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Abstract 

       The present study sought to design and execute a multiplex polymerase chain reaction (m-

PCR) for the detection of three parasite infections in immune-compromised patients : Cyclospora 

cayetanensis , Entamoeba histolytica and Cryptosporidium parvum in patients at Wasit Province, 

Iraq. The three targeted parasites were effectively identified by the study through the development 

and use of a multiplex PCR. The results of the current study appeared that 60% of cases were 

E.histolytica, 23% were C. parvum, and 17% were C.cayetanensis. It was more common in males 

62 (62 %) than females 38 (38 %); however, there was no discernible variation in the incidence of 

C. cayetanensis or C. parvum between the sexes. As people aged, the frequency of all three 

parasites dropped. The oldest age group (51–60 years old) having the highest frequency (29%) and 

the youngest age group (1–10 years old) having the lowest prevalence (4%), the positive 

percentage gradually increase with age.  The results of this study can guide public health initiatives 

in the area and further knowledge of opportunistic parasite infections in immunocompromised 

people. In immunocompromised individuals, multiplex PCR provides a sensitive and specific way 

to diagnose these parasitic infections.  
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Introduction 

         Cyclospora cayetanensis is a disease that is widely distributed around the world [1]. It is 

categorized under the Coccidia subgroup of the family Eimeriidae under the phylum Apicomplexa 

[2]. C. cayetanensis is an obligatory intracellular protozoan parasite that was formerly known as 

cyanobacterium-like body (CLB). It is closely linked to the genus Eimeria. It mostly affects the 

upper small intestine's epithelial cells, which results in cyclosporiasis [3], a tropical illness that is 

frequent in tropical nations and a factor in traveler's diarrhea. The parasite is now acknowledged 

as an emergent pathogen affecting both immunocompromised and immunocompetent individuals 

globally [4]. The increasing danger of contracting rare and exotic tropical diseases is a result of 

travel, fresh food consumption, and globalization of the food supply. Fresh vegetables imported 

into developed countries from underdeveloped nation’s raises the risk of coming into touch with 

endemic parasites from other areas.  

         Cryptosporidiosis is an emerging zoonotic disease in humans and animals that contributes to 

intestinal and extra-intestinal diseases. The major factor controlling the susceptibility and severity 
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of cryptosporidiosis appears to be the immune status of the host [5]. Those with great risk of 

infection including the immunocompromised patients [6,7]. They are including AIDS and T.B 

patients and those with various malignant, cytotoxic drugs receivers, prolonged corticosteroid 

therapy, the drugs used to prevent organ transplant rejection [4]. Those with chronic diseases and 

persons who have congenital immunodeficiency’s [8,9]. In such patients, cryptosporidiosis is 

characterized by painful, persistent, frequently cholera-like diarrhea along with extreme 

abdominal colic, body weight loss of more than 10%, and dehydration [10].The infection is 

transmitted through the fecal-oral route and results from the ingestion of Cryptosporidium oocysts 

through the intake of food, water or direct contact with individuals or animals. It has been 

documented that infected individuals shed 108-108 oocysts in a single bowel movement and 

excrete oocysts for up to 50 days after diarrhea cessation [11]. 

         Entamoeba histolytica is the causative agent of amoebic liver abscess, diarrhea, and colitis. 

Its severe morbidity and mortality rate accounts for one hundred thousand fatalities every year 

[12]. Advances in comprehending the biochemical, immunological, and genetic distinctions 

between Entamoeba dispar and E. histolytica have resulted in their reclassification as distinct 

species. Although they are morphologically identical, microscopy cannot discriminate between the 

two on their own; PCR or antigen detection are required as supplementary techniques [13].  

       The current study aimed to focus on the development and implementation of Multiplex PCR 

for identification of three parasite infections; C.cayetanensis , E. histolytica, and C.parvum in 

immunocompromised patients at Wasit Province, Iraq. 

 

Materials and Methods 

Sample Collection 

        A total of 100 stool samples were taken from immunocompromised patients at the Center for 

Genetic Blood Diseases (Thalassemia) and Al-Karamah Teaching Hospital at Wasit Province, 

Iraq. The patients' ages and sexes were taken into account while grouping the samples. Each 

sample container's label had the patient's name and a unique identification number. The stool 

samples were collected during October and April, 2023.  After that, each stool sample was divided 

into two parts ; the first was frozen at -20°C for a subsequent multiplex PCR analysis, and the 

second was direct examined with the Modified ZN stain by microscope [14]. 

1. Direct Stool Examination: Using the Modified Ziehl-Neelsen stain method, a total of 100 stool 

samples were examined under a microscope in order to identify the parasites [15]. 

2. Molecular Diagnosis: E. histolytica, C. parvum  and C. cayetanensis were detected using 

multiplex PCR approach based on ribosomal RNA small subunit. 

Primers 

        Using NCBI-Genbank  ; 3 primers were design, the multiplex PCR primers for the detection 

of E. histolytica, C. parvum  and C. cayetanensis based on small subunit ribosomal RNA gene 

were generated in this work.  The following table shows the primers that were given by Scientific 

Researcher .Co. Ltd, Iraq: 
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Table 1:  PCR primers for E. histolytica, C. parvum  and C. cayetanensi 

 

Stool DNA Extraction 

      Genomic DNA was extracted from stool samples using (Stool DNA extraction Kit, Bioneer. 

Korea). The extraction was done according to company instructions using stool lysis protocol 

method with Proteinase K [16]. After that, the extracted gDNA was checked by Nanodrop 

spectrophotometer, and then stored at -20℃ until used in PCR amplification. 

Multiplex PCR master mix preparation 

The preparation of the Multiplex PCR (mPCR) master mix was conducted utilizing the GoTaq 

Green PCR Master Mix, following the company's instructions as outlined in the provided table. 

The first master mix, designed for Multiplex PCR, included a total volume of 50µL. The 

components comprised 5µL of DNA template (ranging from 5 to 50ng), forward and reverse 

primers for specific targets (E. histolytica, C. parvum  and C. cayetanensis), each at 2µL, and 25µL 

of GoTaq Green Master Mix. Nuclease-free water was added to achieve a final volume of 50µL. 

This master mix formulation adheres to the recommended guidelines for conducting Multiplex 

PCR assays, facilitating the simultaneous amplification of target DNA sequences for the specified 

pathogens. 

Results  

Table 2: Prevalence of Intestinal Parasites in Stool Samples 

Parasite 

Number of positive 

cases 

Total 

cases 

Prevalence 

(%) 

E. histolytica 60 100 60 

C. parvum 23 100 23 

C. cayetanensis 17 100 17 
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The table presents a comprehensive overview of the prevalence of three parasitic infections E. 

histolytica, C. parvum  and C. cayetanensis within a sample population. Out of 100 total cases 

examined, 60 individuals tested positive for E. histolytica, resulting in a prevalence rate of 60 %. 

Similarly, 23 cases were positive for C. parvum  , representing a prevalence of 23 %. Additionally, 

17 cases were positive for C. cayetanensis, yielding a prevalence rate of 17 %. These findings 

underscore the importance of understanding and monitoring the prevalence of these parasitic 

infections in the studied population. 

Table 3: Distribution of intestinal parasite infection according to the sex 

 

 

 

 

 

 

 

The frequency of three parasite infections— C. cayetanensis, C. parvum  , and E. histolytica—is 

shown in the table according to sex. Male make up 62% of the study population, while female 

make up 38%. The percentages show what percentage of people in each sex category tested 

positive for the corresponding parasite. Thirty-eight percent of the males tested positive for E. 

histolytica, suggesting that this parasite is significantly more common in the male subgroup. E. 

histolytica was found in 22% of females, which indicates a little lower prevalence than in males. 

The prevalence of C. parvum  in the males had 14 %, which suggests that there is a significant 

incidence in the male population while in females was 9 %, indicating a comparatively less 

incidence in comparison to males. Cyclospora cayetanensis had a moderate presence as shown by 

the 10% frequency of this parasite in the male while it prevalence in females was 7%, indicating 

a comparable less incidence to that in males. 

 

 

 

 

 

 

 

 

 

Parasite Males % Females % Total (%) 

E. histolytica 38 (38 %) 22(22%) 60 

C. parvum 14 (14 %) 9 (9 %) 23 

C. cayetanensis 10 (10 %) 7 (7 %) 17 

Total 62 (62 %) 38 (38 %) 100 % 



  

165  

Vol. 20, No. 1.  (2024)   
E ISSN: 1672-2531  

Table 4: Prevalence of Three Intestinal Parasites according to the Age 

 

 

 

 

 

 

 

 

 

 

           

 

Table 4 summarizes the results of the present study, displaying the prevalence of a specific parasite 

across different age groups. It shows: 

The total positive rate is 100% with the oldest age group (51–60 years old) having the highest 

frequency (29%) and the youngest age group (1–10 years old) having the lowest prevalence (4%), 

the positive percentage gradually increase with age. The noted increase in the positive proportion 

with aging may indicated many factors: Age-related immunity: As people age, they may become 

more prone to infection due to a degree of immunity they have decreased against the parasite. 

Effects of cohorts: Various age cohorts could have been exposed to different environmental or 

social factors that influenced their risk of infection. 

Table 5: Statistical Association among E. histolytica, C. parvum  and C. cayetanensis 

Infection and Age Groups 

Age groups 

Years Positive 

Positive 

percentage 

1-10 4 4 % 

11-20 12 12 % 

21-30 17 17 % 

31-40 16 16 % 

41-50 22 22 % 

51-60 29 29 % 

Total 100 100 % 

Parasite 

Chi-squared 

statistic 

Degrees of 

freedom P-value Result 

E. histolytica 7.44 5 0.190 

No significant 

difference 

C. parvum 3.61 5 0.607 

No significant 

difference 
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         The findings of chi-squared tests used to examine the relationship between age groups and 

parasite infection (E. histolytica, C. parvum  and C. cayetanensis) are summarized in the table 5. 

A statistical indicator of how strongly age groups and parasite infection are found to be associated. 

 

 

C. cayetanensis 2.44 5 0.785 

No significant 

difference 



  

167  

Vol. 20, No. 1.  (2024)   
E ISSN: 1672-2531  

Figure (1): Agarose gel electrophoresis image that showed the Multiplex PCR product analysis of 

small subunit ribosomal gene to detect E. histolytica, C. parvum  and C. cayetanensis from human 

stool samples. Where, the Lane (M): DNA marker ladder (100-2000bp) and the Lane (1-99) 

showed positive E. histolytica, C. parvum  and C. cayetanensis at (389bp, 669bp, and 224bp PCR 

product size) respectively. 

 

Discussion 

          The results of the current study was appeared that 17 cases were positive for C. cayetanensis, 

yielding a prevalence rate of 17 %. These findings underscore the importance of understanding 

and monitoring the prevalence of these parasitic infections in the studied population. The 

Cyclospora cayetanensis infection rate found in the present study was in agreement with other 

earlier studies published in Egypt [17,18] which found that the infection rate was (24.5%) and 

(25%) respectively utilizing PCR testing. The incidence of cyclosporiasis was first documented in 

India [15] where it was found that the prevalence rate of C. cayetanensis was 89%. However, 

Mundaca's study [20] recoded 57.1% in Lima and Peru, indicating that the highest prevalence was 

found in India due to the endemic nature of C. cayetanensis in India. Additionally, it seems to be 

the more prevalent illness in tropical and subtropical regions, whereas this protozoan is endemic 

in Nepal, Haiti, Guatemala, Peru, and Peru. Travelers who give more detailed information 

regarding Cyclospora infection have a greater incidence of C. cayetanensis in developing nations 

than in Europe and North America. This parasite causes diarrheal illness in travelers [19, 20].     

         Cryptosporidium parvum  is one of the most important intestinal organism that is a principal 

cause of digestive diseases in humans. This microorganism often causes chronic, and serious 

intestinal diseases leads to morbidity and mortality [21], therefore, cryptosporidiosis is a 

considerable public health problem across the world with a high variety of prevalence. Our results 

showed statistically significant differences between material status (P=0.005) and type of stool 

(P=0.001). These findings are similar to Mohaghegh et al [22] and Izadi et al [23-25]. The 

prevalence of Cryptosporidium infection in immunocompromised patients in Iran was reported as 

4.7% in Isfahan [26], 11.5% in Kashan [27], 35.9% in Mashhad [28] and 0.9% in Tehran [29]. 

Epidemiological studies in Ethiopia, India, Egypt, Cameron, Malaysia, Indonesia, China, 

Australia, Turkey, Philippines, Iraq and Uganda was 13.2%, 21%, 60.2%, 19%, 12.4%, 4.7%, 

8.3%, 2.3%, 4%, 1.9%, 18.9% and 25% respectively [30,31]. It is relatively common in Iraq 

especially in the southern part. So, cryptosporidiosis among patients can be considered as the main 

cause of morbidity and mortality among those patients. The mechanisms contributing in the 

increased vulnerability to infection are splenic dysfunction, decreased IgM levels and defective 

alternative complement pathway [32].    

         Numerous studies have been confirmed that E. histolytica can infect the males more than 

females because of their formal structure. During the past three years, an unusual increase in E. 

histolytica was observed between the ages of (10-50) years old. The present study found that the 

percentage of infected males was higher than that of females. One of the most important reasons 
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for this is the inability to track children’s behavior and toys over time, as well as contamination of 

food, clothing and even bedding. Moreover, the hormonal effects are different depending on the 

sex therefore will effect on the immune system and the accuracy of its effectiveness. This can be 

explained by the possibility of a moderately active immunity that led to a weak response. This 

view was consistent with other studies which demonstrated a weak immune response of IgA 

against the CRD active site of E. histolytica [33].  

 

Conclusion 

          It is crucial to recognize the significance of opportunistic parasite infections in 

immunocompromised individuals. PCR is regarded as an alternate method for diagnosing C. 

cayetanensis, E. histolytica, and C. parvum in epidemiological investigations. The outcomes 

demonstrated the PCR's sensitivity in detecting C. cayetanensis in stool samples.  

 

References 

 

1. Chacin-Bonilla L, Santin M. Cyclospora cayetanensis Infection in Developed Countries: 

Potential Endemic Foci? Microorganisms. 2023 ; 11 (3): 540.  

2. Dubey JP, Khan A, Rosenthal BM. Life Cycle and Transmission of Cyclospora 

cayetanensis: Knowns and Unknowns. Microorganisms. 2022; 10(1):118.  

3. Sánchez-Vega JT, Cabrera-Fuentes HA, Romero-Olmedo AJ, Ortiz-Frías JL, Sokolina F, 

Barreto G. Cyclospora cayetanensis: this emerging protozoan pathogen in Mexico. Am J 

Trop Med Hyg. 2014 ;90 (2):351-3.  

4. Ghoshal U, Siddiqui T, Tejan N, Verma S, Pandey A, Ghoshal UC. Cyclosporiasis in 

immunocompetent and immunocompromised patients - A Twelve years' experience from 

a tertiary care center in Northern India. Trop Parasitol. 2022;12(2):94-98.  

5. Current WL, Carcia LS. Cryptosporidiosis. Clin Microbiol Rev, 1991; (4): 325-358. 

6. Fayer R, Vinger BL. Cryptosporidium spp. and cryptosporidiosis. Microbiol Rev., 1986; 

(50): 458-483. 

7. Hopelman IM. (1996). Human cryptosporidiosis. Int J STD AIDS (1): 28-33. 

8. Markell EK, John DT, Krotoski WA. Markell and Voge Medical Parasitology. 1999. 8th 

Ed. Philadelphia: WB Saunders Co. 389-398. 

9. Spencer KC, Soave R, Acosta A. Cryptosporidiosis in HIV-infected persons: prevalence in 

New York population. Int J Infect Dis., 1997; (1): 217-221. 

10.  Jokipii L, Jokipii AMM.  Timin  of symptoms and oocyst excretion in human 

cryptosporidiosis. The New Engl J Med., 1986; 315(26): 1645-1646. 

11.  Okhuysen, P.C.; Chappell, C.L.; Crabb; J.H.; Sterling, C.R. and DuPont, H.L. Virulence 

of three distinct C. parvum isolates for healthy adults. J. Infect. Dis., 1999; 180:1275-81. 

12.  Ortega YR, Sanchez R. Update on Cyclospora cayetanensis, a food-borne and waterborne 

parasite. Clin Microbiol Rev. 2010; 23(1):218-34.  



  

169  

Vol. 20, No. 1.  (2024)   
E ISSN: 1672-2531  

13.  Ashford   RW.   Occurrence   of   an   un-described   coccidian in man in Papua New 

Guinea. Ann Trop Med Parasitol, 1979; 73:497–500. 

14.   Herwaldt  BL. Cyclospora  cayetanensis:  a  review,  focusing  on  the  outbreaks  of  

cyclosporiasis  in  the  1990s. Clin Infect Dis. 2000; 31: 1040–1057. 

15.  Kantor M, Abrantes A, Estevez A, Schiller A, Torrent J, Gascon J, Hernandez R, Ochner 

C. Entamoeba Histolytica: Updates in Clinical Manifestation, Pathogenesis, and Vaccine 

Development. Can J Gastroenterol Hepatol. 2018; 4601420.  

16.  Huston CD, Petri WA. Amebiasis: Clinical Implications of the Recognition of Entamoeba 

dispar. Curr Infect Dis Rep. 1999;1(5):441-447.  

17.  Gerace E, Lo Presti VDM, Biondo C. Cryptosporidium Infection: Epidemiology, 

Pathogenesis, and Differential Diagnosis. Eur J Microbiol Immunol (Bp). 2019 ; 9(4):119-

123.  

18.  Mohammed, M.T. ; Zeib , I.A. and Shwick , R.(2009). Epedimiological Study of 

Giardiasis among Children Under Five Years of Age. Al-Taqani. 22(2):128-135. 

19.  Tahvildar-Biderouni F, Salehi N. Detection of Cryptosporidium infection by modified 

ziehl-neelsen and PCR methods in children with diarrheal samples in pediatric hospitals in 

Tehran. Gastroenterol Hepatol Bed Bench. 2014;7 (2):125-30.  

20.    Ali, N.H., Mahdi, N.K. First report of three cases of  cyclosporiasis  in  Iraq.  East  

Mediterr.  Health  J.  1999; 5(5): 1055-1057.  

21.    Rahi,  A.  A.,  Magda,  A.,  and  Al-Charrakh,  A.  H.  Prevalence  of  C.  parvum  among  

children  in  Iraq.  American  Journal  of  Life  Sciences,  2013;  1(6), 256-260. 

22. Ortega  YR,  Sterling  CR,  Gilman  RH,  Cama  VA,  Dı ́az  F.  Cyclospora  species–a  

new  protozoan pathogen  of  humans.  N  Engl  J  Med.1993;  328: 1308–1312. 

23.  Helmy,   MM.;   Rashed,   LA.   and   Abdel-Fattah,   HS.  Co-infection  with  

Cryptosporidium  parvum and Cyclospora cayetanensis     in     immune     compromised   

patients.   J   Egypt   Soc   Parasitol.,   2006;  36 (2): 613-27. 

24.   Hussein,  E.  M.  Molecular  identification  of Cyclospora   spp.   Using   multiplex   PCR   

from   diarrheic  children  compared  to  other  conventional  methods.  J.  Egypt.  Soc.  

Parasitol.,  2007;  37:585–598.   

25.  Johnson, DW.;  Pieniazek, NJ.;     Griffin, DW.; Misener, L. and Rose, JB. Development 

of PCR protocol for sensitive detection of Cryptosporidium oocysts    in    water    

specimens.    Appl    Environ    Microbiol., 1995 ; 61: 3849–55. 

26.  Mundaca,  CC.; Torres-Slimming,  PA.; Araujo-Castillo,  RV.;  Morán  ,M.; Bacon,  DJ.; 

Ortega, Y.;Gilman,  RH.and  Blazes,  DL.  Use  of  PCR  to  improve   diagnostic   yield   

in   an   outbreak   of   Cyclosporiasis  in  Lima,  Peru.  Trans  R  Soc  Trop  Med Hyg, 

2008; 102(7):712-7. 

27.  Parasite.  Clin.  Microbiology  Rev.,  2010;  23(1): 218–234.  

28. Ortega, Y.R and Sanchez, R. Update on Cyclospora cayetanensis,   a      ood- Borne   and   

Waterborne    



  

170  

Vol. 20, No. 1.  (2024)   
E ISSN: 1672-2531  

29. Yadav,  P.;  Khalil,  S.;  Mirdha,  BR.;  Makharia, GK.and Bhatnagar S. Molecular 

characterization of clinical  isolates  of  Cyclospora  cayetanensis  from  patients  with  

diarrhea  in  India.  Indian  Journal  of  Medical Microbiology, 2015; 33(3): 351-356. 

30.  Herwaldt, B. L. Cyclospora cayetanensis: a review, focusing on the outbreaks of 

Cyclosporiasis in the 1990s., 2000; 31(4):1040-57. 

31.  Ali NH, Mahdi NK. Cryptosporidiosis in patients undergoing immunosuppressive therapy. 

Tech Res J 2000; 12: 16-19. 

32.  Pawlowski SW, Warren CA, Guerrant R. Diagnosis and treatment of acute or persistent 

diarrhea. Gastroenterology. 2009;136(6):1874–86.  

33.  Mohaghegh MA, Hejazi SH, Ghomashlooyan M, Kalani H, Mirzaei F, Azami M. 

Prevalence and clinical features of Cryptosporidium infection in hemodialysis patients. 

Gastroenterol Hepatol Bed Bench. 2017;10(2):137-42.  

 

  


