%)  

  December 4 (1.9%) 21 (10.2%) 25 (12.1%)  

  January 5 (2.43%) 44 (21.4%) 49 (23.9%)  

Figure  2: Illustrates the gel electrophoresis profile of 1325 bp of the 
18S small subunit ribosomal RNA gene utilizing 2% agarose stained 
alongside a safe red DNA dye as well as electrophoresed at 5 vol/cm in 
TBA solution. Lane M.DNA Identifier 100–10,000 bp

Figure  3: The gel electrophoresis profile of 835 bp of the 18S small 
subunit ribosomal RNA gene using 2% agarose stained with a safe red 
DNA dye and electrophoresed at 5 vol/cm in TBA buffer. Lane M.DNA 
Marker 100–1500 bp
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cryptosporidiosis is a significant issue of global public 
health with a wide range of prevalence. Similar to recent 
studies, our findings revealed no statistically significant 
deviations between infection with cryptosporidium spp. and 
studied variables such as gender, age, seasonal variation, 
and residence (P = 0.05).[11,12] Although the sample size is 
insufficient to draw a conclusion, it is consistent with a 
study conducted in the Philippines, which found that there 
was no correlation between the gender of youngsters and 
the prevalence of being infected by this parasite.[13,14]

In addition, the findings were consistent with those of 
Natividad et  al.[15] and Ke-Xia et  al.[16] In impoverished 

societies, intestinal parasites are prevalent, and among 
parasitic diseases, Cryptosporidium poses a significant 
hazard to public health, particularly in developing 
nations.[17,18]

The authors analyzed the progression of an infection within 
128 patients. Patients with less severe immunosuppression 
were more likely to contract transient infections, which 
were detected in 28.7% of immunocompromised 
patients.[19] 7.8% of patients passed over 2 L of stool/day, 
but just those alongside a CD4 count below 50/mm3.[20] 
Among AIDS patients, cryptosporidiosis remains one 
of the most prevalent causes of diarrhea.[21] Currently, 

Figure 4: DNA sequences found in C. hominis and C. parvum

Figure 5: Variation in the 18srRNA gene nucleotide sequences in the primer regions between C. parvum and C. hominis
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cryptosporidiosis is the most prevalent waterborne disease 
in the world.[22]

The 18SrRNA gene of Cryptosporidium spp. was efficiently 
amplified by nested PCR and sequenced in all microscopic-
positive samples, revealing the presence of a pair of 
Cryptosporidium species, including C.  hominins 47.2% 
(17/36) and C.  parvum 52.0% (19/36). The substantial 
number of C.  parvum may be attributable to the high 
incidence of zoonotic transmission cryptosporidiosis 
in this region, as well as anthroponotic transmission 
associated with C.hominis and the lack of host specificity, 
which may give it a real chance to spread widely among 
humans as well as animals,[23] as reported by Al-Braiken 
et al.[24] C. parvum and C. hominis were identified in 37% 

and 42.9% of cases, respectively, in Saudi Arabia. Mixed 
infections with C.  hominis and C.  parvum were detected 
in 2.9% of infected children, and 2.9% were infected 
with other species. Rafiei et al.[25] recorded infection rates 
of 68%, 25%, and 6.2% among juveniles infected with 
C. parvum, C. hominis, and other species in Iran. In Egypt, 
C.  hominis is predominant among humans (60.5%), 
followed by C. parvum (38.35%), as determined by Helmy 
et al.[26]

In this regard, other researchers used conventional 
techniques such as formalin-ether concentration and 
modified Ziehl–Neelsen staining, whereas we used 
conventional techniques (Zeihl–Neelsen stain) followed 
by molecular techniques.

Figure 6: Neighbor-joining tree is used to construct local phylogenetic trees.MEGAX was responsible for the phylogenetic distance analyses

Figure 7: Neighbor-joining tree is used to construct global phylogenetic trees.MEGAX was responsible for the phylogenetic distance analyses
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To investigate the degree of total identity and overall 
similarity degree for the 18s rRNA gene of the 
Cryptosporidium parasite, which generally affects 
humans, compared to our Iraqi isolates C.  parvum and 
C.  hominis isolated from humans, the results showed 
closed relatedness to reference Cryptosporidium parasitic 
isolates C.  parvum and C.  hominis isolates with a total 
percent identity score of 100%. Using the MCL method 
and Tamura-nei model,[27] we can infer the evolutionary 
history as Figures 5 and 6.

For detection of the degree of total identity and 
overall similarity degree for the 18 sr RNA gene of 
the Cryptosporidium parasite compared with other 
international isolates that isolate from humans, the results 
showed closed relatedness to reference Cryptosporidium 
parasitic isolates C. parvum and C. hominis isolates with a 
total percent identity score of 100% as Figure 7.

Conclusion
Our findings provide valuable information about the 
distribution of Cryptosporidium species in Al-Anbar 
province. This study revealed that Cryptosporidium spp. 
is common among children and adults under 30  years 
old in the study location. Cryptosporidium parvum  
(a zoonotic species) is a particularly common cause of 
cryptosporidiosis in the region. There is no significant 
difference between male and female infection rates. The 
rate of infection in rural areas was considerably higher 
than in urban areas, but the difference was not statistically 
noteworthy. The monthly occurrence rate is unaffected by 
the months of the year.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Valenzuela  O, González-Díaz  M, Garibay-Escobar  A, Burgara-

Estrella A, Cano M, Durazo M, et al. Molecular characterization 
of Cryptosporidium spp. in children from Mexico. PLoS ONE 
2014;9:e96128.

2.	 Khazaal AA, Yousif MK, Mousa HA. Mother’s perception toward 
childhood diarrhea: A  cross-sectional study. Med J Babylon 
2022;19:635.

3.	 Xiao  L. Molecular epidemiology of cryptosporidiosis: an update. 
Exp Parasitol 2010;124:80-9.

4.	 muhsen  Farhan  S, Zangana  AJM, Muhaidi  MJ, Mohammed  AJ. 
Review of prevalence and diagnosis methods of Cryptosporidium 
spp. Pak Hear J 2023;56:109-14.

5.	 Fayer R. General biology. In: Fayer R, editor. Cryptosporidium and 
Cryptosporidiosis. London/New York: CRC Press; 2007. p. 1–42.

6.	 Al-Ani  SF, Al-Dulaimi  MF, Al-Fahadawi  SM. Detection of 
genotypes Giardia lamblia (A and B) in human feces of Iraqi patients 
according to Triosephosphate isomerase (TPI) gene characterization. 
Biochem Cell Arch 2020;20:2015-20.

7.	 Davies AP, Chalmers RM. Cryptosporidiosis. BMJ 2009;339:b4168.

8.	 Jex  AR, Smith  HV, Monis  PT, Campbell  BE, Gasser  RB. 
Cryptosporidium—Biotechnological advances in the detection, 
diagnosis and analysis of genetic variation. Biotechnol Adv 
2008;26:304-17.

9.	 Casemore DP, Armstrong M, Sands RL. Laboratory diagnosis of 
cryptosporidiosis. J Clin Pathol 1985;38:1337-41.

10.	 Rzaig SH, Rafi M, Farhan SM. Effect of pomegranate peel extract 
on some virulence factors of Proteus mirabilis isolated from 
pathological cases. J Pharm Neg Results 2022;13:2188-94.

11.	 Izadi  S, Mohaghegh  MA, Ghayour-Najafabadi  Z, Azami  M, 
Mirzaei F, Namdar F, et al. Frequency and molecular identification of 
Cryptosporidium species among immunocompromised patients referred 
to hospitals, Central Iran, 2015–16. Iran J Parasitol 2020;15:31-9.

12.	 Yang Y, Zhou Y-B, Xiao P-L, Shi Y, Chen Y, Liang S, et al. Prevalence 
of and risk factors associated with Cryptosporidium infection in an 
underdeveloped rural community of southwest China. Infect Dis 
Poverty 2017;6:1-10.

13.	 Abdullah ST, Althahab AO, Jabuk SIA. Genetic study of Gardnerella 
vaginalis virulence factors isolated from vaginal discharge. Med J 
Babylon 2023;20:2023.

14.	 Chai J-Y, Kim NY, Guk SM, Park YK, Seo M, Han ET, et al. High 
prevalence and seasonality of cryptosporidiosis in a small rural 
village occupied predominantly by aged people in the Republic of 
Korea. Am J Trop Med Hyg 2001;65:518-22.

15.	 Natividad  FF, Buerano  Corazon  C, Lago  CB, Mapua  CA, 
de  Guzman  BB, Seraspe  EB, et  al. Prevalence rates of Giardia 
and Cryptosporidium among diarrheic patients in the Philippines. 
Southeast Asian J Trop Med Public Health 2008;39:991-9.

16.	 Wang  K-X, Li  C-P, Wang  J, Pan  B-R. Epidemiological survey of 
cryptosporidiosis in Anhui Province China. World J Gastroenterol 
2002;8:371-4.

17.	 Al-Sultany  AK, Al-Morshidy  KAH. An epidemiological study of 
intestinal parasites in children attending the Pediatric Teaching 
Hospital in the Holy City of Karbala, Iraq. Med J Babylon 
2023;20:95-100.

18.	 Saneian H, Yaghini O, Yaghini A, Modarresi M-R, Soroshnia M. 
Infection rate of Cryptosporidium parvum among diarrheic children 
in Isfahan. Iran J Pediatr 2010;20:343-7.

19.	 AL-Obaidy  TMM, Mutar  HA, Salih  TA. Studying of some 
immunological parameters in patients with inflammatory bowel 
disease (IBD) in Al-Anbar Province. J Univ Anbar Pure Sci 
2021;15:1-7.

20.	 Blanshard C, Jackson AM, Shanson DC, Francis N, Gazzard BG. 
Cryptosporidiosis in HIV-seropositive patients. QJM An Int J Med 
1992;85:813-23.

21.	 Hunter  PR, Nichols  G. Epidemiology and clinical features of 
Cryptosporidium infection in immunocompromised patients. Clin 
Microbiol Rev 2002;15:145-54.

22.	 Xiao L, Fayer R, Ryan U, Upton SJ. Cryptosporidium taxonomy: 
Recent advances and implications for public health. Clin Microbiol 
Rev 2004;17:72-97.

23.	 Ryan  UNA, Fayer  R, Xiao  L. Cryptosporidium species in 
humans and animals: Current understanding and research needs. 
Parasitology 2014;141:1667-85.

24.	 Al  Braiken  FA, Amin  A, Beeching  NJ, Hommel  M, Hart  CA. 
Detection of Cryptosporidium amongst diarrhoeic and 
asymptomatic children in Jeddah, Saudi Arabia. Ann Trop Med 
Parasitol 2003;97:505-10.

25.	 Rafiei  A, Rashno  Z, Samarbafzadeh  A, Khademvatan  S. 
Molecular characterization of Cryptosporidium spp. isolated 
from immunocompromised patients and children. Jundishapur J 
Microbiol 2014;7:e9183.

26.	 Helmy YA, VON Samson-Himmelstjerna G, Nöckler K, Zessin K-
H, von  Samson-Himmelstjerna  G, Nöckler  K, et  al. Frequencies 
and spatial distributions of Cryptosporidium in livestock animals 
and children in the Ismailia province of Egypt. Epidemiol Infect 
2015;143:1208-18.

27.	 Tamura  K, Nei  M. Estimation of the number of nucleotide 
substitutions in the control region of mitochondrial DNA in 
humans and chimpanzees. Mol Biol Evol 1993;10:512-26.


