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ABSTRAK

Latar belakang: Diare merupakan masalah kesehatan 
tersering pada bayi dan anak kecil yang disebabkan oleh 
berbagai mikroba seperti Cryptosporidium spp. dan rotavirus, 
yang biasanya salah terdiagnosis  dengan tes feses konvensional. 
Penelitian ini untuk mengevaluasi insidens gastroenteritis 
pada anak akibat Cryptosporidium and rotavirus di Erbil dan 
mengevaluasi efikasi vaksinasi rotavirus.

Metode: Spesimen feses diambil dari 400 anak berusia 1 
bulan sampai 5 tahun di Rumah Sakit Anak Raparin, Erbil 
yang mengalami diare dalam rentang waktu Januari–Agustus 
2014. Pemeriksaan modifikasi Ziehl Neelsen dan nested PCR 
dilakukan untuk mendeteksi cryptosporidiosis, sedangkan 
pemeriksaan CerTest untuk infeksi rotavirus.

Hasil: Tingkat deteksi cryptosporodiosis dengan PCR jauh lebih 
tinggi dari pewarnaan Ziehl-Nielsen (0% vs 6%), dan infeksi 
sedikit lebih tinggi pada anak laki-laki (6,25% vs 5,55%) dan 
anak <2 tahun (11,7%). Puncak infeksi terjadi selama musim 
semi (Maret–April, 9,5%). Tingkat deteksi rotavirus (32,0%) 
sedikit lebih tinggi pada laki-laki (34,4% vs 30,0%) dan anak 
usia 1 sampai 3 tahun (39,3%). Tingkat deteksi tertinggi 
(38,6%) terjadi selama musim dingin (Januari dan Februari). 
Infeksi lebih tinggi bermakna pada anak yang tidak divaksin 
(65,9% vs 14,1%, p<0,05).

Kesimpulan: Insidens cryptosporidiosis mengalami penurunan 
tetapi gastroenteritis akibat rotavirus cukup banyak terjadi pada 
anak-anak di Erbil. Vaksin rotavirus menurunkan insidens infeksi 
akibat rotavirus secara bermakna.

ABSTRACT

Background: Watery diarrhea is the most common medical 
problem among infants and young children, caused by 
different microbial etiology including Cryptosporidium 
spp. and rotavirus, which are usually misdiagnosed in 
conventional stool test. This study aimed to investigate the 
incidence of Cryptosporidium and rotavirus gastroenteritis 
among children in Erbil as well as evaluate the efficacy of 
rotavirus vaccination procedure applied in Erbil.

Methods: Fecal specimens were collected from 400 children 
(boys and girls), aged one month to five years old, who 
attended Raparin Pediatrics Hospital in Erbil complaining 
from diarrhea, between January to August 2014. Modified 
Ziehl Neelsen technique and nested PCR were used for 
detection of cryptosporidiosis while rotavirus infection was 
detected by rapid CerTest.

Results: Rate of detection of cryptosporidiosis was 
remarkably higher using PCR than Ziehl-Neelsen stain (0% 
versus 6%), and the infection was slightly higher among boys 
(6.25% vs 5.55%) and children ≤2 years (11.7%). The peak 
of infection reached during spring season (March and April) 
(9.5%). The detection rate of rotavirus was 32.0%, which was 
slightly higher among males (34.4% vs 30.0%) and in children 
between one to three years old (39.3%). The highest detection 
rate (38.6%) was recorded during winter season (January and 
February). The infection was significantly higher among non-
vaccinated children (65.9% vs 14.1%; p<0.05).

Conclusion: The incidence of cryptosporidiosis is declining. 
However, rotavirus gastroenteritis was relatively high 
among young children in Erbil. Rotateq vaccine significantly 
reduced the incidence of rotavirus infection.
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Acute gastroenteritis or diarrhea is defined 
as the excretion of liquid stools three or more 
times a day. According to studies conducted by 
World Health Organization (WHO),  diarrhea 
is estimated to be the second highest cause 
of morbidity and mortality among children 
in developing countries,1 for which there 
are various etiological agents in endemic 
areas such as bacteria, viruses, and parasites. 
Cryptosporidiosis is an enteric parasitic infection 
affecting a wide range of hosts, including 
humans, domestic and wild animals. It is also 
the most common cause of waterborne disease 
around the world.2

Successful management and prevention of this 
emerging disease requires knowledge of the 
diversity of species causing human disease and 
their zoonotic source. It commonly appears 
as intestinal infection in acquired immune-
deficiency syndrome (AIDS) patients causing 
fatal diarrheal illness. It may also infect biliary 
system and respiratory tract. Children younger 
than five years of age are more commonly 
infected mainly in developing countries 
due to their immunological immaturity and 
their unhygienic behavior.3 Epidemiological 
studies reported that cryptosporidiosis is 
more prevalent in developing countries 
(5%–10%) than in developed countries (1%–
3%).4–6 Cryptosporidium spp. oocysts contain 
sporozoites which are the infectious forms 
excreted in feces of infected host. Humans 
acquire infections through direct contact with 
infected persons (anthroponotic transmission); 
animals (zoonotic transmission) or through 
ingestion of contaminated food or water.3

Rotaviruses are the most common cause of 
viral gastroenteritis in newborns and young 
children both in developing and developed 
countries. Studies have reported that each year 
rotavirus causes about 111 million episodes 
of diarrhea requiring only home care, two 
million hospitalizations and 400,000 deaths in 
children under five years of age; 82% of which 
occurs in children in the poorest countries.7 
In Iraq, the mortality rate in children younger 
than five years of age was reported to be 130 
per 1,000 for boys and 120 per 1,000 for 
girls in 2003.8 In Erbil governorate, very little 
information concerning rotavirus infection and 
Cryptosporidium gastroenteritis is available. 

Both infections cause profuse watery diarrhea 
in young children and are usually misdiagnosed 
because they cannot be detected by conventional 
stool test.

In the current study, we intended to investigate 
the incidence of rotavirus and Cryptosporidium 
gastroenteritis among children in Erbil in 
relation to demographic parameters and seasonal 
distribution as well as to evaluate the efficacy of 
rotavirus vaccine and vaccination procedure 
applied in Erbil. 

METHODS

Design, setting, and duration of the study
This descriptive, cross sectional study was 
conducted in Erbil (capital city of Iraqi 
Kurdistan Region) with a population of around 
1,370,000 inhabitants. The study population 
included 400 children complaining from sever 
watery diarrhea. The patients were from both 
genders, with ages ranging from one month 
to five years old. Patients (who passed watery 
or loose stools >3 times per day for >3 days) 
attending Raparin Pediatric Hospital in Erbil 
from January to August 2014, were included in 
this study. 

This health service provider is a teaching 
hospital serves a population of ≈1.7 million 
(including refugees who dislocated from 
other Iraqi provinces). A careful history was 
obtained via a direct interview with the parents 
in which, basic demographic, epidemiologic, 
clinical information, and vaccination status 
were collected and stated in a closed-ended 
questionnaire sheet designed for such purpose. 
This project has been approved by the ethics 
committee in the College of Medicine, Hawler 
Medical University, and informed consent has 
already been obtained from their parents.

Collection and processing of fecal specimens 
Fecal specimens were collected from the 
patients in clean, sterile, tightly covered wide 
mouth, disposable plastic containers. Each 
container was labeled with a number, date, 
and name of each subject. Furthermore, each 
fecal sample was divided into two parts by 
a clean and sterile wooden application. One 
used directly for macroscopic examination, 
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direct wet mount preparation, modified Ziehl-
Neelson technique (for detection of excreted 
Cryptosporidium spp. oocysts) and certest for 
detection of rotavirus infection whereas the 
second sample was kept frozen for molecular 
detection of cryptosporidiosis. Modified Ziehl-
Neelsen staining technique was performed in 
accordance of Casemore.9 The CerTest rotavirus 
(CerTest  biotec, Spain) was used for qualitative 
detection of rotavirus in stool samples. This 
test is one step colored chromatographic 
immunoassay. Rotavirus was detected in the 
fecal specimens following the instructions 
provided by the manufacturer. Fifty fecal 
samples that revealed negative tests for 
rotavirus and for cryptosporidiosis by modified 
Ziehl-Neelsen technique were selected to be 
tested by polymerase chain reaction (PCR).

Molecular detection of cryptosporidiosis
Extraction of DNA
Deoxyribonucleic acid (DNA) was extracted 
from the fecal specimens using QIAamp DNA 
Stool Mini Kit (Qiagen, Germany). The extraction 
procedure was performed following the protocol 
provided by the manufacturer. 

Polymerase chain reaction (PCR)
Nested PCR was performed to amplify 18S 
ribosomal ribonucleic acid (RNA)  gene as described 
elsewhere.10 Primary amplification was carried out 
using the primers 5’-TTCTAGAGCTAATACATGCG 
3’(F), and 5’CCCTAATCCTTCGAAACAGGA-3’ 
(R). The amplification products was then 
subjected to second PCR using the primers 
5’-GGAAGGGTTGTATTTATTAGATAAAG-3’ (F), 
and 5’-AAGGAGTAAGGAACAACCTCCA-3’ (R). In 
both PCR rounds, the master mix involved 1.5 
μL of primers, 1.5 μL of DNA sample and 47 μL 
of PCR reaction mixture (taqDNA polymerase, 
PCR buffer, dNTPs, gel loading dyes and novel 

green). The amplification was performed using 
PCR Thermal cycler (Eppendrof master cycle, 
France). Amplification protocol was consisted of 
40 cycles of initial denaturation 30 seconds at 
98°C, denaturation 10 seconds at 98°C, annealing 
30 seconds at 55°C, extension 30 seconds at 
72°C, and final extension 10 minutes at 72°C. 
Nested PCR amplification process consisted of 
45 cycles of initial denaturation 30 seconds at 
98°C, denaturation 10 seconds at 98°C, annealing 
30 seconds at 61.4°C, extension 30 seconds at 
72°C, and final extension 10 minutes at 72°C. The 
amplification products were detected on 1.5% 
agarose gel electrophoresis.

Statistical analysis
The collected data were statistically analyzed 
using statistical package for social sciences (SPSS) 
version 17 software. The association of two or 
more categorical variables was assessed by Chi-
square test. Count and percentages were used 
to describe the frequency of different variables 
between all possible paired combinations of 
study groups. p≤0.05 was considered statistically 
significant.

RESULTS

Out of 400 stool samples that were collected 
from children who experienced gastroenteritis, 
all showed negative results for cryptosporidiosis 
by modified Ziehl-Neelsen technique. However, 
three samples (6%) out of fifty that were tested 
by PCR targeting 18 S rRNA gene, revealed 
positive bands at 550 bp (Figure 1). On the 
other hand, rotavirus infection was found to 
be positive in 128 (32.0%) of 400 cases. The 
incidence of cryptosporidiosis was almost 
similar among children who were from urban 
and rural areas. In contrast, rotavirus infection 

 

 

1 3 2 L L L 

Figure 1. A, B, C, show the results of nested second round PCR using outer primers 5'-TTCTAGAGCTAATACATGCG 3'(F), 5'CCCTA-
ATCCTTCGAAACAGGA-3' (R) and inner primers 5'-GGAAGGGTTGTATTTATTAGATAAAG - 3' (F), and 5'-AAGGAGTAAGGAA-
CAACCTCCA-3' (R).Three positive bands (1, 2, 3) were detected at 550 bp region. L: 100 bp DNA ladder

A B C
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Cryptosporidiosis Rotavirus infection
No. of examined samples No. of positive (%) No. of examined samples No. of positive (%)

Residency p>0.05 P < 0.05
Urban 35 1 (2.8) 295 102 (34.6)
Rural 18 2 (8.6) 105 26 (24.7)
Total 50 3 (6.0) 400 128 (32.0)

Table 1. Frequency of cryptosporidiosis and rotavirus infection according to residency

Cryptosporidiosis Rotavirus infection

No. of examined 
samples

No. of positive 
(%)

No. of examined 
samples

No. of positive 
(%)

Gender p>0.05 p>0.05
Male 32 2 (6.25) 180 62 (34.4)
Female 18 1 (5.55) 220 66 (30.0)
Total 50 3 (6.0) 400 128 (32.0)

Age group p>0.05 p<0.05
≤2 year 17 2 (11.7) 109 34 (31.1)
2–3 year 22 1 (4.54) 193 76 (39.3)
3–5 year 11 0 98 18 (18.3)
Total 50 3 (6.0) 400 128 (32.0)

Season p>0.05 p<0.01
January and February 10 0 168 65 (38.6)
March and April 21 2 (9.52) 140 51 (36.4)
May and June 19 1 (5.26) 92 12 (13.0)
Total 50 3 (6.0) 400 128 (32.0)

Table 2. Gender, age and seasonal distribution of cryptosporidiosis and rotavirus infection

Vaccination status No. of 
samples

No. of 
positive (%)

One vaccine 43 26 (60.4) p<0.01
Two vaccine 67 37 (55.2) p<0.01
Three vaccine 152 37 (24.3) p<0.01
Total vaccinated 262 100 (38.2) p<0.01
Non-vaccinated 138 91 (65.9) p<0.01

Table 3. Incidence change of rotavirus Gastroenteritis 
among 400 children in response to vaccination

was significantly (p<0.05) higher among 
children who were from urban. 

The frequency of infection for cryptosporidiosis and 
rotavirus infection among infected children was 
higher among males (6.25%, 34.4%, respectively) 
than females (5.55%, 30.0%, respectively) (Table 
2). Cryptosporidiosis was higher through March 
and April (9.52%). In contrast, rotavirus infection 
was significantly (p<0.01) higher (38.6%) during 
winter months (January and February). The highest 
rate of cryptosporidiosis was observed in the cases 
with ages less than two years old (11.7%). However, 
rotavirus infection was significantly (p<0.05) higher 
among children younger than three years old. Table 
3 indicates that rotavirus infection was significantly 
higher among non-vaccinated children, and the 
infection was sharply reduced among children who 
accomplished their vaccination protocol. 

DISCUSSION

Diarrheal illnesses in children are the major public 
health concern in developing countries, including 
Iraq as well as neighboring countries.4,11–14 
According to WHO, diarrhea is regarded as the 
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second highest cause of morbidity and mortality 
among the children in developing countries,1 
for which cryptosporidiosis and rotavirus are 
the most common parasitic and viral cause for 
gastroenteritis worldwide.2 Comparing with 
studies carried out in other Iraqi provinces, our 
record was much lower than that reported by 
11,12 in children aged less than three years old in 
Erbil and Sulaimani, respectively. However this 
finding was higher than that reported in some 
surrounding countries, Iran (4.6%)13 and Kuwait 
(3.4%).14 This variance of cryptosporidiosis 
might be attributed to some technical and 
epidemiological factors such as geographic 
location, drinking water facilities, diagnostic 
procedure, keeping and handling domesticated 
animals, particularly, cows, as well as other 
risk factors that could be associated with the 
acquisition of the infection.6 

Superior of nested PCR in the diagnosis of 
cryptosporidiosis and false negative results 
of modified Ziehl-Neelson technique might be 
due to the scanty number of the oocysts that 
are excreted with the feces which could be 
under detectable level.10 Similar findings were 
observed by Maikai et al2 and Helmy et al10 
Because of sensitivity and easily performance, 
PCR seems to be an obvious choice for 
detection of Cryptosporidium from the fecal 
specimens.10 The present study indicates that 
cryptosporidiosis is one of the causative agents 
of diarrhea, particularly among children, in Erbil 
along with other common parasitic agents such 
as Entamoeba histolytica and Giardia lamblia. 
Koyee et al11 found that cryptosporidiosis is the 
first common cause of diarrheal disease among 
children followed by amoebiasis.11 Although 
the rate of Cryptosporidium infection in this 
study was more prevalent among males than 
females, the differences was not significant. This 
finding was in agreement with previous studies 
conducted by other groups in Iraq.10,11  

In this study, both genders were equally infected 
by Cryptosporidium oocysts. No known sex 
related physiological and epidemiological 
factors that changed the susceptibility and 
resistance to infection in certain gender. In 
contrast, a study performed by Saneian et al,13 
found that cryptosporidiosis was more prevalent 
among females than males for which they could 
not refer to any factors as the causes of gender 

difference. Concerning the residency of the 
patients, the frequency of infection among rural 
dwellers was non-significantly higher than those 
in urban area. Interestingly our finding was in 
agreement with that observed by Koyee et al and 
Ali et al11,12 in Erbil and  Sulaimani, at a national 
level and with that of Mahgoub et al15 in Jordan 
at international level, which could be explained 
by poor socioeconomic status, animal contact, 
and drinking non safe, and poor quality water. 
During the rainy season, heavy rains facilitate 
the spread of Cryptosporidium oocysts from 
infected animal feces, causing contamination 
of drinking water supplies. Therefore, 
the use of water purification systems and 
prohibition of grazing farm animals near the 
drinking water resources are important for 
preventing Cryptosporidium infection.6 For this 
reason, incidence pattern of cryptosporidiosis 
in livestock and other reservoirs should also be 
assessed in future studies in Erbil.

In the present study, the infection rate was 
found to be age-relevant, accordingly, since the 
infection rate was vary among the studied age 
groups. Most cases of cryptosporidiosis were 
detected among children within age group ≤2 
years old. This finding was consistent with 
previously published data,3 which stated that 
cryptosporidiosis (43%) was much higher among 
children less than 4 years old in New South Wales, 
Australia, between January 2008 and December 
2010. Consistently, Adamu et al. (2015),5 found 
that highest rate of cryptosporidiosis (46.8%) 
was among under two years old diarrheal 
children and who presented to a number of 
health care providers in Addis Ababa between 
January and March, 2004. Those authors 
attributed such age relevant infections to some 
personal and epidemiological practices such 
as contamination of milk bottles, creeping on a 
contaminated ground, and low personal hygiene 
as well as the lower levels of immunity against 
most infections including cryptosporidiosis. 
Therefore, a low infectious dose is sufficient 
to establish the infection, and since repeated 
exposure to the parasite could confer some 
sort of immunity against the infection, older 
children are more protected.16 Age was also 
found to be an important factor affecting the 
incidence of rotavirus gastroenteritis.17 We 
found that rotavirus infection was significantly 
(p<0.05) higher among children younger 
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than 3 years of age comparing with children 
older than 3 years of age (70.4% vs 18.3%). 
Rotavirus infection can be occurred throughout 
the life, and symptomatic infection rates are 
the highest in children under two years of age 
and decrease progressively. The most severe 
symptoms tend to occur in children between six 
months to two years of age. This indicates that 
the first months of age are relatively protected 
from gastroenteritis, which might be due to 
transmitted maternal immunity through the 
placenta, lasting for the first few months of life. 
However, this immunity will be declined later 
on, increasing the risk of getting the infection 
through contaminated bottle milk feeding. The 
seasonal pattern of cryptosporidiosis showed 
that all cryptosporidiosis cases were detected 
over March, April, May, and June. This might 
be due to the relatively warm temperature and 
some other epidemiological factors in these 
months, such as little differences in the average 
of temperature and humidity as well as water 
abundance that facilitates contamination of 
drinking water supplies with animal feces and 
swage. On the other hand, the low percentage 
of infection in both winter months (January and 
February) might be due to the sever decrease 
in temperature in winter season which may 
reach 0°C or less, that has fatal impact on 
the oocysts viability and infectivity.18 Climate 
change is known to be another factor affecting 
the incidence of rotavirus infection. In studies 
done by other groups, they found high incidence 
of rotavirus gastroenteritis between December 
to April.19 Confirming our result, we found that 
peak incidence was in January and February 
(38.6%) followed by March and April (36.4%), 
and significantly lower incidence of infection 
was detected in May and June (13%) (p<0.05). 
Peak incidence during winter and spring seasons 
is possibly due to the moist and relatively cold 
period which might support viral stability in 
such climate.19 Since the samples were collected 
in the winter and spring seasons, the seasonal 
patterns of these infection were still obscure. 
Thus, further studies including summer season 
is recommended to provide a clear figure about 
seasonal distribution of cryptosporidiosis and 
rotavirus infection in Erbil.

Viruses are the most common causative agent 
for gastroenteritis which are estimated to cause 
about 70% of episodes of infectious diarrhea 

in children.20 Among viral gastroenteritis, 
rotaviruses are the most common causative 
agent in newborns and young children both 
in developing and developed countries, in 
agreement with published data at national and 
international level.17,19 The present study shows 
that rotavirus is one of the common causative 
agents of diarrheal illness in children in Erbil city 
besides other common parasitic and bacterial 
infections. The overall rate of rotavirus infection 
among studied children was 32%. Not much 
known concerning rotavirus infection in Erbil. 
A previous single study that had been carried 
out in Erbil city recorded that 37% of rotavirus 
infection was among children less than five 
years old.17 On national level, our data (32%) 
were close to it, as well as to that obtained and 
recorded in Thi-Qar (39%),21 but surprisingly 
they were much lower than that recorded in 
Najaf (66.7%).22 Comparably, the results were 
also close to that reported in Jordan (33%)23 and 
Turkey (32.4%),19 the neighboring countries. 
The results also revealed that the incidence of 
rotavirus infection was significantly higher in 
urban (33.6%) areas compared to that observed 
among children from rural (24.7%) areas. 
This finding was agreed with that reported by 
Hasson.21 These regional differences that have 
been reported in respect to the residency of the 
patients might be due to differences in health 
care systems, people health education, and 
sanitary awareness.21 

Rotavirus vaccine is an effective tool for 
preventing severe rotavirus gastroenteritis. 
Attempts to develop a vaccine against human 
rotavirus began in the early 1980s. Two bands 
of rotavirus vaccines, namely, Rotateq (with 
three live attenuated rotavirus vaccine doses) 
and Rotarix (with two live attenuated vaccine 
doses) have been licensed and introduced for 
clinical use in many countries.24 The current 
study revealed that vaccinating children with 
Rotateq at different times (2nd, 4th and 6th 
months of age), significantly (p<0.05) declined 
the infection rate (14.1% vs 65.9%), indicating 
that the vaccine and the vaccination protocol 
that were applied in our communities were 
effective against rotavirus infection. This 
finding is supported by several other studies 
that have been carried out in this regard.24 The 
possible protective mechanisms of rotavirus 
vaccination as revealed by studies in animals 



196 Med J Indones, Vol. 26, No. 3
September 2017

and humans, involved rotavirus specific IgA 
antibodies in the gut lumen and rotavirus 
specific B cells expressing α4β7 intestinal 
receptor are important for protective immunity. 
On the other hand, rotavirus specific maternal 
antibody may interfere with the efficacy of the 
vaccination in infants and young animals.25 

The present study has some limitations 
that the chance of detecting more positive 
cryptosporidiosis cases might be increased 
by increasing the number of the samples that 
selected to be tested by PCR since PCR appeared 
more efficient technique than Modifies Ziehl-
Neelson staining technique. Furthermore, the 
study was enrolled children who attended only 
one health service provider (Raparin Pediatrics 
Hospital) during only six months. Therefore, 
more studies are required to support a true figure 
of cryptosporidiosis and rotavirus gastroenteritis 
in Erbil governorate.

In conclusion, the incidence of cryptosporidiosis 
is declining. However, rotavirus gastroenteritis 
is relatively high among young children in Erbil, 
and rotateq vaccine significantly reduces the 
incidence of this later infection.
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