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ABSTRACT: 
Cryptosporidiosis caused by species  belongs  to genus Cryptosporidium. Cryptosporidiosis is a zoonotic disease that affects both animals 
and humans, making it a major public health and veterinary concern. A cross sectional study was performed during the period from 
August 2021 to March2022, to estimate the prevalence of Cryptosporidium spp. in the human population in order to determine the effect 
of associated risk factors on the rate of infection in Zakho district, Duhok. Seven hundred  Fecal specimens were collected from Zakho 
General Hospital and two primary schools located in suburban area of Zakho city. The collected stool specimens were examined 
macroscopically and microscopically using a modified Ziehl–Neelsen staining method. Cryptosporidium infection was found in 87.57% 
(613/700) of the examined specimens.  Males showed slightly  a higher  infection rate than females (88.4% vs. 85.5%) with non-
significant difference (P > 0.05).  age group (31-41 years) showed highest rates, with significant difference (P<0.05). The highest rates 
of infection were reported among families with 6-10 members, people drinking unfiltered municipal tap water, suburban residents, those 
with close contacts with domestic  animals, and illiterate people. The control of this disease necessitates the improvement of living 
conditions, providing potable clean water and disseminating health education programs among the community.  
 
KEYWORDS: Cryptosporidium, prevalence, humans, risk factors, Zakho, Iraq.  

 

1. INTRODUCTION 

Cryptosporidium species are obligate intracellular protozoan 
parasites. These parasites complete their life cycles  in a  single 
host (a monoxenous life cycle) (Ghazy et al., 2015). 
Cryptosporidiosis is the fifth most important food-borne parasite 
and the most important parasites causing watery diarrhea in the 
world  (Aniesona and Bamaiyi, 2014; Ryan et al., 2014; Bodager 
et al., 2015). Thick-walled oocysts are produced by this coccidian 
parasite that is found throughout the environment, which are  
consumed with contaminated water or food and infect the host's 
gastrointestinal tract (Smith et al., 2007; Ghoshal et al., 2018). 
Several Cryptosporidium species have been described and 
classified into 44 viable species containing nearly 120 genotypes 
(Ryan et al., 2021). Cryptosporidium species cause infections in a 
wide range of animals, including fish, birds, reptiles, mammals, 
and humans (Ryan et al., 2014; Ryan and Hijjawi, 2015). 
Epidemiologic investigations have observed that the species C. 
hominis and C. parvum  cause the overwhelming majority of 
human diseases caused by members of this genus (Ryan et al., 
2014;Thomson et al., 2017; Feng et al., 2018). Such studies 
assume that C. hominis is only transmitted between humans, 
whereas the major reservoirs for C. parvum are domestic 
livestock, primarily cattle, and the parasite is transmitted to 
humans either directly or indirectly through contact with infected 
cattle and drinking contaminated water respectively (Krumkamp 
et al., 2021). Recent epidemiological studies from African and 
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Asian countries considered Cryptosporidium spp. as the second 
most common parasite in children causing severe diarrhea and 
significant morbidity (Kotloff et al., 2013; Kalantari et al., 2018;  
Gerace et al., 2019). In Asia, according to a study carried out by 
Kahn and his colleagues (2019), low-income nations have a high 
frequency of Cryptosporidium (29.88 %), particularly among 
young individuals.  Regarding to the prevalence of 
cryptosporidiosis in Kurdistan  Region and Iraq, most studies on 
cryptosporidiosis  found variable rates of infection. In Dohuk, a 
rate of 66.95% was reported among children (Al-Saeed et al., 
2020), 40.4 % among diarrheal patients in Wasit (Alkhanaq and 
Thamer, 2022);14.6% in Erbil ( Khoshnaw et al., 2017), 47.3% 
among children in  Baghdad (Merdaw et al., 2018), and 58% 
among diarrheal patients in Al-Najaf (Sayal, 2019).    
Due to the lack of information on the prevalence of 
cryptosporidiosis in Zakho district,Kurdistan Region, Iraq , this 
study was conducted to investigate the prevalence of 
Cryptosporidium spp. and their associated risk factors among 
human population using a modified Ziehl-Neelsen staining 
technique. 

2. MATERIALS AND METHODS 

2.1. Study area 

Zakho district, located 50 kilometers northwest of Duhok and a 
few kilometers from the Iraq-Turkey border, and it is the second 
largest city in Duhok Province. Annual rainfall exceeds 702 mm, 
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with very hot and dry summer temperatures exceeding 35°C and 
cool winters. Despite the fact that this region has few grazing areas 
for small ruminants, intensive farming is popular. Two of the 
region's most important water sources are underground aquifers 
and the urban water supply network. 

2.2. Sample and data collection  

A descriptive cross-sectional study was conducted on 700 fecal 
samples taken from outpatients in Zakho General Hospital and 
from the students of two primary  schools  located in the suburban 
area in Zakho District, between August 2021 to March 2022. Each 
fresh sample was collected in a clean, clearly labelled screw-
topped samples tubs and kept frozen on a cold pack fully labeled 
with patients’ information after taking a verbal consent from each 
participant, and from parents of infants and small ages. 
Furthermore, an approval was taken from the ethical committee of 
Zakho General Directorate  of Health (680/3, 2021/8/3), for the 
use of data and samples in this study.  Gender, age, residency, 
family size, level of education, and other information were 
collected  via a questionnaire designed for the study.  Daily, the 
collected specimens were transported to the Postgraduate  
Microbiology  Laboratory, Biology Department, Zakho 
University for macroscopic and microscopic examination. 

2.3. Sample Examination   

2.3.1. Macroscopic Examination: Each fresh sample was 
examined with the naked eye for consistency, odor, and the 
presence of blood, mucus, and pus. 

2.3.2. Microscopic Examination: Microscopic examination of 
stool specimens was done using the modified Ziehl Neelsen 
technique. On microscope slides, thin and thick fecal smears were 
prepared using a wooden applicator stick and dried. For 30 
seconds, the slides were fixed in absolute methanol before being 
stained for approximately 1 minute using Kinyoun's carbol 
fuchsin. After that, the slide was carefully cleaned with tap water. 
Decolorization is reduced by agitating for 2 minutes in a trough of 
1 % hydrochloric acid alcohol, rinsed with tap water. 
Counterstained for 2 minutes in 1% methylene blue, rinsed 
thoroughly, and air dried (John and Petri 2006). Each slide was 
examined at 40X and 100X (oil immersion magnification) to 
determine the presence and absence of oocysts. It was declared a 
positive result when an oocyst with the correct morphology (i.e., 
optical properties, internal structure, shape and size) was found in 
the sample. At least three slides were prepared and examined from 
each specimen's various parts. 

2.4. Data management and analysis 

All collected data were entered into an Excel document before 
being transferred to the Statistical Package for Social Sciences 
(SPSS) version 25 for data cleaning, which included running 
frequencies for each variable. A Chi-square (X2) test was used to 
determine whether or not there is a  statistically significant 
difference in the prevalence of Cryptosporidium with the 
independent variables, and the relationship between 
Cryptosporidium infection and risk factors was considered 
significant at P< 0.05. 

3. RESULT 

Using  modified Ziehl Neelsen stain, the morphological 
characteristics of the oocysts were revealed which helped in 

micrometry of oocysts (Fig.1). Oocysts are slightly oval measured 
6.9±0.72 µm in length and 5.8 ± 0.87 µm in breadth. The parasite 
was shown as thick pigmented pink to red bodies on a blue or 
purple background, with a distinct halo surrounding the oocyst 
(Fig.2). 

 

Figure (1): Cryptosporidium micrometry of oocyst 100 × (6.1× 
5.6 µm in size) stained with Ziehl Neelsen stain  

 

Figure (2): Cryptosporidium oocysts stained with modified Ziehl 
Neelsen staining × 100 

The prevalence of Cryptosporidium oocysts among population 
and their association with some risk factors are summarized in 
Table 1. The overall rate of Cryptosporidium infection in the 
population was 87.57 % (613/700) in this study using the modified 
Ziehl Neelsen technique.  The infection rate was slightly higher 
among males (88.4%) compared to females (85.5%) with non-
significant difference (P >0.05) between both genders. As regard 
to age, the highest rates of the infections were reported among the 
ages 21-30, 31-40 and above 41 years which were 90.5%, 91.7% 
and 91.0%, respectively. Statistically the differences  were 
significant between different ages (P < 0.05).  Regarding to the 
nature of the  stool, the formed stool specimens contained the 
highest rate of infection (89.2%), while the lowest rate (84.6%) 
was reported among liquid stool specimens, with non-significant 
difference (P>0.05)between both types of specimens.  
Concerning family  size, large families comprising of 6-10 
members showed the highest rate (94.1%), while the lowest rate 
(72.2%) was found among families with 1-5 members. 
Statistically the differences between rate of infection and family  
size were significant (P<0.05). Regarding water sources, higher 
prevalence (94.8%) was seen in individuals who drink unfiltered 
municipal tap water, while people drinking commercial bottled 
water and those filtering municipal tap water showed a lower rate 
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(65.9%), with statistically significant differences (P< 0.05) 
between them. Suburban residents had a higher rate of infection 
(87.6%) as compared to urban one (75%) and significant 
difference was reported (P< 0.05) between both groups. 
Regarding to occupation, students showed the highest rate of 
infection (90%), while the rates among other groups were lower 
as indicated in Table (1), but statistically the differences between 
all groups were non-significant (P>0.05). People in contact with  
animals showed the highest rate of infection (90.9%) in 
comparison with those not having animal contact (85.6%), there  
was a significant difference between both groups  (P< 0.05). 
Illiterate people hadhigher rate of infection (94.7%) than  the rate 
of tertiary  educated people and those at university(82%), the  
difference between education and rate of infection was statistically 
significant(P<0.05). 
 

Table (1): Prevalence of Cryptosporidium spp. among 
the population in relation to some variables (No= 700). 

Variables Cryptosporidiosis 
Number 

of 
infected 

% P value 
Chi- 

square 
Gender 

 
Male 442/500 88.4 P> 0.05 

x2 = 1.104 Female 171/200 85.5 
 

Age 
(years) 

 
 

8 month -10 140/174 80.5  
P< 0.05 

x2 =13.524 
11 -20 71/84 84.5 
21 – 30 192/212 90.5 
31 – 40 110/120 91.7 

> 41 100/110 91 

Consistency 
of Stool 

Formed 404/453 89.2 P> 0.05 
x2 =0.166 Liquid 209/247 84.6 

Number of 
Family size 

1 – 5 135/187 72.2 P< 0.05 
x2 = 57 6 – 10 383/407 94.1 

More than 
10 

95/106 89.6 

Source of 
Drinking 

water 

Municipal 
tap water 

497/524 94.8 P< 0.05 
x2 = 101.36 

Commercial 
bottled water 

& filtered 
tap water 

116/176 65.9 

Residency Urban 240/320 75 P< 0.05 
x2 = 149.19 Suburban 373/380 87.6 

Occupation 
Worker 305/353 86.4 P> 0.05 

x2 = 1.093 Other 218/247 88.3 
Student 90/100 90 

Contact with 
animal 

(livestock): 

Yes 
No 

240/264 
373/436 

90.9 
85.6 

P< 0.05 

x2 = 4.338 

 
Level of 

Education: 

Illiterate 125/132 94.7  
P< 0.05 

x2 = 8.811 
Primary 

education 
254/289 87.9 

Secondary 
education 

159/188 84.6 

Tertiary and 
university 

75/91 82 

*Statistically significant at p< 0.05. 

4. DISCUSSION 

Cryptosporidium spp. are found throughout the world, particularly 
in undeveloped and developing countries (Pumipuntu and Piratae, 
2018). Transmission occurs primarily through the fecal-oral route 
via contaminated food and water, which may be directly and 
indirectly across contact with animal feces and  cross 
contamination , which occur when hosts ingest oocysts of 
Cryptosporidium, (Pumipuntu and Piratae, 2018; Innes et al., 
2020)  
The current study is a first one to address the occurrence of 
Cryptosporidium oocysts using modified Ziehl Neelsen stain and 
its relationship to some risk factors among humans in Zakho 
district, Iraq. The first case of cryptosporidiosis was reported in 
Iraq in 1996 (Mahdi et al., 1996). After that several studies were 
conducted in different  areas of the country for estimating the 
prevalence of the Cryptosporidiosis among urban and rural 
population (Abdulsada, 2015;Ahmed et al., 2016; Azeez and  
Alsakee, 2017; Al-Saeed et al., 2020; Alkhanaq and Thamer, 
2022). The high rate of infection recorded in the present study 
(87.57%) is in line with other studies conducted in various parts 
of Iraq, such as in Mid-Euphrates Area with an infection rate of 
92.2% which was slightly higher than the present rate (Abdulsada, 
2015). While lower rates  of infection were reported in studies 
conducted in Al-Najaf City  (58%) by Sayal (2019), Baghdad  
Province (47.33%) by Merdaw et al. (2018), Basra Province 
(23.8%) by Salim (2018) and Kirkuk City (22.68%) by Salman et 
al. (2015).  The variation in the rate of infection may be due to the 
geographical and cultural differences, sample size differences, 
besides the fact that most studies focused on infants and children 
as well as different techniques used for diagnosis.  
The present result showed a slightly higher rate of infection among 
males as compared to females, but the difference between both 
genders was non-significant(P>0.05). This is  in agreement with 
other studies in Iraq, in Erbil  City,Basra Province and Karbala 
Provinces ( Khoshnaw et al., 2017; Salim, 2018 : AL-Yasary and 
Faraj, 2021) with infection rates (20.95% vs. 19.85), (24.2% vs. 
23.5%)  and  (27.41% vs. 23.68%) respectively. The slightly  
different  rate of infection among males may be due to the fact that 
males are more socially active than females, as well as females 
have a better immune system than males due to their genetic 
structural difference organized as microRNAs located on the 
female X chromosome  (Klein and Flanagan, 2016). On the other 
hand, females pay more care to cleaning and hygienic habits. 
while, Sayal, (2019) and Salim and Al-Aboody (2019) in Al-Najaf 
City and Thi-Qar Province reported a higher rate in males as 
compared to females (55.2% vs 44.8%) and (58% vs 42%) 
respectively. Also, Al-Shamiri et al. (2010) in Yemen reported a 
higher rate in males as compared to females children (30.7% and 
20%) respectively . This may be due to  a close contact of male 
children with the contaminated play grounds outdoor area with  
their outdoor activities and getting contact with animals and soil, 
which can  raise the risk of parasite transmission.   
The present study showed  a significant relationship between 
cryptosporidiosis   and age. Age groups from 31 to over 41 years 
showed the higher rate of the infection, while the lowest rate of 
infection was among children from 8 months to 10 years. These 
results are in agreement with other studies conducted in southwest 
Uganda, southwestern China and Beni-suef, Egypt  (Yang et al., 
2017; Abdel Gawad et al., 2018; Nakibirango et al., 2019), all of 
them reported the highest rate of cryptosporidiosis  among age 
groups of 41-50 years and 31-40 years with rates of 17.3%, 25%,  
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and 37.7%, respectively  as compared to other ages. The precise 
cause of this higher level is unknown, but it could be due to 
immuno-physiological and ethological differences, as well as a 
low immune response, particularly among those over the age of 
40. 
Although, the rate of infection was less among children compared 
to other age group, but still the rate is high due to the fact that 
children were more exposed to the infective stage of the parasite 
by swimming in rivers and swallowing water especially in 
summer and less awareness. Besides that, most infected 
participates belong to age group (31-40 years) which had more 
close contact with domestic animals, which was thought to be a 
risk factor for infection, as the oocyte of the Cryptosporidium 
released form infected animals and transmitted to the human  
(Pumipuntu and Piratae, 2018). While the present results disagree 
with studies performed in Kirkuk City, Iraq, and  Buner District, 
Pakistan,  since they reported higher rates of infection among 
children less than 6 years which were 25.45% and 41.0% (Salman 
et al., 2015; Khan et al., 2019), respectively. 
According to the nature of the stool, the present results did not 
show any significant relationship between the consistency of stool 
and prevalence of Cryptosporidium spp. although, slightly higher 
prevalence was reported among formed stool specimens.  This 
may be due to the fact that this parasite invades the jejunum and 
ileum of immunocompromised patients resulting in liquid diarrhea 
besides that it infects healthy individuals as well without 
producing any symptoms, or it is most likely due to the fact that 
formed stool specimens constituted the majority of the samples in 
the current study. These results  are in contradiction with a study 
conducted by Koyee and Faraj (2015) in Erbil city, they reported 
that the rates of infection were higher among diarheal stool than 
formed stool  (36.36% vs 6.66%). Also studies conducted in Asia, 
Buner District in  Pakistan, and southern region of Cameron   
reported higher rates of infection in liquid stool than formed stool 
which were, 35% vs. 15.6%, 41.0% vs. 16.6%,  and  13.40% vs. 
2.2%, respectively (Dabas et al., 2017;  Khan et al., 2019 
;Tombang et al., 2019).  

Regarding the number of family size, current results indicated the 
presence of   a significant relationship between family size and 
rate of Cryptosporidium infection that showed higher infectivity 
rates among families with more than 6 members . This agrees with  
the study done in Bagdad City in Iraq by Al-warid (2012) who  
reported a higher rate of infection among families composed of 
more than 15 individuals with a rate of 28.32% . The high rates 
among large families/household, especially when there are one or 
more infected child in the family facilitates the transmission of the 
infection between the family members through participation in the 
use of home appliance, sharing food, changing diapers 
contaminated with the oocysts of the parasite as compared with 
small  families (Medema and Schijven, 2001; Becker et al., 2015).  
In Zakho, the major source of drinking water is the tap water and 
this can indicate the importance of waterborne transmission in 
Zakho. The present result indicated that there was  a significant 
relation between the sources of drinking water and the prevalence 
of Cryptosporidium infection, as the infectivity rate was more  
among people who drink municipal tap water than those drinking 
commercial bottled water and filtered municipal tap water at home 
. These  are in agreement  with other  studies  conducted in  Sao 
Paulo City in Brazil,  Beni-suef in Egypt , and  Southern region in 
Cameron (Carvalho-Almeida et al., 2006; Abdel Gawad et al., 

2018; Tombang et al., 2019)   who  stated that tap water is 
associated  with  the higher rate of infection among people  
compared to  mineral water gallon (55% vs. 12%), ( 22.5 % vs. 
18.8%) and  (7.14% vs. 0.89%), respectively. This could be 
because Cryptosporidium oocysts can survive chlorine treatment 
in water for months and can resist for 180 days in water and up to 
a year at 4 °C (Medema and Schijven, 2001). While, disagreed 
with the study conducted in Wasit Province, Iraq by Alkhanaq and 
Thamer (2022) who reported  a higher rate  among people drinking 
bottled water than those drinking tap water (54% vs 52%)  
Regarding residency, the rate of cryptosporidiosis was higher 
among suburban residents than urban  ones with  a significant 
relation between them. This finding is consistent with the studies 
conducted in Beni- Suef, Egypt and Al-Diwaniyah and Wasit 
cities, Iraq  (Abdel Gawad et al., 2018; Mohammad, 2018; 
Alkhanaq and Thamer, 2022) who reported higher rates of 
infection in rural residents compared to urban  ones (59.5% vs. 
40.5%), (63.3% vs. 36.6%) and (64.7% vs. 40%) respectively. 
This may be due to the fact that rural environment is thought to be 
favorable for intestinal parasite transmission due to a lack of 
proper sanitary facilities, limited access to safe water, and frequent 
animal exposure (Mor and Tzipori, 2008; Daniels et al., 2015). 
However, urban areas are also at risk due to the possibility of water 
supply system contamination. While  it disagrees  with studies 
conducted in Erbil City, Iraq (Khoshnaw et al., 2017), as they did 
not record any significant association between cryptosporidiosis 
and residency (rural 21.1% vs. urban 19.7%).  
On the other hand, non-significant  association was reported 
among the occupation  and Cryptosporidium infection rate which 
disagrees with the study done by  Nakibirango et al., (2019) who 
reported the rate of cryptosporidiosis in southwest Uganda  with   
a higher  rate of infection among  peasants  (50.7%) compared to  
students (2.2%). 
In the current study people in contact with animals showed higher 
infectivity rate than those not getting contact with  animals with  a 
significant  relationship between prevalence of Cryptosporidium 
and contact with  animals. This is in agreement with the studies 
conducted in Baghdad City in Iraq,  Iran and Sothern Egypt  ( Al-
Warid, 2012; Kalantari et al., 2018; Elshahawy and AbouElenien, 
2019)  who documented that the infectivity  rates were higher 
among people getting contact with  animals than those without 
contact (19.49% vs.13.89%), ( 24.70% vs. 15.20%) and (11.6% 
vs. 1.6%) with  a significant  relation between them. Similarly, 
Iqbal et al., (2011) in Kuwait and Firoozi et al., (2019) in Iran, in 
their studies confirmed that cryptosporidiosis is considered as one 
of the zoonotic diseases transmitted from animals to human 
especially from  cattle,  dogs  and  cats  due to  a close contact 
between human and these animals leading to the contamination of 
hands and food. Some studies reported that cattle release  a large  
number of parasite oocytes compared to  cats  and  dogs (Daniels 
et al., 2015; Khan et al., 2019). While Carvalho-Almeida et 
al.(2006) did not  find  any significant correlation  between  the 
rate  of Cryptosporidium infection and animal exposure because 
they found   a very  slight difference between presence of  animals 
in home with their absence  (28.57% vs. 28.20%). 
The current study indicated  a significant  relationship between the 
rate of Cryptosporidium infection and educational level that 
observed  the highest rate among  illiterates  than  literates. These 
results  agreed with the study conducted by Elshahawy and 
AbouElenien (2019) in southern Egypt who documented that there 
was  a significant  relationship  between  the level of education 
and the rate of infection with  higher infectivity rate among non-
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educated than  university education (35.20% vs. 9.30%), 
respectively. This may be due to the fact that literate people 
practice better hygiene than illiterate people  which leads to 
preventing and reducing infection transmission. While the current  
results  disagree with the study conducted in Wasit City, Iraq by 
Alkhanaq and Thamer ( 2022)  who observed  a higher rate of 
infection among educated  participants than  non-eduacted ones  
(80% vs. 50.8%) respectively. 

5. CONCLUSIONS 

This study showed the importance of modified Ziehl Neelsen stain 
in the  microscopic identification of cryptosporidiosis. 
Furthermore, the study reported a high rate (87.57%) of 
cryptosporidiosis among Zakho population.The  age, family size, 
water source, residency, contact with animals and  the level  of 
education have significant risk effects on the prevalence of this 
disease. Therefore, improvements of family living conditions, 
environmental sanitation, safe water supply to the population, 
keeping animals out of human settings, and health education will 
have a great  impact  in reducing the rate of infection. 
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