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Abstract 
    

   This study detected of the molecular Cryptosporidium species in immunocompetent and imm-
unocompromised adults with diarrhea attended Kafrelsheikh University Hospitals and to assess 
risk factors. Stool samples from 200 immunocompetent & 200 immunocompromised were 
examined using acid fast (AF) stain and PCR/restriction fragment length polymorphism (RFLP) 
targeting small subunit (SSU) rRNA gene. Cryptosporidium PCR amplified was 15(7.5%) in im-
munocompetent and 23 (11.5%) immunocompromised, with significance difference as to age, 
presence of mucous, abdominal pain (P<0.05). Cryptosporidium was more common in rural 
areas in autumn and winter seasons. Two genotypes were C. hominis and C. parvum, but C. 
hominis was 60% in immunocompetent and 82.6% in immunocompromised.  
Key words: Patients, immunocompetent, immunocompromized, Cryptosporidiosis, SSU gene, 
RFLP. 

 

Introduction 
  Zoonotic species and genotypes of Crypto-
sporidium are transmitted from animal hosts 
to humans, and non-zoonotic species & ge-
notypes are host-adapted without evidence 
of transmission from animals to man. Cryp-
tosporidium parvum (formerly known as C. 
parvum genotype II) and C. homin is (form- 
erly known as C. parvum genotype I) are le-
ading causes of human cryptosporidiosis. C. 
meleagridis, C. felis, C. canis, C. ubiquitum, 
C. cuniculus, C. viatorum, Chipmunk genot-
ype I, Cryptosporidium mink genotype, & 
C. muris also infect humans (CDC, 2019). 
Cryptosporidiosis manifests with abdominal 
pain and diarrhea similar to that of choleric 
infection. In the immunocompromised hosts, 
the parasite causes prolonged infections that 
can also be fatal, and thus considered one of 
riskiest opportunistic infections for patients 
with acquired immunodeficiency syndrome 
(Gerace et al, 2019). However, it can likely 
be underestimated, since the diarrhea usually 
resolves without any treatment (Bouzid et 
al, 2013). Anyhow zoonotic cryptosporidio-

sis was reported in Egypt by many authors 
(El-Dessouky and El-Masry, 2005; El-Sher-
bini and Mohammad, 2006: Youssef et al, 
2008; El-Khodery and Osman, 2008; Mah-
fouz et al, 2014; Abouel-Nour et al, 2016, El 
Bahnasawy et al, 2018; El-Missiry et al, 
2019; Hamza et al, 2020 and others). 
   Thirty-nine species of Cryptosporidium 
were identified, but not all cause human dis-
ease, and the majority of human infection is 
caused by anthroponotic Cryptosporidium 
hominis or zoonotic C. parvum. Cryptospo- 
ridiosis was included among the neglected 
diseases initiative, that served to raise awar-
eness for both international and national 
measures in disease prevention and control 
(Morris et al, 2019).  
   Diagnosis of cryptosporidiosis is usually 
made by microscopically identification of 
oocysts of 4-6  in the stool of 
infected subjects (Khurana and Chaudhary, 
2018) However, since the detection of Cryp-
tosporidium oocysts can be difficult, three 
fecal samples collected on separate days 
should be microscopically examined to det-
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ect the oocysts prior to exclude the Cryp- 
tosporidium infection in subjects with severe 
diarrhea (Mohammad et al, 2021). Routine 
laboratory diagnosis of cryptosporidial infe-
ction by coproscopy and/or copro-immuno- 
assay had many limitations, thus molecular 
techniques were used for species and geno-
typic differentiation as the PCR/restriction 
fragment length polymorphism (RFLP) ana-
lysis or sequence analysis (Ghallab et al, 
2016).  
   Seasonality of many infectious diseases, 
including cryptosporidiosis, as socio-demo-
graphic distribution, behavioral characters 
and environmental factors were the main 
drivers of disease seasonality in transmiss-
ion (El-Badry et al, 2015). 
   The present study aimed to determine the 
Cryptosporidium species among a cohort of 
immunocompetent and immunocompromis- 
ed patients with diarrhea using PCR/RFLP 
analysis of small subunit (SSU) rRNA gene 
and to evaluate seasonal pattern and socio-
demographic data as risk factors. 

Material and Methods 
   Four hundreds diarrheic patients (200 im-
munocompetent & 200 immunocompromis- 
ed) with diabetic, renal, hepatic failure, and/ 
or on immuunosuppressive drugs attended 
Internal Medicine Outpatient Clinic, Kafr-
elsheikh University Hospitals were selected 
from January to December 2019. Medical 
sheets were filled out on each patient with a 
designed questionnaire. 
   Morning fecal samples were collected. A 
part was fixed in formalin saline for micro-
scopic examination as wet mount or modifi-

stain & permanent AF 
staining (Garcia, 2007). Second one was sto-
red at -20oC for copro-molecular assays.  
    Extraction of the genomic DNA was done 
by using QIAamp Stool Mini Kit (Qiagen, 
Germany) according to the manufacturer's 
instructions after 5 freeze/throw cycles; the 
obtained DNA yield was measured using 
spectrophotometer. 
   Cryptosporidium was genotyped by nested 
PCR amplification of an approximately 830 

bp fragment of SSU rRNA gene using pri-
mers for primary PCR; 18s (f1): TTCTAG 
AGCTAATACATGCG, 18s (R1): CCCAT 
TTCCTTCGAA & 18s(f2): GGA AGGGTT 
GTATTTATTAGATAAAG, 18s(R2): AAG 
GAGTAAGGAACAACCTCCA for second  
reaction. Standard nested PCR targeting the 
18S rDNA was done (Jiang et al, 2005) with 
mild modifications as the annealing temp-
erature for the primary reaction was 55oC & 
60oC for secondary one.  C. parvum and C. 
hominis, RFLP analysis of amplified PCR 
products by VspI was carried out after the 

 Amplified PCR 
and digested products were electrophoresed 
on 2% ethidium bromide-stained Agarose 
gel and visualized by the ultra-violet trans-
illuminator. 
  Statistical analysis: Data were coded and 
entered using the statistical package for the 
Social Sciences (SPSS) version 28 (IBM 
Corp., Armonk, NY, USA). Data was rec-
orded using frequencies (numbers) and 
relative frequencies (%). Chi square ( 2) test 
was performed for comparing categorical 
data, P-values less than 0.05 were consid-
ered as statistically significant.    
   Ethical statement: The study protocol was 
approved by the Ethics Committee Board, 
Kafrelsheikh University, according the rules 
of Helsinki 2000. 
 

Results 
   PCR amplified Cryptosporidium was 15 
(7.5%) & 23(11.5%) in immunocompetent 
& immunocompromised respectively. AF 
stain detected 11(5.5%) in immunocompe- 
tent & 18(9%) in immuno-compromised. 
Infection was common in rural areas in autu- 
mn and winter, with significance difference 
in age, mucous, abdominal pain, residence, 
& seasonal variation, with flatulence differe-
nce in immunocompromised (P < 0.05). 
  PCR/RFLP showed 2 genotypes: 9/15 
(60%) with genotype I (C. hominis), 6/15 
(40%) genotype II (C. parvum) in immunoc- 
ompetent &19/23 (82.6%) with C. hominis, 
4/23(17.4) C. parvum in immunocompromi- 
sed. Details are in tables (1, 2 & 3).   



 

119 
 

Table 1: Socio demographic, clinical and seasonal data among groups 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Microscopy, AF stain and copro-PCR results: 

Variations 
 Immunocompetent (N= 200) Immunocompromized (N=200) 

Count % Count % 

Microscopy 

Blastocystis hominis  9 4.5% 9 4.5% 
Entamoeba coli 1 0.5% 0 0.0% 
Entamoeba histolytica 7 3.5% 5 2.5% 
Giardia lamblia 11 5.5% 7 3.5% 
Cystoisospora belli 1 0.5% 8 4.0% 
No 171 85.5% 171 85.5% 

AF stain 
Yes 11 5.5% 18 9.0% 
No 189 94.5% 182 91.0% 

 PCR 
Yes 15 7.5% 23 11.5% 

 No 185 92.5% 177 88.5% 
 

Table 3: Relation between Cryptosporidium and symptoms, urban/rural and seasonal variability in both groups: 

 PCR positive cases 
Immunocompetent (N= 15) 

P value 
Immunocompromised (N= 23) 

P value 
Count % Count % 

Age 
12-20 0 0.0% 

0.022 
9 13.2% 

0.840 21-40 14 11.2% 10 10.6% 
41-60 1 3.4% 4 10.5% 

Sex 
male 6 6.1% 

0.444 
12 12.1% 

0.785 
female 9 8.9% 11 10.9% 

Blood 
yes 2 16.7% 

0.224 
5 23.8% 

0.074 
no 13 6.9% 18 10.1% 

Mucus 
yes 6 23.1% 

0.006 
9 28.1% 

0.004 
no 9 5.2% 14 8.3% 

Abdominal 
pain 

yes 15 11.0% 
0.003 

20 14.6% 
0.043 

no 0 0.0% 3 4.8% 

Flatulence 
yes 5 7.9% 

1 
14 18.7% 

0.014 
no 10 7.3% 9 7.2% 

vomiting 
yes 5 8.3% 

0.774 
9 14.1% 

0.436 
no 10 7.1% 14 10.3% 

Residence 
rural 10 14.9% 

0.005 
17 21.5% 

< 0.001 
urban 5 3.8% 6 5.0% 

Season 

spring 2 3.8% 

< 0.001 

2 3.8% 

< 0.001 
summer 0 0.0% 0 0.0% 

autumn 9 45.0% 15 62.5% 
winter 4 9.1% 6 13.3% 

 Variations 
Immunocompetent  (N= 200) Immunocompromized (N= 200) 

Count % Count % 

Age 
12-20 46 23.0% 68 34.0% 
21-40 125 62.5% 94 47.0% 
41-60 29 14.5% 38 19.0% 

Sex 
Male 99 49.5% 99 49.5%

Female 101 50.5% 101 50.5% 

Blood 
Yes 12 6.0% 21 10.5% 
No 188 94.0% 179 89.5% 

Mucus 
Yes 26 13.0% 32 16.0% 
No 174 87.0% 168 84.0% 

Abdominal pain 
Yes 136 68.0% 137 68.5% 
No 64 32.0% 63 31.5% 

Flatulence 
Yes 63 31.5% 75 37.5% 
No 137 68.5% 125 62.5% 

Vomiting 
Yes 60 30.0% 64 32.0% 
No 140 70.0% 136 68.0% 

Rural/Urban 
Rural 67 33.5% 79 39.5% 
Urban 133 66.5% 121 60.5% 

Season 

Spring 53 26.5% 52 26.0% 
Summer 83 41.5% 79 39.5% 
Autumn 20 10.0% 24 12.0% 
Winter 44 22.0% 45 22.5% 
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Discussion 
  

   In the present study, the PCR analysis sho-
wed a rate of 7.5% & 11.5% in immunoco-
mpetent and immunocompromised respect-
ively, but AF stain detected 5.5% in immu-
nocompetent and 9% in immunocomprom- 
ised patients. The reported prevalence of 
cryptosporidiosis varied between 0.0% and 
47% among studies carried out in immuno-
competent patients of various ages in several 
Egyptian areas (Helmy et al, 2013). Distri- 
bution of C. hominis and C. parvum in man 
varied by geographic region, as C. homin-
is tends to predominate in most parts of the 
world, especially in developing countries, 
but C. parvum was more frequent in the Mi-
ddle East and both species were common in 
the Europe (Xiao, 2010)   
   In immunocompetent adult, Sanders et al. 
(2005) and Abd El Kader et al. (2012) 
detected cryptosporidiosis in 5.7% & 4.6% 
respectively, slightly higher results (8.3%) 
was detected by. Rezk et al. (2001).  
Much lower results was detected in another 
study in Egypt where 2.5 and 3.3% detection 
rate in patient with liver diseases (Ramadan 
et al, 2015; Abo-Mandil et al, 2020). But, 
higher results were 22%, 30%, 32% & 36% 
Shrestha et al, 1993), and Hassan et al. 
(2002) detected 91 % in cancer patients. 
  The increased susceptibility to cryptospo-
ridiosis in chronic diseases may be due to 
the influence of impaired cellular immune 
response in these patients making them more 
susceptible to several opportunistic infecti-
ons, including Cryptosporidium spp. (Mousa 
et al, 2014). 
   In current study, there were significance 
difference between cryptosporidiosis and ag-
es with high prevalence among group 21-40 
years old. This may be related to sociodemo-
graphic differences, contact with contamin-
ated resources and/or occupational risks. 
Also, there was correlation between the pre-
sence of mucous, abdominal pain and flat-
ulence in cryptosporidial infected patients. 
This agreed with Chauret et al. (1999) who 

reported that gastrointestinal symptoms are a 
well-known risk factor for cryptosporidiosis. 
   In the present study, when comparing rates 
between urban and rural cases, a clear 
difference is documented with significantly 
higher rates within the rural population than 
the urban one. This agreed cryptosporidios- 
is infection in England, Paris and Switzerla- 
nd, which showed high prevalent in rural ar-
eas (Lake et al, 2009; Mons et al, 2009; Fu-
chslin et al, 2012) this may be due to cont- 
aminated water resources with domestic ani-
mals and/or directly contact with farm anim-
als and agriculture wastes, socioeconomic 
status, occupational risk, sanitary conditions, 
and higher population densities with a risk 
of person-to-person transmission as well 
(Castro-Hermida et al, 2008).  
   In the present study, Cryptosporidium tra-
nsmission occurred via autumn and winter 
seasons only. This agreed with Sulaiman et 
al. (2005), Natividad  et al. 2008) and Ada-
mu et al. (2010) who reported that cryptosp-
oridiosis was common in rainy and/ or cool 
seasons but, in Egypt Cryptosporidium was 
detected in Spring (El-Shazly et al, 2007; 
El-Badry et al, 2015), as well in USA (Yo-
der and Beach, 2007) 
  Difference in Cryptosporidium genotypes 
was related to the differences of infection 
sources as, human strain predominance was 
attributed to water resources contamination 
from different human activities with person-
to-person transmission, while the bovine 
strain was related to the agricultural pract-
ices related to calving and contamination of 
the water supply from the main reservoir; 
young livestock (Lal et al, 2012).  
  In this study, human strain was predomina-
ting in immunocompetent and immunocom-
promised. This agreed with Tumwine  et al. 
(2003), Gatei et al. (2003), Abd El Kader et 
al. (2012); Helmy et al. (2013) who found 
that C. hominis was more prevalent than C. 
parvum. But, Sulaiman et al. (2005), Yous-
sef et al. (2008); Eida et al. (2009) reported 
predominance of the C. parvum. 
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Conclusion 
   Molecular prevalence is the gold standa- 
rd to diagnose cryptosporidiosis. The comm-
onest Cryptosporidium among the immuno- 
competent and immunocompromised patie-
nts was C. hominis especially in rural areas 
during rainy and cool seasons.  
   Efforts to develop vaccine are limited by 
insufficient understanding of the immune re-
sponses mediating protection. Consequently, 
early diagnosis is the best to treat infection, 
molecular techniques data clarify crypotos-
poridiosis epidemiology to suggest feasible 
control programs.  
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