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INTRODUCTION                                                                 

Several disorders can compromise the immune 
systems of pediatric populations, making them 
more susceptible to a diversity of infections. These 
disorders may be inborn (primary) or acquired 
(secondary) deficiencies of immunity. Secondary 
immunodeficiency is more prevalent than primary 
immunodeficiency. The latter are caused by genetic 
defects affecting cells of the immune system. 
Infectious agents, medications, metabolic illnesses, 
and environmental variables can all influence a host 
with an innately normal immune system, resulting 
in secondary immunodeficiencies[1]. Infections in 
immunocompromised children remain a substantial 
cause of morbidity and mortality[2]. 

Cryptosporidium spp. and H. pylori pathogens are 
prevalent in pediatric populations in the first five 
years of life. Awareness about the parasitic protozoa 
Cryptosporidium spp. increased following several 
epidemics in developed countries[3]. Cryptosporidiosis 
commonly causes acute self-limiting diarrhea in 
immunocompetent individuals. In neonate and young 
infants. and immunocompromised individual's, 
infection  becomes  chronic  with  severe diarrhea    
leading  to  dehydration[4].  Cryptosporidiosis  
is  one  of the most prevalent illnesses among 
immunocompromised children presenting with 
diarrhea and was recognized by the WHO as one 
of the major causes of child and infant mortality 
in many developing countries[5]. Nevertheless, 
cryptosporidiosis is still miss-diagnosed and 
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ABSTRACT
Background: Immunocompromised children are more susceptible to a diversity of pathogens including 
norovirus, rotavirus, diarrheagenic Escherichia coli, Cryptosporidium spp. and Helicobacter pylori.
Objective: This study aimed to determine the detection rate of H. pylori and Cryptosporidium spp.; their 
co-infection in a hospital-based study of diarrheic immunocompromised children and their predictive risk 
factors; and to evaluate the diagnostic performance of the used assays.
Subjects and Methods: Fecal specimens were collected from 102 immunocompromised diarrheic children, 
with ages ranging from few months old to 16 years. All fecal samples were examined microscopically 
for detection of parasites, as well as immunologically and molecularly for detection of H. pylori and 
Cryptosporidium spp. Copro-antigens of Cryptosporidium and H. pylori were detected immunologically 
using rapid chromatographic copro-immunoassay tests. Amplification of H. pylori and Cryptosporidium 
copro-DNA was performed using the nPCR assay targeting genes encoding H. pylori urease A and 
Cryptosporidium oocysts wall protein (COWP). Amplified Cryptosporidium PCR products were digested by 
a restrictive enzyme to detect genotype. 
Results: H. pylori copro-DNA and copro-antigen were detected in 56 (54.9%) and 18 (17.6%) patients, 
respectively. Cryptosporidium copro-DNA, and copro-antigen were detected in 22 (21.6%), and 16 (15.8%) 
patients, respectively, while microscopy detected Cryptosporidium oocysts in only 6 patients (5.9%), with 
a clear predominance of anthroponotic C. hominis (81%). Cryptosporidium spp. and H. pylori co-infection 
occurred in 15.8% of patients. None of the studied variables had a significant association with any of the 
tested pathogens, neither separately nor combined.
Conclusion: There was a high detection rate of H. pylori and Cryptosporidium spp. and their co-existence in 
diarrheic immunocompromised children. Our study results highlight that PCR increased the sensitivity for 
the diagnosis of Cryptosporidium spp. and H. pylori. More research is needed to establish their relevance.
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neglected, particularly in developing countries[6]. 
Routine detection of Cryptosporidium oocysts 
commonly relies upon both microscopic examinations 
of stool samples stained with modified acid-fast (AF) 
stain[7] and immunoassays[8]. Cryptosporidium copro-
antigen detection is the most common immunoassay, 
either using immunochromatography test (ICT) or 
direct fluorescent antibody assay or sandwich-ELISA[8]. 
Molecular assays, particularly PCR-based assays, 
accurately detect and characterize Cryptosporidium 
spp.[9].

On the other hand, H. pylori is one of the most 
prevalent pathogens in gastro-duodenal diseases. The 
infection is usually acquired during early childhood 
and causes chronic gastritis in children[10]. It can also 
cause extra–gastrointestinal diseases, especially 
in immunocompromised individuals[11]. Several 
diagnostic tests for the detection of H. pylori infection 
are available; each has its own set of benefits and 
drawbacks. None of them can be regarded a gold 
standard because of their low sensitivity or specificity. 
Combining multiple tests, such as urease enzyme 
production test[12], microscopy, bacterial isolation, and 
PCR, typically results in an acceptable diagnosis. These 
methods, on the other hand, are invasive methods 
that require endoscopy and biopsy. They are costly, 
and only appropriate for tertiary level laboratories. 
Because invasive procedures have their drawbacks, 
numerous non-invasive diagnostics such as urea 
breath test, serology, and detection of H. pylori-antigen 
and H. pylori-DNA in stool were developed to identify 
H. pylori[12]. 

Cryptosporidiosis and H. pylori infections share the 
same transmission route of infection and are associated 
with socioeconomic hygienic habits[13]. In general, 
chronic H. pylori infection in childhood increases 
stomach acidity due to the inflammation of antral cells. 
Urease produced by H. pylori decreases stomach acidity 
that helps intestinal parasites and bacteria to colonize 
the gastrointestinal tract[14].

Our study aimed to determine the detection rates 
of Cryptosporidium spp. and H. pylori and their co-
infection in diarrheic immunocompromised children; 
evaluate the diagnostic performance of different 
diagnostic methods and highlight the predictive risk 
factors for Cryptosporidium spp. and H. pylori as well as 
their co-infection.

 SUBJECTS AND METHODS                                                                 

This hospital-based study was conducted at the 
Laboratory of Molecular Medical Parasitology (LMMP) 
and the Diagnostic and Research Unit of Parasitic 
Diseases (DRUP), Kasr Al-Ainy Faculty of Medicine, 
Cairo University, during the period from December 
2016 to October 2017.

Study design: Stool samples collected from 
immunocompromised diarrheic children were 
examined for detection of Cryptosporidium spp. 
Rapid chromatographic copro-immunoassay tests, 
and PCR assays were used for immunological and 
molecular detection of Cryptosporidium spp. and H. 
pylori. Amplified Cryptosporidium PCR products were 
genotyped.

Target population: The target group for the present 
study was children between the ages of less than 
one year to 16 years old suffering from diarrhea. Our 
study populations were either primary or secondary 
immunodeficiency disorders from Pediatric Allergy 
and Immunology Department, at Abu El Reesh Cairo 
University Pediatrics Hospital, Kasr-Al–Ainy Faculty 
of Medicine, Cairo University. A total of 102 diarrheic 
stool samples were collected.

Stool specimen and data collection: Fresh single 
fecal specimens were collected from each child and 
the related sociodemographic and clinical data were 
collected using a questionnaire. 

Stool specimen processing: Collected fecal specimens 
were examined microscopically, then processed using 
immune and molecular assays to detect copro-antigen 
and copro-DNA for both Cryptosporidium and H. pylori.

Copro-parasitological microscopy: All collected 
stool specimens were microscopically examined for 
intestinal parasites by using direct wet mount before 
and after double concentration of fecal specimens[15]. 
Fecal smears were stained by modified acid-fast (AF) 
stain for detection of Cryptosporidium oocyst[16]. 

Copro-immunoassay: Rapid chromatographic copro-
immunoassay tests (ICT) were utilized for the detection 
of Cryptosporidium copro-antigen (RIDA QUICK Art. No. 
N1203)[17] and H. pylori copro-antigen (CTK Biotech, 
USA) according to the directions of the manufacturer[18].

Copro-nested PCR assay: Copro-DNA was extracted 
using the Favor Stool DNA Spin Columns Isolation 
Mini Kit (Favorgen Biotech Corporation, Taiwan) 
according to the manufacturer's directions[18], after the 
initial thermal shock composed of cycles of freezing 
and thawing of fecal specimens at 95°C, to disrupt 
the Cryptosporidium oocyst wall[17]. The samples were 
placed in liquid nitrogen in a foam tube rack for 5 min 
then transferred to a water bath at 95°C for 5 min (10 
cycles).

Amplification of H. pylori and Cryptosporidium 
copro-DNA was performed using the nPCR assay 
targeting genes encoding H. pylori urease A and 
Cryptosporidium oocysts wall protein (COWP) (Table 
1). Each reaction was performed using a PCR mix: 
12.5 μl PCR Master Mix (Thermo Scientific, UK), 1 μl 
of 200 nmol/l of each forward and reverse primer, 
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2.5 μl of template DNA, 0.1 μl Taq polymerase (5 U/
μl) and 7.9 μl of sterile distilled water to complete a 
total volume of 25 μl. Reactions were performed in a 
gradient thermal cycler (thermo-cycler, Biometra; 
Applied Biosystems, California, USA) after adjusting 
the thermal profile to initial denaturation at 95°C for 4 
min, followed by 30 cycles of amplification. Each cycle 
consisted of denaturation at 94°C for 60 sec, annealing 
at 65°C for 60 sec and extension at 72°C for 60 sec. 
Final elongation was performed at 72°C for 10 min. The 
second-round PCR was identical to the first-round PCR 
except for denaturation at 94°C for 50 sec, annealing 
at 54°C for 30 sec, and extension at 72°C for 50 sec for 
Cryptosporidium[19,20].

For H. pylori, each reaction was performed after 
adjusting the thermal profile to initial denaturation at 
95°C for 3 min, followed by 35 cycles of amplification. 
Each cycle consisted of denaturation at 94°C for 60 sec, 
annealing at 57°C for 60 sec and extension at 72°C for 1 
min and 30 sec. Final elongation was performed at 72°C 
for 5 min for both rounds[21]. The nPCR-based assays 
were done using two sets of 2 primer pairs, where 
the first set of the primer pairs was used to produce 
the DNA template for the nested reaction. The second 
set of primer pairs was used to anneal the previously 
obtained amplicon (293 and 769 bp for H. pylori 
and Cryptosporidium, respectively), to increase the 
specificity of H. pylori and Cryptosporidium detection. 
Products of 2ry PCR (200 and 533 bp for H. pylori and 
Cryptosporidium, respectively) were electrophorized 
on 1.5% agarose gel after ethidium bromide staining 
and observed on a UV transilluminator. 

Cryptosporidium genotyping: Restriction fragment 
length polymorphisms (RFLP) technique was 
used for Cryptosporidium genotyping. Amplified 
Cryptosporidium nPCR products were digested by the 
restrictive enzyme RasI (Thermo Scientific) 2 μl green 
buffer, and 17 μl nuclease-free water to reach a volume 
of 30 μl. The mix was mixed gently followed by spinning 
down for a few sec and then incubated at 37°C for 5 
min and the resulting restriction fragments were then 
separated by electrophoresis in 3% metaphor agarose 
followed by ethidium bromide staining to detect 
Cryptosporidium genotypes[19,20]. 

Statistical analysis: Data were coded and entered 
using the statistical package of social science (IMB SPSS) 
version 20 (Chicago, IL, USA) for statistical analysis. 
The qualitative and quantitative data were presented, 
and the chi-square test and Fisher’s exact test were 
used to compare groups when applicable. Diagnostic 
yield (specificity and sensitivity), accuracy, and Kappa 
agreement of the diagnostic tests were conducted. 
All variables significantly associated with H. pylori, 
Cryptosporidium spp. prevalence and co-infection in the 
univariate model were included in multivariate logistic 
regression. Significance was statistically considered 
when P value was <0.05.

Ethical considerations: This study was approved by 
the Genetic Engineering and Biotechnology Research 
Institute, Sadat City University. All samples were 
collected after obtaining parents' or guardians' consent 
who were informed about the study objectives. The 
treating physicians were informed with the study 
results to prescribe the appropriate treatment to the 
infected children.

 RESULTS                                                                 

Our study included 102 immunocompromised 
diarrheic children, 50 with primary immunodeficiency, 
and 52 with secondary immunodeficiency. The mean 
age was 3.8±2.4; 39.2% were girls and 60.8% were 
boys; 56.9% were from urban areas; 90.2% used 
tap water, and 33.3% consumed raw milk daily. The 
majority of children were in the pre-school age group 
(41.2%). 

Cryptosporidium spp. and H. pylori prevalence 
and diagnostic performance of used assays: 
Cryptosporidium oocysts were detected in 6 (5.9%) 
patients, with modified AF stain, while ICT detected 
Cryptosporidium copro-antigen in 12 (11.8%) 
patients, and nPCR detected Cryptosporidium DNA in 
22 (21.6%) patients. Upon analyzing cowp gene and 
RFLP for Cryptosporidium spp., C. hominis was the 
predominant species (81.8%), followed by C. parvum 
(18.2%). The diagnostic performance and accuracy 
of the used Cryptosporidium diagnostic methods used 

Table 1. Used primers targeting genes encoding H. pylori urease A and Cryptosporidium COWP genes.

Pathogen Primer Sequence Product size

H. pylori
1ry Forwaed: 5'-ATATTATGGAAGAAGCGAGAGC-3'

Reverse: 5'-ATGGAAGTGTGAGCCGATTTG-3' 293 bp

2ry Forwaed: 5'-CATGAAGTGGGTATTGAAGC -3'
Reverse: 5'-AAGTGTTGAGCCGATTTGAACCG-3' 200 bp

Cryptosporidium spp.
1ry Forwaed: 5´-ACCGCTTCTCAACAACCATCTTGTCCTC-3´

Reverse: 5´-CGCACCTGTTCCCACTCAATGTAAACCC-3´ 769 bp

2ry Forwaed: 5´-GTAGATAATGGAAGAGATTGTG-3´
Reverse: 5´-GGACTGAAATACAGGCATTATCTTG-3´ 553 bp
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were calculated (Table 2). H. pylori copro-antigen 
was detected in 18 (17.6%) patients using ICT, and 
H. pylori copro-DNA was detected in 56 (54.9%) 
patients using nPCR. The diagnostic performance 
and accuracy of H. pylori diagnostic methods were 
calculated (Table 2). Furthermore, more than half 
of the immunocompromised children had H. pylori 
(54.9%). One-fifth of the immunocompromised 
children had Cryptosporidium (22 patients), 72.2% (16 

cases) of which were coinfected with H. pylori without 
significant association.

The association of sociodemographic and clinical 
variables with cryptosporidiosis and H. pylori 
infection: The association of sociodemographic and 
clinical variables with each pathogen and their co-
infection rate was statistically analyzed to identify 
shared risk factors (Tables 3-5). None of the studied 

Table 3. Socio-demographic and clinical data of nPCR positive cases for Cryptosporidium spp.

Variables
Samples Positive Statistical analysis

N (%) N (%) OR 95% CL P value

Age group (Year)
<1
>1-5
>5-12
>12-16

18 (17.6)
42 (41.2)
20 (19.6)
22 (21.6 )

2 (9.1)
12 (54.5)
4 (18.2)
4 (18.2)

1.13 0.30-4.32 0.73

Sex Male
Female

62 (60.8)
40 (39.20)

16 (72.7)
6 (27.3) 1.97 0.45-8.55 0.49

Immunodeficiency Primary
Secondary

50 (49.0)
52 (51.0)

8 (36.36)
14 (63.63) 1.13 0.30-4.32 0.86

Residence Urban
Rural

58 (56.9)
44 (43.1)

12 (54.5)
10 (45.5) 1.93 0.49-7.66 0.34

Water source Tap
Filtered

92 (90.2)
10 (9.8)

18 (81.8)
4 (18.2) 2.74 0.40-18.92 0.29

Milk source

No milk
Raw (cow milk)
Pasteurized milk
Breastfeeding
Industrial milk

16 (15.7)
34 (33.3)
30 (29.4)
14 (13.7)

8 (7.8)

0 (0.0)
8 (36.4)

12 (54.5)
2 (9.1)
0 (0.0)

N/A N/A 0.16

Animal contact No
Yes

100 (98.04)
2 (1.96)

20 (90.9)
2 (9.1) 0.2 0.12-0.35 0.22

Clinical symptoms

Vomiting No
Yes

62 (60.8)
40 (39.2)

12 (54.5)
10 (45.5) 1.39 0.36-5.35 0.63

Fever No
Yes

68 (66.7)
34 (33.3)

14 (63.63)
8 (36.36) 1.18 0.29-4.79 0.81

Dehydration No
Yes

92 (90.2)
10 (9.8)

18 (81.8)
4 (18.2) 2.74 0.4-18.92 0.29

Constipation No
Yes

98 (96.1)
4 (3.9)

20 (90.9)
2 (9.1) 3.9 0.22-67.93 0.32

Abdominal 
pain

No
Yes

12 (11.8)
90 (88.2)

2 (9.1)
20 (90.9) 1.43 0.15-13.68 0.76

Growth
Normal
Weight loss
Retard

28 (27.5)
66 (64.7)

8 (7.8)

2 (4.1)
18 (81.8)

2 (4.1)
N/A N/A 0.3

Total 102 (100) 22 (100)

Table 2. Diagnostic performance of conventional methods for detection of Cryptosporidium spp. and H. pylori using nPCR as a 
reference standard.

Cryptosporidium spp. H. pylori
Microscopy (AF stain) ICT ICT

Sensitivity
Specificity
Positive predictive value (PPV)
Negative predictive value (NPV)
Accuracy
Kappa*

27.3%
100%
100%
83.3%
84.3%

0.37

54.5%
95%
75%

88.4%
86.3%

0.55

34.6%
100%
100%
59.5%
66.7%

0.34
*Key for Kappa: ˂0 poor agreement; 0.01-0.20 slight agreement; 0.21-0.40 fair agreement; 0.41-0.60 moderate agreement; 0.61-
0.80 substantial agreement; >0.80 almost perfect agreement.
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Table 4. Socio-demographic and clinical data of nPCR positive cases for H. pylori.

Variables
Samples Positive Statistical analysis

N (%) N (%) OR 95% CL P value

Age group (Year)

<1
>1-5
>5-12
>12-16

18 (17.6)
42 (41.2)
20 (19.6)
22 (21.6 )

8 (14.3)
28 (50.0))
14 (25.0)
6 (10.7)

N/A N/A 0.12

Sex Male
Female

62 (60.8)
40 (39.20)

16 (28.6)
40 (71.4) 2.72 0.86- 8.69 0.15

Immunodeficiency Primary
Secondary

50 (49.0)
52 (51.0)

28 (50.0)
28 (50.0) 0.91 0.31-2.76 0.88

Residence Urban
Rural

58 (56.9)
44 (43.1)

30 (53.6)
26 (46.4) 1.35 0.44-4.13 0.6

Water source Tap
Filtered

92 (90.2)
10 (9.8)

50 (89.3)
6 (10.7) 1.26 0.19- 8.27 0.81

Milk source

No milk
Raw (cow milk)
Pasteurized milk
Breastfeeding
Industrial milk

16 (15.7)
34 (33.3)
30 (29.4)
14 (13.7)

8 (7.8)

10 (17.8)
22 (39.3)
20 (35.7)

2 (3.6)
2 (3.6)

N/A N/A 0.1

Animal contact No
Yes

100 (98.04)
2 (1.96)

56(100.0)
0 (0.0) 0.44 0.32- 0.60 0.45

Clinical symptoms

Vomiting No
Yes

62 (60.8)
40 (39.2)

30 (53.6)
26 (46.4) 1.89 0.62-6.31 0.24

Fever No
Yes

68 (66.7)
34 (33.3)

38 (67.8)
18 (32.2) 0.89 0.28- 2.86 0.84

Dehydration No
Yes

92 (90.2)
10 (9.8)

52 (92.8)
4 (7.8) 0.52 0.08-3.37 0.48

Constipation No
Yes

98 (96.1)
4 (3.9)

54 (96.4)
2 (3.6) 0.82 0.05– 13.76 0.89

Abdominal 
pain

No
Yes

12 (11.8)
90 (88.2)

8 (14.3)
48 (85.7) 0.57 0.95 –3.44 0.54

Growth
Normal
Weight loss
Retard

28 (27.5)
66 (64.7)

8 (7.8)

16 (28.6)
34 (60.7)
6 (10.7)

N/A N/A 0.55

Total 102 (100) 22 (100)

variables had a significant association with any of the 
tested pathogens (H. pylori and Cryptosporidium spp.), 
neither separately nor combined.

The seasonal distribution of each pathogen and their 
co-infection were detected throughout the 4 seasons, 

with a clear peak in summer for Cryptosporidium spp., 
H. pylori, and co-infection (Figure 1), without statically 
significant association (P value = 0.932, 0.911, 0.438 
respectively).

Fig. 1. Seasonal distribution of the percentage of cases of Cryptosporidium spp., H. pylori, and co-infection among diarrheic children 
positive by PCR.
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DISCUSSION                                                                 

Diarrhea is one of the most common gastrointestinal 
symptoms among immunocompromised children, 
especially those receiving chemotherapy[5]. Recently, 
diarrhea was recognized as the second leading cause 
of death for children 0-5 years of age[21]. In the current 
study, enteric pathogens, H. pylori and Cryptosporidium, 
had a high prevalence rate among studied diarrhoeic 
immunocompromised children and 16 (15.7%) of them 
had H. pylori and Cryptosporidium spp co-infection. H. 
pylori is the most prevalent enteric bacteria, which is 
commonly acquired in early childhood[22]. 

In the present study, the enteric pathogens 
revealed that 72.7% of children infected by 
Cryptosporidium were co-infected with H. pylori 
without a statistically significant association. Both H. 
pylori and Cryptosporidium infections are localized 
in the gastrointestinal tract (stomach and small 
intestine respectively); infections are acquired feco-

orally, mainly during early childhood[13]. Ibrahim 
et al.[13] reported the presence of an association 
between Cryptosporidium and H. pylori in diarrheic 
immunocompetent Egyptian children. H. pylori is the 
most common enteric bacterium in previous studies, 
it has a supportive role to other pathogens, including 
intestinal parasites, especially Giardia intestinalis, by 
depending on its urease enzyme production, which 
overcomes gastric acidity[13]. In contrast, parasitic 
infections lead to inflammatory responses that may 
reduce H. pylori infection rate[23]. While H. pylori 
supports colonization of enteric parasites, in contrast 
parasites do not support H. pylori colonization.

In our study, AF stain detected Cryptosporidium 
oocysts only in 6 (5.9%) of 22 children with poor 
sensitivity (27.3%), and with high false-negative 
results (16 cases) and perfect specificity (100%). 
Several studies reported similar findings; AF stain 
may give false-negative results due to low parasitic 
load, irregular excretion and small size of oocysts, 

Table 5. Socio-demographic and clinical data of nPCR positive cases for H. pylori and Cryptosporidium spp. co-infected cases.

Variables
Samples Positive Statistical analysis

N (%) N (%) OR 95% CL P value

Age group (Year)
<1
>1-5
>5-12
>12-16

18 (17.6)
42 (41.2)
20 (19.6)
22 (21.6)

2 (12.5)
8 (50.0)
4 (25.0)
2 (12.5)

N/A N/A 0.48

Sex Male
Female

62 (60.8)
40 (39.20)

12 (75.0)
4 (25.0) 2.16 0.40-11.96 0.46

Immunodeficiency Primary
Secondary

50 (49.0)
52 (51.0)

13 (81.2)
3 (18.8) 1.75 0.37–8.24 0.48

Residence Urban
Rural

58 (56.9)
44 (43.1)

8 (50.0)
8 (50.0) 1.39 0.31–6.30 0.67

Water source Tap
Filtered

92 (90.2)
10 (9.8)

14 (87.5)
2 (12.5) 1.39 0.14–14.38 0.78

Milk source

No milk
Raw (cow milk)
Pasteurized milk
Breastfeeding
Industrial milk

16 (15.7)
34 (33.3)
30 (29.4)
14 (13.7)

8 (7.8)

0 (0.0)
6 (37.5)

10 (62.5)
0 (0.0)
0 (0.0)

N/A N/A 0.13

Animal contact No
Yes

100 (98.04)
2 (1.96)

16 (100.0)
0 (0.0) 0.84 0.74-0.95 0.66

Clinical symptoms

Vomiting No
Yes

62 (60.8)
40 (39.2)

8 (50.0)
8 (50.0) 1.69 0.37-7.97 0.49

Fever No
Yes

68 (66.7)
34 (33.3)

10 (62.5)
6 (37.5) 1.24 0.25-5.96 0.76

Dehydration No
Yes

92 (90.2)
10 (9.8)

14 (87.5)
2 (12.5) 1.78 0.14-14.38 0.78

Constipation No
Yes

98 (96.1)
4 (3.9)

14 (87.5)
2 (12.5) 6.0 0.36-107.42 0.17

Abdominal 
pain

No
Yes

12 (11.8)
90 (88.2)

2 (12.5)
14 (87.5) 0.92 0.09-9.13 0.94

Growth
Normal
Weight loss
Retard

28 (27.5)
66 (64.7)

8 (7.8)

2 (4.1)
18 (81.8)

2 (4.1)
N/A N/A 0.55

Total 102 (100) 22 (100)
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true burden of Cryptosporidium is underestimated[36]. 
In our study, 66.7% of cases with Cryptosporidium spp., 
H. pylori, or their co-existence suffered from weight 
loss, and 7.8% showed growth retardation without 
statistical significance.

The association between H. pylori infection and 
upper gastrointestinal symptoms is debatable in 
childhood[37]. The enteric pathogen Cryptosporidium 
and H. pylori are commonly associated with 
gastrointestinal symptoms, mainly abdominal pain 
and diarrhea that may be considered as predictors 
for the presence of enteric pathogens[38]. Among our 
hospital-based study of diarrheic children, abdominal 
pain was the most prevalent GIT symptom, followed by 
vomiting. However, none of the GIT symptoms showed a 
significant association between either Cryptosporidium 
spp., H. pylori, or both of them.

It was concluded that enteric infection by 
Cryptosporidium spp. and H. pylori is common in our 
chosen study group of immunocompromised diarrheic 
Egyptian children, with co-existence in most patients, 
and a clear predominance of C. hominis. Microscopy and 
ICT tests were limited by their low sensitivity, which 
may lead to misdiagnosis. Based on these findings, using 
molecular assays to search for Cryptosporidium spp. and 
H. pylori in the diarrheic stool of immunocompromised 
children is recommended. Due to disturbance in gastric 
acidity associated with H. pylori its co-existence with 
Cryptosporidium may provide a good understanding 
of the correlation between different gut microbiota. 
The actual underlying mechanisms are still unknown. 
Further studies are still required to know more 
about the mechanisms of the pathogenesis of this co-
existence. 
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