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ABSTRACT 

Dummy 

Frequency Of RotaVirus Among Children < 5 Years With Acute Dıarrhea: 
A Hospital Based Study In Duhok / Iraq 

  ASHTI ASSIM M. SALIM 

Master's Thesis 

FIRAT UNIVERSITY 
Graduate School of Natural and Applied Sciences 

Department of Biology 

February 2022,   Page:  ix  + 40 

Background: Rotavirus is the most important cause of diarrhea among children less than 5 years of 

age causing high morbidity and mortality, particularly in developing countries. 

Aims: The aims of the present work is to measure the prevalence of rotavirus diarrhea among children 

less than 5 years who visited a referral hospital suffering from acute gastroenteritis by ELISA test; and  to 

measure the validity of ELISA test in comparison to  PCR confirmatory test. 

Patients and Methods: Across sectional study design was adopted. Approval of the ethics committee 

was obtained and the procedures were carried out according to the ethical roles. The study included 310 

children aged less than 5 years of both genders who diagnosed by specialist to be suffering from acute 

diarrhea; at a secondary care hospital in Duhok /Iraq . Stool samples were collected form those children 

during the period January–June, 2021, and then ELISA test was conducted for Rotavirus antigen. Information 

were also collected regarding: age, gender, father and mother education, crowding index in houses, 

urban/rural residency, feeding practice in the first year of life, vaccination to Rotavirus and attaches of 

diarrhea suffered in last month. The validity of ELISA test was measured by taking a sub sample of positive 

and negative cases who were further tested by PCR. 

Results: The prevalence of Rotavirus by ELISA test was found as 29%. No significant association 

was detected regarding age, gender, crowding index and Rotavirus infection. On the other hand there was a 

significant association between Rotavirus infection and; education family with higher rate among those with 

illiteracy or lower education and urban residency exclusive bottle feeding in the first year of life, while partial 

or complete vaccination gave protection to Rotavirus. The results also revealed that children who had more 

attacks of diarrheas in the month preceding admission had significantly lower prevalence of Rotavirus 

infection than those who had only one attack of diarrhea. The validity of ELISA test in comparison to PCR 

as gold standard was measured on 45 positive and 65 negative ELISA samples who were also tested by PCR. 

The results showed that the sensitivity, specificity, predictive values of a positive and a negative test, 

likelihood ratios of a positive and a negative were 88.89%, 100%, 100%, 92.86%, unidentified and 0.113 

respectively, and the diagnostic accuracy of the ELISA test was determined as 95.45%.  

Conclusions: Rotavirus is an important cause of gastroenteritis, particularly among infants, in Duhok, 

Kurdistan Region, Iraq. All children less than 5 years who are admitted with gastroenteritis should be scanned 

for Rotavirus with ELISA test; which found to be a valid screening test. Also vaccination was an important 

measure and recommended for the control of the diseases.  

Keywords: Rotavirus, Diarrhea, Prevalence, ELISA, PCR, Validity 
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dummy 

 5 Yaş altı çocuklarda Rotavirüs ün Akut İshal ile Frekansı, Irak/ Duhok’ da 
Hastahane Bazlı bir çalışma 

  ASHTI ASSIM M. SALIM 

Yüksek Lisans Tezi 

FIRAT ÜNİVERSİTESİ 
Fen Bilimleri Enstitüsü 

Biyoloji Anabilim Dalı 

Şubat 2022,   Sayfa:  ix  + 40 

Rotavirus, özellikle gelişmekte olan ülkelerde 5 yaş altı çocukların arasındaki ölüm ve hastalıkların 
sebebi olan ishalin en önemli etkenidir. Bu çalışmanın amacı 5 yaş altında olan ve barsak enfeksiyonu 
nedeniyle hastaneye başvuran çocuklarda rotavirüs’ ün prevalansını Elisa testityle ölçmek ve Elisa testinin 
geçerliliğini PCR destekleyici test ile karşılaştırmasını yapmaktır. Hasta ve metot olarak Kesitsel bir çalışma 
modeli uygulanmışttır. İşlemler için etik komitesinin onayı alınmış ve hastalara işlemler etik kurallar 
çerçevesinde uygulannıştır. Çalışma, Duhok/ Irak’ta, ikinci basamak bir hastaneye başvuran her iki cinsiyette 
akut ishalden muzdarip 5 yaş altı 310 çocuğu kapsamaktadır.  Dışkı örnekleri bu çocuklardan ocak – haziran 

ayları (2021) arasında toplanmış ve Rotavirüs antijeni için Elisa testinde Yürütülmüştür. Ayrıca, anne ve 
baba eğitimi, yaş, Cinsiyet, evlerdeki kalalablık indeksi, kentsel ve kırsal yerleşim, yaşamın ilk yılında 
beslenme uygulaması, rotavirus aşısı ve geçen ay ishal olma durumuna ait bilgiler toplanmıştır. Elisa testinin 
geçerliliği PCR ile daha fazla test edilen pozitif ve negative vakaların bir alt örneği alınarak ölçülmüştür. 
Rotavirüs’ün Elisa testi ile elde edilen prevalansi 29 % olarak saptanmıştır. Yaş, cinsiyet, kalabalık indexi ve 
rotavirus enfeksiyonu açısından anlamlı bir ilişki saptanmamıştır. Öte yandan rotavirus enfeksiyonu ile; 
okuma yazma bilmeyen veya daha düşük eğitime sahip olanlar arasında, eğitimli aile oranı daha yüksek ve 
yaşamın ilk yılında biberonla beslenme, kentsel yerleşme, kısmi veya tam aşılama rotavirüse karşı koruma 
sağlama arasında önemli bir ilişki olduğu bulunmuştur.  Ayrıca Sonuçlar, hastaneye yatıştan önceki ayda 
daha fazla ishal nöbeti geçiren çocukların yalnızca bir ishal atağı geçirenlere göre rotavirus infeksiyonu 
prevalansinin önemli ölçüde daha düşük olduğunu ortaya koymuştur.  Altın standart olarak PCR ‘a kıyasla 
Elisa testinin geçerliliği, yine PCR ile test edilen 45 pozitif ve 65 negatif Elisa numünesi üzerinde de 
ölçülmüştür. Sonuçlar, bir pozitif ve bir negative testin duyarlılık, özgünlük , öngörücü değerlerinin, bir 
pozitif ve bir negatif olasılık oranlarının sırasıyla, %88.89, %100, %100, % 92.86, tanımlanmayan ve 0.113 
olduğunu ve tanısal doğruluğunun Elisa testi % 95.45 olarak belirlenmiştir. Sonuçta, Rotavirus Duhok/ Irak’ 
ta özellikle bebeklerde önemli bir barsak enfesksiyonu nedeni olduğu saptanmıştır. 5 yaşından küçük tüm 
çocukların geçerli bir test olan Elisa testi ile rotavirus taramasından geçirilmelidir.  Ayrıca aşılama önemli 
bir önlem olup hastalıkların kontrolü için tavsiye edilmektedir.   

Anahtar Kelimeler: Rotavirüs, İshal, Prevalans, ELISA, PCR, Geçerlilik 
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1. INTRODUCTION 

Infection by group A rotaviruses; which belong to the Reoviridae family of non-enveloped 

dsRNA-containing viruses; is considered as the most important cause of acute gastroenteritis 

among children. The majority of morbidity and mortality caused by Rotavirus(RV) gastroenteritis 

is experienced by children under five years of age. Diarrhea in general is  the main causes of 

morbidity and mortality among children less than 5 years in the world, particularly in developing 

countries.The RV represent about 40% of hospitalizations for diarrheal that occur among children 

under five in developing countries Globally it has been estimated that daily there are, 370,000 

episodes of rotavirus diarrhea cases of which, 50,000 cases hospitalized and 2000 deaths [1-4] The 

disease is characterized by profuse diarrhea, mild fever, and vomiting, with  mild to severe 

dehydration.. The disease generally is resolved by itself and does not need medication, but is 

responsible for high morbidity and can cause severe dehydration and death [5]. In Iraq and 

Kurdistan it  also the main cause of morbidity and mortality among children. In a study conducted 

in Erbil in Iraq in 2006 a prevalence of 37% was detected among children less than 5 years suffering 

from gastroenteritis by PCR. The most common genotypes were G1,G2,G4,G9, P[6] and P[4]. 

Moreover the commonest G/P combination (about 50%) was P[8]G1 among the  8 combinations 

detected [6]. 

Vaccination against the disease has been found to be very effective in the control and 

prevention of Rotavirus gastroenteritis. Once introduced in 1973 a sharp declines in the morbidity 

and mortality have been noticed all over the world. The anti RV vaccine has now been part of the 

vaccination schedule for under-fives children; in several countries including Iraq [7]. The 

symptoms and signs of Rotavirus diarrheas can varied from completely asymptomatic to sever and 

even fatal attacks. In general they are relatively similar to those of other causes of gastroenteritis 

and they alone are not sufficiently distinctive to permit diagnosis. Clinicians will need investigation 

to establish the diagnosis. Those can varied from rapid screening test for antibodies, or detection 

of antigen in the stool by ELISA test. The PCR and Electron microscopy have also been used but 

rather for research or genetic studies [7-8]. 

1.1. Rotavirus 

 Rotavirus (RV) is an non enveloped RNA virus of Reoviridae family. The genome composed 

of 11 segments of double-stranded (ds) RNA surrounded by a triple-layered protein capsid. The 

RNA segments include. six structural viral proteins (VP1 to VP4, VP6 and VP7) and six 

nonstructural proteins (NSP1 to NSP6) [9]. There are eight species within the rotavirus 

genus. Rotavirus A, B, C, D, E. F, G, and H [10]. 
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It is excreted in stools and considered as the commonest cause of diarrhea globally among 

infants and children less than 5 years of age. Group A (RVA) species are the most significance as 

prime cause of severe diarrhea in infants and young children [11].  It has been estimated that before 

the introduction of the vaccine, almost all of them would be infected by rotavirus by the age of 5 

years. The virus is very contagious [12]. The RV infects enterocytes and destroyed the absorptive 

enterocytes, intestinal secretion stimulated by RV non-structural protein 4 and activation of the 

enteric nervous system [13]. 

Despite wide researches on rotavirus the virion morphogenesis and the virus cell entry are 

complex processes, which have not fully understood [1, 14, 15].There are ten species of rotavirus, 

referred to as A, B, C, D, E, F, G, H, I and J. Humans are primarily infected by the species rotavirus 

A. Rotaviruses group A are subdivided to several G and P genotypes; based on the molecular 

characterization of the outer capsid proteins, VP7 (glycoprotein) and VP4 (protease-sensitive, 

which was cleaved into VP5 and VP8 by trypsin) respectively In rotaviruses A there are at least 51 

P genotypes and 36 G genotypes encountered in humans and animals. 

A–E species cause disease in other animals, species E and H in pigs, D, F and G in birds, I 

in cats and J in bats. Within rotavirus A there are different strains, called serotypes. As 

with influenza virus, a dual classification system is used based on two proteins on the surface of 

the virus. The glycoprotein VP7 defines the G serotypes and the protease-sensitive protein VP4 

defines P serotypes. Different combination of the P-G serotype combinations due to assortment and 

segregation of the G and P proteins will produce of different strains A whole genome genotyping 

system has been established for rotavirus A, which has been used to determine the origin of atypical 

strains. The prevalence of the individual G-types and P-types varies between, and within, countries 

and years. There are at least 32 G types and 47 P types but in infections of humans only a few 

combinations of G and P types predominate.  

The most common  genotypes detected globally  include four common human G genotypes 

(G1, G2, G3, G4) with the most common human P genotypes P[4], P[6], and P[8]. On the other 

hand; G1P[8], G2P[4], G3P[8], G4P[8], G9P[8], and G12P[8] are the most common G/P genotypes 

combinations infecting humans;  globally  responsible for almost 90% of rotavirus infections [5, 

10, 16-20]. 

Rotaviruses are generally high species-specific, but cross transmission with animal RV, has 

been shown in many case. This transmission is relatively uncommon; however, millions of people 

will be exposed to animal rotaviruses each year; mainly among farmers and visitors to the 

countryside [17, 21].The RV is known and named for the wheel-like appearance visible under an 

electron microscope.  Picture of the virus and the schematic representation of a rotavirus virion are 

shown on Figure1.1. and 1.2.  below. 

https://en.wikipedia.org/wiki/Serovar
https://en.wikipedia.org/wiki/Influenza
https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Protease


3 

 

 

Figure 1.1. 3D graphical representation of Rotavirus virions 

 

 

Figure 1.2. Schematic representation of a rotavirus virion (……..) 
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1.2. Rotavirus infection 

 The aetiologic agent of infantile gastroenteritis was not identified until 1973 where virus 

particles were detected in duodenal biopsy and then in fecal samples from children with severe 

diarrhea. The name rota was given to the newly discovered virus. The name was an adoption from 

Latin word ‘rota’, which means wheel. Rotaviruses were soon confirmed as a major cause of 

gastroenteritis in children <5 years of age worldwide and also in many the young of many 

mammalian and avian species. The RV is mainly transmitted by feco-oral rote; but the virus can 

also by transmitted by contaminated fomites and toys. The cycle of RV infection in human is shown 

in Figure 1.3. 

 

 

Figure 1.3. The cycle of RV infection in human (by curtsey to deposit photos) 

In human the commonest clinical presentation of RV infection is acute gastroenteritis; 

mainly among children less than 5 years of age In general acute gastroenteritis from different causes 
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is a leading cause of childhood morbidity and mortality worldwide. It has been estimated that it is 

responsible for about 15% of total deaths in younger children; mainly in developing countries with 

low socio-economic standard and where children are suffering from malnourishment [1-3, 22]. 

The presentation of RV gastroenteritis can include severe diarrhea, vomiting, fever, and 

dehydration. The dehydration can be varied from mild to severe one. The symptoms are those of 

dehydration including dry mouth and throat, low urinary output, feeling dizzy and lethargic, loss 

of skin turgor, and other signs and symptoms depending of the severity of the disease.  

The disease is more prevalent in winter and spring. The virus can spread to other children, 

and even to adults. The incubation period is about 2-3 days. The acute gastroenteritis can remained 

for up to a week or more depending on the severity of the disease. The disease is usually self-

limiting and there is no specific treatment other than correcting dehydration and general other 

supportive measures. Although the commonest age for RV gastroenteritis is children less than 5 

years of age, adults can also be infected but with milder clinical presentation [3, 7, 23, 24]. 

1.3. Risk factors In Rotavirus Infection 

 Infections with RV are present globallyin developed and developing countries. There is a 

wide variation in the mortality and morbidity of the disease between different countries and within 

different population living in the same country. Several risk factors have been incriminated in the 

epidemiology of RV gastroenteritis includings. 

Age. the RV gastroenteritis was prevalent among children less than 5 years of age.  The 

World Health Organization (WHO) stated that most of such cases are occurring in children aged 

between 6 and 24 months; with a peak incidence at 9 to 12 months. Moreover a study in A study 

conducted in 6 hospitals distributed in 6 Indonesian provinces found that children aged <3 months 

are less likely to have rotavirus gastroenteritis [25]. Another hospital-based surveillance cohort 

study which was also conducted at Sanglah Indonesia; between April 2009 to December 2011; as 

a part of the Asian Rotavirus Surveillance Network also found that children aged <3 months are 

less susceptible to rotavirus, while those 6 - 24 months are highly susceptible[26]. Another study 

conducted in Kenya found that the mean age of the children infected with RV gastroenteritis was 

23 months (SD+16 months); but the majority were in the age group 0-6 months, followed by age-

group 7-12 months [27]. In Jordan a study conducted among refugees also found that the prevalence 

was significantly higher (62%) in children aged less than 24 months in comparison to those of older 

children [28]. In Mexico the median age of RV diarrhea was 3-26 months[29], while  In India, 

(98%) of cases  occurred during the first 2 years of life, with  peaking at 9–11 months [30]. In 

Jordan RV cases were found to be common among children aged < 5 years mainly in the age group 

< 2 years [31]. 

https://medlineplus.gov/diarrhea.html
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR2
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In developed countries the disease is still a major cause of morbidity, with the incidence also 

being common among children less than 5 years of age [32]. Asymptomatic cases were studied in 

developed countries. A cohort study in America showed that about 30% of children aged 2 years 

or less annually got asymptomatic rotavirus infection [33]. Similar results have also been reported 

in England [34]. 

Gender. several studies have shown that RV diarrhea to be more common in males than 

females. In one study in Nigeria males. females ratio of 1.8.1 was reported, suggesting that males 

had a higher rotavirus excretion rate than females [35]. In Indonesia the male to female ratio of 

rotavirus infection was 1.6.1 [26]. It has also been reported that boys are twice more susceptible to 

RV infection than girls [36].The WHO scientific group indicates that the affected males was up to 

20% higher females in some studies. This might be due to a higher susceptibility of boys to rotavirus 

exposure or a greater likelihood of affected boys to seek medical care by their parents in comparison 

to girls [37]. Similarly in a multivariate analysis of RV risk factors showed that RV diarrhea was 

significantly more frequent in boys than girls; with adjusted RR of 1.4.[25]. 

General cleanliness. RV is transmitted by direct person-to-person contact. Accordingly hand 

washing and proper disposal or disinfection of contaminated items are essential measures in the 

control and prevention of the disease. In one study, mothers practicing hand hygiene during child 

feeding were found to be significantly less likely to have RV gastroenteritis among their children 

[27].  In developed countries the disease is less frequent that in developing countries. This might 

partially be due to higher standards of hygiene and cleanliness. Nevertheless and unlike bacterial 

gastro enteric RV are shed in the feces in amounts up to 1010 particles per gram of stool. Studies 

showed that 10 or less particles are infectious. The large virus shed is probably the reason that 

improvements in hygiene in the developed world have not significantly reduced the incidence of 

the disease [39- 40]. 

Breastfeeding. In general breastfeeding has been associated with reduction of gastrointestinal 

infections. This might be due to combination of several factors.  Breast milk contains lactadherin 

which can protect against RV infection. Several ingredients in breast milk including secretory IgA, 

Lactadherin, bactericidal lactoferrin, T-and B-lymphocytes, human milk glycans and 

oligosaccharides will protect the intestinal epithelium against pathogens. Anti-rotavirus antibodies 

that are present in human milk might also play a role against the RV[41-43]. One of the most 

important constituents of breast milk is lactadherin. This can  bind to RV and inhibit its replication. 

A study conducted on 200 infants in Mexico, by measuring lactadherin, butyrophilin, mucin, and 

secretory IgA in mothers milk and associated that with the presence of RV in the stool of the infants. 

The study found a significant Protection against RV by  glycoprotein lactadherin in breast milk and 

the findings were independent of products of the secretory immune system[44]. The Anti-rotavirus 

antibodies is exclusively of the IgA type. This showed in vitro neutralization of the infectivity of 

javascript:;
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR3
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR15
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RV strains.Nevertheless these antibodies are only partly responsible for the neutralizing activity ; 

which indicates  that other components may be also responsible for the  suppressive activity against 

rotavirus[45]. Breast milk also contain probiotics which were shown, in several randomized control 

trials, to prevent  or reduce the duration and complaints of RV gastroenteritis. Human milk is also 

rich in oligosaccharides that exert prebiotic. This has also been proven too of possessing an anti-

RV activity, by decreasing the replication through the acute stage of RV infection[46-47], Also, 

human milk mucin was suggested to share in the preventive power of Breast feeding   against RV 

gastroenteritis. The mechanisim was suggested to be by binding  to rotavirus and inhibiting  its  

replication. Moreover variations  of i milk mucin levels may be associated with different levels of 

protection against RV[43]. Another substance is  lactoferrin . this is a potent inhibitor against  

several viruses, including RV. It  is  ecreated in high level in  the stool of  breast-fed infants .A 

study found that its mechanisim of action will be will be preventing virus attachment to intestinal 

cells  and by binding to viral particles, and inhibiting a post adsorption[48]. Current WHO 

guidelines on the management of diarrhea recommend continued breastfeeding during a diarrhea 

episode [26.41]. Moreover transplacentally acquired IgG and IgM antibodies and in breast milk can 

protect children aged <3 months against rotavirus infection. A Cohort  study by found a lower 

incidence of rotavirus diarrhea in infants that received breast milk [49]. Similar results have been 

reported in other studies[27].  Despite that, however, another cohort study [50] found no difference 

between the breast-fed and bottle-fed infants in the rates of rotavirus. Similar results have also been 

observed by Wobudeya et al. and by Salim et al [26,41].  

Seasonality. RV gastroenteritis is occurring all around the year. Nevertheless there is an 

apparent increase in the incidence of the disease in the cool, dry season. A study conducted in in 

India found that about two third of cases occurred in the cooler months. On the other hand a study 

in   Indonesia showed a clear seasonal trend of rotavirus infection in the hot and dry seasons with 

low humidity [51-52].  On the other hand others found no consistent seasonal variation in cases 2 

consecutive years [26].  

Education of parents. Studies have shown a negative association between the level of 

education and several infectious diseases, including gastroenteritis. This has thought to be due to 

the fact that parents with high education will be more strict in following preventive measures[49]. 

Similar associations have been observed also with RV gastroenteritis. In a study conducted in 

Nigeria a study found that the highest prevalence was detected in children whose parents had 

primary education [54]. Similarly in a study conducted in Sudan among755 children aged less than 

5 years showed that the siblings of illiterate parents were more infected with rotavirus than children 

of educated parents [55]. Similar results have been reported in other studies  [56]. 

Other factors. Other risk factors have also been incriminated in the etiology and severity of 

RV gastroenteritis including. malnutrition, history of low birth weight, history of low birth weight, 

https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR4
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR19
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR20
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR4
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overcrowding, previous diarrheal episodes, and unemployment which were positively associated 

with RV gastroenteritis. A high prevelance of RV gastroenteritis has been found to be strongly 

associated with low socio-economic status.  Poverty, overcrowding and low education are closely 

interrelated with each others which determine the socio-economic status of individual. The of links 

between the social environment and infectious diseases has long been observed, particularly in 

developing countries,to increase the burden of infectious diseases, especially feco-oral ones. Recent 

preventive measures have urged the importance of identifying vulnerable groups on an ecological 

level. Other risk factors include day care centres for infants and nursing homes for the elderly. This 

facilitate the transmission of the virus, and lead to Rotavirus outbreaks. Nosocomial RV infections 

are also frequently reported which might be attributed to overcrowding, high load of viral infection 

cases and overcrowding [2,26,27, 29,32, 38, 49, 54,56]. 

1.4. Epidemiology of Rotavirus 

 Rotavirus is the main cause of non-bacterial gastroenteritis ; particularly among those aged 

less than 5 years of age [4, 30]. Rotavirus gastroenteritis is present in all developed and developing 

countries. It causes high morbidity globally and high mortality in developing countries. The latter 

has been reported to cause about 800,000 child deaths each due to the synergetic effects of poor 

nutrition and low health care in developing countries [35]. 

 Globally diarrhea, in general, is causing about 1.5 million deaths; where about one fifth of 

those are among children under the age of 5 [41]. In a review of literature on studies published 

between 1986 and 1999 the RV gastroenteritis has found to be the cause of 440,000 annual deaths 

among those children [4]. Moreover in another study a total of 527,000 children aged <5 years were 

reported died from rotavirus infection in 2004, mainly in sub-Saharan Africa and  South-East Asia 

[58].  

 Several studies have been conducted globally on the prevalence of rotavirus disease. Most 

of such studies have been on children<5 years old. There has been great variation on prevalence. 

In a study conducted in Bangladesh on 574 fecal specimens of children with diarrhea between  

February 2014 to January 2019; 24.4% of cases found positive for RV type A. The peak was during 

November to February; with one third of cases among infants aged 4-11 months [59]. Similarly in 

Albania the prevalence of RV among less than five was 21% of tested stool samples with 80% of 

positive in children under 2 years of age, which accounted for 80.8% of all positive cases.[60]. In 

Iran a study was done on 259 hospitalized and 245 children less than five years attending primary 

health departments suffering from acute diarrhea. The prevalence of RV detected was 78% using 

three methods for detection ELISA, reverse transcription-polymerase chain reaction, and 

electropherotyping [61]. On the other hand only a 22.9% of the 717 children with acute diarrhea 

were found positive for RV using ELISA in Nepal [62]. Similar results also found in Kenya where 

https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR1
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR2
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR3
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR4
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR1
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR5
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17% of the 237 children hospitalized with acute gastroenteritis tested positive for group A rotavirus 

in stool specimens [63]. In China 34.3% of the 767 stool  specimens of children with diarrhea were  

positive for rotavirus ; with the  peak incidence was in February  and March [64]. In Indonesia 53% 

of the 1321  with acute gastroenteritis, stool samples were positive for rotavirus [51] A case-control 

study of 65 patients less than five years old with acute gastroenteritis and 35 healthy age matched 

control were studied in Egypt using three detection methods. qr RT-PCR, immune-

chromatographic test and ELISA . Rotavirus was detected in (76.9%)  (69.2%) and (67.7%) of the 

65 patients respectively with the highest rate among children within the age group of 6–12 months 

[65]. 

 On the other hand the RV gastroenteritis still representing a main cause of nonbacterial 

enteritis in developed countries, despite the significant general decrease of mortality of 

gastroenteritis. In Portugal, for example, a study conducted on 237 children hospitalized with acute 

gastroenteritis showed that RV was the main cause of the disease [66]. Similar findings were 

observed in other developed countries [3, 7.18, 36]. 

1.5. Control and prevention of Rotavirus 

 Rotavirus is transmitted by faeco-oral route. The virus   shed in stool in large quantities 

during diarrhea. Accordingly close person-to-person contact, is important and only few virions are 

needed to cause the disease due to high contagious character of the disease. Contaminated fomites 

also have a role in the transmission of rotavirus, especially hospitals [67-68] The airborne droplets 

route has been also incriminated not been proved [63]. Accordingly, like other causes of diarrhea 

transmitted by faeco-oral route are important in the control and prevention of RV gastroenteritis. 

 Rotavirus induces diarrhea through the destruction of enterocytes, intestinal secretion 

stimulated by rotavirus non-structural protein and activation of the nervous system. In addition 

antigenaemia and viraemia. Reinfections with the virus are common throughout life, although the 

severity is reduced with repeat infections. The rotavirus-specific immunoglobulin A has a role in 

the protection against the virus and recovery from infection, but the mechanism is poorly 

understood [69]. 

Following the introduction of rotavirus vaccines A reduction in the disease has been observed 

in many countries. Studies showed that 10 years after the adoption of RV vaccination into the 

national immunization schedule there have been reductions of the medians of hospitalizations due 

to diarrhea 38% ,rotavirus disease  hospitalizations 67% and all-cause diarrhea deaths decreased by 

38%, 67% and  42% respectively. [21, 25] Also there has been herd immunity of unvaccinated 

children in developed, but not in developing, although the reasons for this are unclear [70]. The 

vaccination has been effective in 80–90% against severe disease in high-income countries, despite 

https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1471-230X-14-54#ref-CR6
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the fact that -specific antibodies sufficient for virus neutralization are found in only 30–50% of 

vaccines [71].      

Live oral rotavirus (RV) vaccines used worldwide are most effective in reducing diarrheal 

hospitalizations from RV in high income countries and least effective in low income countries 

where RV remains a prime cause of death in children. Research has failed to fully explain the reason 

for this difference of efficacy for RV vaccines. The ultimate control of RV diarrheal will likely 

require both oral and parenteral vaccines.  In the USA there are two licensed vaccines since 2006. 

RotaTeq® (RV5), which is given in three doses at 2 months, 4 months, and 6 months of age and 

Rotarix® (RV1), which is given in two doses at 2 months and 4 months of age.. Vaccine 

effectiveness against hospitalization ranges between 85 and 90%, and herd protection contributes 

to the overall impact of vaccination [69, 72]. An extended meta-analysis review on the efficacy of 

RV vacciens was conducted by Soares-Weiser et al in 2012 by reviewing 41 randomized clinical 

trials included 186263 participants in low and high child mortality settings. They assessed the two 

licenced vaccines. the monovalent  RV vaccine(RV1, Rotarex) and the pentavalent RV 

vaccine(RV5, RotaTeq). The study found that the prevention of Rotarix in low mortality regions 

was 86% and 85% of severe gastroenteritis cases among infants and  children of 2 years of age, 

respectively. The RotaTeq  showed a prevention rates of 87% and 82% respectively among similar 

ages. On the otherhand the prevention rates in  high child mortality regions for  Rotarix and RotaTeq 

among the same age groups were 63% and 42% and  57% and 41% of severe gastroenteritis 

respectively. The study also found no significant difference in adverse events noted between the 

two vaccines, in the number of serious adverse events, and intussusception. Accordingly the 

efficacy was lower in high‐mortality countries. Despite that , however, the benefits will be higher 

in those settings, due to the higher burden of disease. Several other types of RV vaccines are 

available in  other countries like China, India and Vietnam , but the efficacy is not fully 

evaluated[73].The  swift and striking declines in severe all-cause and rotavirus gastroenteritis  have 

been demonstrated to  sustained for several years after introduction[74]. 

Another finding from a cohort of 10,421 participants over the age of 6 months who had 

completed the full course of vaccination showed that the efficacy of Rotarix and RotaTeq was lower 

for infants born during RV season, while no significant difference observed for children above 

12 months of age[75].  

In 2016, a total of  81 countries introduced Rotarix or RotaTeq vaccines into the national 

immunization program . Poor nutrition was found to be associated with decreased in the vaccine 

efficacy , while no such effect was observed for breastfeeding at the time of vaccination [76]. 

In addition, some of the demographics of rotavirus disease have changed after the 

introduction of vaccinations into national immunization schedules In Finland, for example, RV 

infection was most common in children <5 years of age before vaccine introduction, but became  
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most common in unvaccinated children between 6 and 16 years of age and individuals >70 years 

of age.   Also some changes in the seasonal pattern of RV were observed, including delays in the 

start of the RV season, a shorter duration of seasons and blunting of seasonal peaks. In the United 

States, for example, the regular annual seasonal pattern of RV disease which was observed before 

vaccine introduction has shifted to biennial increases in circulating rotavirus disease which might 

be due to the accumulation of unvaccinated children over two successive seasons due to moderate 

levels of vaccine coverage  leading to a larger epidemic every alternate year. For review see 

Crawford et al [69] Moreover differences in the genotypes of circulating rotavirus strains have been 

described in some countries after the introduction of RV vaccine. An increased in the prevalence 

of G2P[4] was observed following introduction of the monovalent G1P[8] RV vaccine in several 

countries. Also, similar increases in the prevalence of this stain strains have also been observed in 

countries that introduced the pentavalent RV vaccine (which includes the G2 genotype) .Moreover 

the monovalent G1P[8] RV vaccine was effective at preventing G2P[4]-induced diarrhea. It is not 

clearly known if the differences in RV genotypes represent natural seasonal variation or vaccine-

induced selection pressure. This necessitate continuous  surveillance of RV to monitor genotypes, 

whole genomic characterization of circulating RV strains changes in the epidemiology following 

the vaccine introduction in order to evaluate if the vaccines are affecting the evolution of the 

rotavirus genome. [69,77].The effectiveness of rotavirus vaccines is 30–40% lower in low-income 

countries than in high-income countries, and the causes of this remain incompletely understood. At 

present, all licensed rotavirus vaccines are live attenuated vaccines [69, 78]. 

1.6. Diagnosis of Rotavisrus infection 

 The clinical presentation of RV infection can range from completely asymptomatic to sever 

diarrhea. Such infections are usually rare in infants less than3 months of age and are more likely to 

be of the Asymptomatic. RV infection has no pathognomonic signs or symptoms and RV 

gastroenteritis presentation will be similar to gastroenteritis caused by bacteria or other viruses 

gastroenteritis such as E.coli, Salmonella spp, noroviruses, enteric adenoviruses, astroviruses. 

Moreover reinfection is common, but the severity of disease decreases with each repeat infection 

Accordingly laboratory confirmation is always needed to prove the diagnosis [3, 11, 78].  

Diagnosis was originally conducted by using electron microscopy. This method needs 

special technique and its used is now limited to somecenters and reference labs; where it is 

available. Routine diagnosis is most commonly performed by detection of the antigen in fecal 

samples using commercially available, simple, rapid immunochromatographic dipstick kits. Stool 

specimens collected from the first to fourth days of illness are ideal for detection of RV. The 

shedding of the virus may continue up to 3 weeks, or even longer depending on the severity of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Crawford%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=29119972
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illness. Viral shedding may stop prior to or after the cessation of diarrhea, but usually coincides 

with its duration in most cases 

Enzyme Linked Immunosorbent Assay (ELISA) has been widely used in the detection of 

RV gastroenteritis. It was found to be highly sensitive and specific. The Kopatts kit which was 

developed in Denmark and modified by WHO was evaluated in diagnostic laboratories in different 

countries and showed a sensitivity of 100%, but the high cost limited its use in developing countries. 

Other ELISA kits are now widely available and less expensive.  

Reverse Transcription PCR (RT-PCR)-based assays, are more sensitive and permit 

genotyping of virus isolates. The virus can be detected for longer periods by than by other methods. 

Moreover the RT-PCR has shown to be more sensitive than other methods in the detection of the 

virus. Typing of rotavirus is based on the genetic and antigenic diversity of the 2 outer capsid 

proteins, VP4 and VP7. Surveillance of rotavirus G and P genotypes circulating in communities 

has become important with the recent introduction of vaccines for rotavirus.   

Furthermore the PCR test will be valuable for strain characterization, especially in cases 

occurring in recently vaccinated patients. Viral culture and serology are not routinely available and 

are used for research and for strain characterisation, and they do not have a role in diagnosis of 

acute disease [79-83]. 

1.7. Aim and Objectives 

Aim 

To estimate the prevalence of rotavirus among children less than 5 years admitted to 

secondary care hospital suffering of acute diarrhea, In Duhok, Kurdistan Region, Iraq. 

Objectives 

A-To estimate prevalence of rotavirus among children suffering from acute diarrhea using 

ELISA methods 

B.To measure the prevalence in comparison to socio-demographic factors including. 

- Age 

- Gender 

- Father and Mother education  

- Crowding index in the family 

- Urban or rural residency  

- Attaches of diarrhea suffered last month 

- RV vaccination  

- Type of feeding in the first year of life 

C. To calculate the validity (sensitivity and specificity) of ELISA in comparison to PCR 

confirmatory test.  



 

 

2. PATIENTS AND METHODS 

2.1. Study Design 

 Cross sectional study design was adopted to achieve the aim of this study. 

2.2. Setting 

The study was conducted in Duhok city, which is the center of Duhok governorate. The 

governorate, which is of over one million populations, is one of the 4 governorates constituting the  

Iraqi Kurdistan Region. It is a mountainous area in the far North-West of Iraq bordered by Turkey 

to the North, Syria to the West and Erbil and Nineveh governorates to the East and South 

respectively. 

The collection of the samples was done in Hevi Teaching Hospital. It is the only secondary 

and  tertiary care hospital in the governorate, of a capacity of 200 beds. Patients are referred from 

all districts of the governorate and from private clinics. Moreover patients can also be admitted 

directly from the outpatient department of Hevi hospital. 

2.3. Study period 

The preparation for study was from 2019 to 2021. The collection of samples was from 

January 1st, 2021 to May,31st, 2021, the analysis of the samples was fromJune,1st, 2021to July, 

1st, 2021 and analysis of the results and writing of the thesis was from July, 1st, 2021 to December, 

31st, 2021.  

2.4. Study population 

The study population was children of both genders aged less than 5 years of age who were 

presented to the specialist at Hevi hospital suffering from acute diarrhea and suspected to have 

Rotavirus. All available cases were received by the researcher during his stay in the hospital. All 

available cases which were referred during the period of data collection were included in the study. 

2.5. Eligibility 

Inclusion criteria. all patients referred to the researcher with provisional diagnosis of Rota 

virus diarrhea were included in the study 

Exclusion criteria. age more than 5 years and those whose parents refused to participate in 

the study 
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2.6. Ethical consideration 

The study was enforced by the ethical committee at Duhok Directorate General of Health 

(Appendix I). Before the start of the study approval was also obtained from the manager of Hevi 

hospital. Moreover the aim of the study was explained to the parent(s) or caregivers of the patients 

to take their verbal consent to participate in the study.  

2.7. Collection of the samples 

The patient was received by the researcher who was sitting next door to the specialist. After 

taking ethical consideration from the parent(s), and/or caregivers, The following  information were 

obtained as shown in the chart following ( see also Appendix II). 

 

Full name.  

Age Months. 

Sex Male.                       Female.  

Father education Illiterate-Primary-Intermediate-

Secondary-College 

Mother education Illiterate-Primary-Intermediate-

Secondary-College 

Number of children in the family   

Number of rooms in the house. 
 

Residency Urban                     Rural 

Attaches of diarrhea suffered last month Number    

Information about RV vaccination  Complete      Partial       None 

Type of feeding in the first year of life. Exclusive breast 

Exclusive bottle 

Mixed feeding   

Telephone number. 
 

 

The crowding index in the house was calculated by dividing the number of residents, 

excluding the newborn infants, divided by the total number of rooms in the house. The urban 

residency was considered wherever there was municipal office in the city otherwise the area was 

considered to be rural.  
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2.8. Collection and storage of stool samples 

The stool sample were put in sterile special container for stool collection   marked with the 

number and name of the patient. A stool sample was taken from the patient, as part of the routine 

in the hospital. Each one sample from the selected patients was marked also with my name for 

follow up. The lab workers were instructed that the sample marked by my name to be kept at -22 

centigrade, after conducting their part on it, for the research. Also a phone call was done with the 

parent to be sure that the patient had given stool sample. The same procedure was also conducted 

for patients who were admitted directly to the ward, where a visit was done by the researcher. After 

the end of the day the researcher visited the lab and collected the samples devoted for the study. 

After that the samples were transported by Ice box to be frozen and the process of transferring 

samples takes approximately 10 minutes. All samples were transferred to the laboratory of the 

preventive medicine department where each sample was subsequently divided into 3 parts marked 

and put in Eppendorff tube and stored at -22 centigrade until analysis was done. 

2.9. Analysis of the samples 

2.9.1. ELISA test  

The ELISA test was conducted by the researcher at the virology lab in the preventive 

medicine department. The test was set to detect the antigen. The kit used was EPITOPE 

DIAGNOSTICS, INC. (EDI) U S Origin Fecal RV ELISA Kit. Enzyme linked immunosorbent 

assay (ELISA) is a widely established method for detection of antigens in biological samples. This 

is conducted by using highly specific antibody-antigen interactions to detect the target antigen. The 

antigen is immobilized to a solid surface; directly or by the use of a capture antibody itself 

immobilized on the surface. The antigen is then joined to a detection antibody to a molecule 

amenable for detection. 

In general there are 4 methods in ELISA. direct, indirect, competitive and sandwich ELISA. 

The sandwich ELISA method, or sometime called sandwich immunoassay, was used in this study. 

The kit is intended for the qualitative detection of of rotavirus antigen in stool samples This  is the 

most commonly used method. It requires two antibodies specific for different epitopes of the 

antigen; which are referred as matched antibody pairs. The first antibodies is coated on the surface 

of the multi-well plate to be used as a capture antibody for immobilization of the antigen.  The 

second antibody is conjugated to help for the detection of the antigen.This method is considered to 

be highly sensitive and  specific with high flecability [79,83]. 

 The procedure was according to the kit instruction as follow. 
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100 microliter of diluted calibrators was added and diluted samples into the designated micro 

wells and then mix by gently tapping the plate  

The plate was then covered by with one plate sealer and aluminum foil and incubated at room 

temperature (20-25 centrigrade) for 60 minutes  

The plate sealer was then removed and the contents were aspirated from each well. Each well 

was washed 5 times by dispensing 350 microliter of diluted wash solution into it, and then 

completely aspirate the contents. Alternatively, and automated micro plate washer can be used. 

Then 100 microliter of tracer antibody was added to each well and mixed by gently tapping 

on the plate. 

The plate was then covered by one sealer and aluminum foil and incubated at room 

temperature (20-25 centrigrade) for 30 minutes. 

After that the plate sealer was removed and the. contents were aspirated from each well . 

Each well was washed 5 times by dispensing 350 microliter of diluted wash solution into it, and 

then the contents were completely aspirated. Alternatively, an automated microplate washer can be 

used. 

100 microliter of ELISA HRP substrate was then added to each well and mixed by gently 

tapping the plate.  

The plate was covered with one plate sealer and aluminum foil and incubated at room 

temperature (20 – 25 Celsius) for 20 minutes. 

The aluminum foil and plate sealer was then removed and 100 microliter of ELISA Stop 

solution to each of the wells and gently mixed by tapping the plate. 

FİGURE2.1.and Figure 2.2.  shows the preparation of the stool sample for the analysis of 

RV antigen by ELISA 



17 

 

 

 

Figure 2.1. The preparation of stool sample for analysis of RV antigen by ELISA 

 

 

Figure 2.2. ELISA rack (A to F) with positive reaction  yellow color) and negative reaction (colorless) 

The absorbance was then read at 450 nm within 10 minutes with a micro plate reader using  

(Biotech ELx 800-Epson/USA), shown in Figure2.3.  
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Figure 2.3. Biotech ELx 800-Epson/USA used for the detection of RV antigen in stool samples 

2.9.2. PCR test  

The analysis was done at Vin Private Hospital because the PCR of the central laboratory of 

Duhok General Directorate of health was devoted totally for Covid-19 tests; using GeneAmp PCR 

system 9700 USA origin (Figure2.4.).  
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Figure 2.4. GeneAmp PCR system 9700/USA used for the analysis of the samples 

The procedure conducted was according to the as follow. 

All positive ELISA samples were transferred 20 – 50 mg in 1.5 ml micro centrifuge tube and 

dissolved with 250 microliter of pure distilled water and vortex for 10 – 15 seconds; then 

centrifuged at 13000 rpm for 30 seconds at room temperature. After that 150 – 200 microliter of 

supernatant was taken for extraction. 

The procedure was as follow. 

To begin the process the required number of 0.2 (0.5) ml disposable micro centrifuge tubes 

were prepared then, a reagent mix that is ready to use is prepared for 12 reactions after that, 5 

microliters of RT-Gmix-1 was added to the tube that contains the RT-MIX and carefully mixed on 

vortex for 3 seconds and centrifuged for 5-7 seconds. Having done the previous steps, 6 microliters 

of revertase (MMIv) was added to the tube with the reagent mix, pipetted 5 times, mixed on vortex 

for 3 seconds, and centrifuged for 5-7 seconds to remove any drops from the internal surface of the 

test tubes caps. After that 10 microliters of reagent mix that was ready to be used was disposed into 

the prepared test tubes. Next, 10 microliters of RNA- samples was added to the appropriate test 

tube with the mix and mix it using the pipette. After that, the test tubes were placed into the 

thermocycler and incubated at 37 C for 30 minutes. Finally, each cDNA sample was diluted in to 
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ratio 1.1 with DNA-buffer. To do that, 20 microliters DNA-buffer was added to each of the used 

test tubes and mixed carefully for 10 times using the pipette. 

PCR protocol. The protocol was cording to GENET BIO Korean origin as shown below   

   - 12.5 microliters master mix  

   - 2 microliters primer ( forward and reverse ) 

   - 1.5 microliters cDNA 

   - 4 microliters DNase, RNase free water (total PCR volume 20 microliters) 

  - 95 Celsius for 5 minutes  hold  

  - 95 Celsius for 30 seconds  

  - 50 Celsius for 45 seconds  

  - 72 Celsius for 45 seconds  

  - 72 Celsius for 7 minutes  hold  

  - primers used for the detection of Rotavirus Con2(ATTTCGGACCATTTATAACC) 

 And Con3 (TGGCTTCGCCATTTATAGACA) 

2.9.3. Gel electrophoresis. 

Then 50 ml of  distilled water  was added to a vial containing 1 ml TAE buffer, then 0.5g  

agarose was added  and  cooled  until all parties reach about 60C , add safe dye and pour double – 

sided comb until applied it dissolves in the range. Next, the comb was removed and, the sample 

was loaded by placing it in the Gel tank, with a voltage (100 u 20 min) from negative to positive 

charge, and then the gel was placed under UV light to visualize the bands. 

2.10. Statistical analysis 

Data were entered and analyzed using SPSS 26. Frequency and frequency percentages were 

used to describe categorical variables, and mean, range and standard deviation were used to 

describe numerical variables. Chi square test (or when not applicable due to low cells frequency, 

Fisher’s exact test) was used to test the relationship between socio-demographic and medical 

factors, on one hand, and ELISA test result, on the other hand. A p value less than 0.05 was 

considered statistically significant. 

The sensitivity, specificity and predictive values of positive and negative tests and likelihood 

ratios of positive and negative test results  for ELISA were computed considering the PCR test as 

the gold standard test. For categorical variables, frequency and proportions were computed, The 

Proportions were tested by chi-squire test, and P value less than 0.05 was considered statistically 

significant. 
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2.10.1. Results  

A total of 310 children under the age of five suspected to be suffering from RV gastroenteritis 

were investigated and collected during the study period. The demographic characteristics of 

the studied population and their characteristics is shown in Table 3.1.  

Table 3.1. Demographic characteristics of the study population 

Characteristic Number % 

Age (years) < 1 year 37 11.9 

1 - < 2 years 123 39.7 

2 - < 3 years 99 31.9 

3 - 4 years 51 16.5 

Sex Male 144 46.5 

Female 166 53.5 

Father education Illiterate 129 41.6 

Primary 49 15.8 

Intermediate 25 8.1 

Secondary 14 4.5 

College 93 30.0 

Mother education Illiterate 128 41.3 

Primary 66 21.3 

Intermediate 21 6.8 

Secondary 8 2.6 

College 87 28.1 

Residence Urban 225 72.6 

Rural 85 27.4 

Crowding index  1 164 52.9 

≥ 2 146 47.1 

Rota vaccination  Yes 134 43.2 

No 103 33.2 

Partial 4 1.3 

Unknown 69 22.3 

Feeding type Exclusive 28 9.0 

Bottle 20 6.5 

Mixed 262 84.5 

Diarrhea during the last month Yes 291 93.9 

No 19 6.1 

Total 310 100.0 

 

Table 1 reveals that about 80% of the patients were in the age group 1-< 3 years; with slightly 

higher females than males. The illiteracy rate among either or both mother and father exceeded 

40%. Table (3.1) also illustrates that about three quarter of the patients were living in urban areas, 
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and about half of them have a high crowding index. The frequency of diarrheas in the previous 

month among the studied population was about 94%. Finally Table 3.1. reveals that only 9% of the 

patients had an exclusive breast feeding in the first year of life while about 85% had mixed type of 

feeding. Also only 43.2% have had vaccination to Rotavirus. 

The descriptive statistics of some patients characteristics is shown in Table 3.2. The means 

for the age of the sample was 23.9 (+/- 11.11). Months, weight was 9.9 (+/- 3.35) Kg, number of 

children in the family was 4.5(+/- 1.23), number of rooms in the house was 2.5(+/-0.67) and 

crowding index rate was 1.9(+/-1.34), as shown in Table 3.2. 

Table 3.2. Descriptive statistics of some patients’ characteristics 

 
No. Minimum Maximum Mean 

Standard 

deviation 

Age (months) 310 1 48 23.9 11.11 

Weight (kg) 309 3.0 17.8 9.9 3.35 

No. of children 310 1 10 2.3 1.23 

No. of family members 310 3 44 4.5 2.56 

No. of rooms 310 1 7 2.5 0.67 

Crowding index 310 0.6 22.0 1.9 1.34 

 

 

The absorbance values of ELISA test was read on wavelength 450 and results of infectivity 

are shown in table 3.3 
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Table 3.3  ELISA absorbance values on wavelength 450  showing the results of infectivity test  

 

1                     2                      3                   4                    5                   6               7                    8                     9                     10                 11                 12 

0.170 

STD1 

0.101 

SMP3 

2.145 

SMP11 

2.259 

SMP19 

2.109 

SMP27 

0.166 

SMP35 

0.220 

SMP43 

 

0.957 

SMP51 

0.201 

SMP59 

 

1.315 

SMP67 

0.171 

SMP75 

0.173 

SMP83 

0.192 

STD2 

4.450 

0.170 

SMP4 

0.177 

SMP12 

0.431 

SMP20 

 

2.088 

SMP28 

0.145 

SMP36 

2.144 

SMP44 

0.152 

SMP52 

0.218 

SMP60 

 

0.162 

SMP68 

2.628 

SMP76 

0.220 
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SMP71 
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0.434 

SMP58 
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0.263 
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1.682 
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24 

 

It is found that , 29% of patients gave positive results for RV antigen in the stool, while the 

rest of 71% of them gave a negative result, as shown in table 3.4 and Figure 3.1.  

 Table 3.4. ELISA test results for RV antigen among children less than 5 years suffering from 

gastroenteritis. 

 Number % 

Positive 89 29.0 

Negative 218 71.0 

Total 307 100.0 

 

 

 

Figure 3.1. The prevalence of RV among among children less than 5 years suffering from gastroenteritis in 

Duhok, Kurdistan Region, Iraq 

The relationship between positivity to RV and different characteristics of the patients is 

shown in Table 3.4.. No significant relationship was detected between the presence of RV in stool 

samples by ELISA test and age, gender and crowding index of the studied sample. On the other 

hand, there was a significant association between the education of fathers and mothers and the rate 

of Rota virus infection among their children, with higher rate among those with illiteracy or lower 

education. The rate of RV infection was also significantly higher among rural than urban  residents. 

The study also reveals that all those who received partial or complete vaccination had no attack of 

Rota virus infection (Table 3.5 ). The frequency of diarrhea in the last month was significantly 

associated with Rota virus infection; with higher rates among those having less frequent attacks. 

Finally the children who had exclusive bottle feeding in the first year of life had significantly higher 

rates of positivity in comparison to other groups. 

29%

71%

RV Positive RV Negative



25 

 

Table 3.5. Relationship between ELISA test results and patients’ characteristics (n = 307) 

Characteristic 

ELISA  

Positive Negative P value* 

No. % No. % 

Age (years) < 1 year 15 40.5 22 59.5 
0.099 

1 - <5   years 74 27.4 196 72.6 

Sex Male 42 29.4 101 70.6 
0.891 

Female 47 28.7 117 71.3 

Father education Illiterate 49 38.6 78 61.4 

0.038 

Primary 12 24.5 37 75.5 

Intermediate 4 16.7 20 83.3 

Secondary 3 21.4 11 78.6 

College 21 22.6 72 77.4 

Mother education Illiterate 50 39.7 76 60.3 

0.013 

Primary 14 21.5 51 78.5 

Intermediate 6 28.6 15 71.4 

Secondary 1 12.5 7 87.5 

College 18 20.7 69 79.3 

Residence Urban 53 23.7 171 76.3 
0.001 

Rural 36 43.4 47 56.6 

Crowding index  <2 84 28.9 207 71.1 
0.784 

>3 5 31.3 11 68.8 

RV vaccination  Yes 0.0 0.0 133 100.0 

<0.001 
No 60 58.8 42 41.2 

Partial 0.0 0.0 3 100.0 

Do not know 29 42.0 40 58.0 

Feeding type Exclusive 10 35.7 18 64.3 

0.038 Bottle 10 52.6 9 47.4 

Mixed 69 26.5 191 73.5 

Diarrhea during the last 

month 

Yes 77 26.6 212 73.4 
<0.001 

No 12 66.7 6 33.3 

Total 89 29.0 218 71.0  

* From Chi square test (except for vaccination schedule, Fisher’s exact test). 
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The PCR test was conducted on 65 negative and 45 positive samples by ELISA, using PCR 

products of amplified  rRNA gene, as shown in Figure3.2.   

 

Figure 3.2. PCR products of amplified  rRNA gene 

The PCR study was used to estimate the validity of ELISA test in diagnosing RV 

gastroenteritis. The results are presented in table 3.5 below. The table shows that the sensitivity and 

specificity of ELISA Test were 88.89% and 100% respectively. The predictive values of a positive 

and a negative test were 100% and 92.86% respectively. Finally, table (3.6 ) shows that the 

likelihood ratios of a positive and a negative test were unidentified and 0.113 respectively, and the 

diagnostic accuracy of the ELISA test was 95.45%. 

  

   1    2     3    4     5   6     7    8     9    10   11  12  13 14  15  

  21  22  23  24  25  26  

1
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Table 3.6. The validity of ELISA Test in diagnosing RV infection, by using PCR as gold standared test 

among a sub sample of positive and negative ELISA test 

E
L

IS
A

 

PCR 

Positive Negative Total 

40 (a) 0(b) 40  

5 (c) 65 (d) 70 

45 65 110 

 

Parameter Estimate 

Sensitivity = [a/(a+c)] 88.89% 

Specificity = [d/(b+d)] 100.00% 

Positive Predictive Value = [a/(a+b)] 100.00% 

Negative Predictive Value = [d/(c+d)] 92.86% 

Diagnostic Accuracy = sensitivity + specificity  95.45% 

Likelihood ration of a Positive Test = [sensitivity/ (1-specificity)] Undefined  

Likelihood ration of a Negative Test = [(1-sensitivity)/ specificity]   0.113 

 

2.10.2. Discussion 

To our knowledge this is the first study of the prevalence of RV gastroenteritis in Duhok, 

Iraq. The sample has been collected from Hevi hospital in Duhok city, the capital of Duhok 

government of Kurdistan Region of Iraq. This will give strengths to the study as it is the only 

secondary and tertiary care hospital in the governorate, where all patients needing hospitalization 

will be transferred to it. Moreover, the hospital also accepts patients coming directly to its outpatient 

department; or referred by specialist pediatricians. According to the sample is considered relatively 

representative for the population of Duhok. 

Diarrhea is still the main cause of morbidity and mortality among children less than 5 years 

of age. The prevalence of mortality from diarrhea has decreased in developed countries; but remains 

a major cause of death among this age group in developing countries [4, 41, 58]. Several causes 

have been incriminated in the etiology of the disease including several bacteria and viruses. 

Nevertheless, RV is still considered the major cause of diarrhea among children less than 5 years 

of age in developed and developing countries [4, 22, 30] 

Knowing the prevalence of a disease will usually help in planning for curative and preventive 

health services in a specified country [1, 2, 8, 33] Few studies are available about prevalence of RV 

gastroenteritis [6, 86-88].  
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The current study used EIISA method for the detection of RV antigen in the stool of 

suspected patients. This method has been shown a high sensitivity, specificity and accuracy rate. 

This is similar to results reported  in other studies and frequently used as a valid screening test 

while the PCR is commonly used as a reference test for genotyping of R.V [79, 81, 83].   

The use of sandwich ELISA system, like the one used in this survey, was found to be 

effective in the detection of RV antigen in the stool. The method was reported in several studies to 

be rapid, reliable and sensitive for diagnosing RV infection; where compared with other methods 

like electron-microscopy, immunoelectro-osmophoresis, and fluorescent antibody techniques. The 

ELISA was also found to be comparable to PCR in survey, despite the fact that the PCR was 

relatively more sensitive and specific, but more tedious and needs expert hand and instruments[ 90-

92 ].  

In This study, it is found that the prevalent of RV gastroenteritis by EIISA was 29% of patient 

presented with   gastroenteritis. There have been variations in the prevalences of RV as a cause of 

diarrhea in difficult countries. Closely similar finding to this study was observed in Bangladesh 

during a surveillance of circulating rotavirus among children with gastroenteritis for the period 

2014-2019; where 24.4% of the 574 examined fecal samples were positive to RV [59]. The finding 

was also closely similar to the rate of 21% found in a similar hospital based study in  Albania for a 

study period 2007-2010 by ELISA [60] and to the 22.9% detected also by EIISA method among 

the 717 children with acute diarrhea in Nepal in 2017 [62]. Similarity prevalences of 33% and 37% 

were found in Jordan in 2000 and in Turkey in 2005 respectively [84-85]. 

The prevalence in our study was lower than those reported in other countries like Iran in 

2004[61], Indonesia in 2009 [47], Eygpt in 2015[65], China in 2013[60] and Diyala in Iraq in 

2020[78]. where the positive rates were 78%, 53%, 67.7%, 34.5%, and 47.3% respectively The 

differences might be due differences in the target population or seasonality. The latter is expected 

if the samples were collected in the peak incidence months of February and March; as reported in 

China in 2013 [64]. On the other hand, the rate in the present study was slightly higher than that 

found in Kenya in 2017 where 17% of the 237 children with gastroenteritis found to had RV 

infection[63]. Also, the differences might be attributed to the design of the study. In an earlier study 

in Iran in 2004 for example, a prevalence of 35% was reported [93]. 

In Erbil the capital of Kurdistan Region a study was conducted on 260 children aged less 

than 5 years with diarrhea. The study was also used to detect RV antigen in frozen stool samples 

as a screening test. They found a prevalence rate of 37% by EIISA test. That study was conducted 

between March and May 2005, and this might explain the slightly higher prevalence observed as 

RV usually peak on those months [6]. On the other hand, a similar study conducted in Basra, Iraq 

in 1987 found a prevalence of 24%, which was closely similar to the finding of the study [87], 

while a recent study in Al-Anbar province in Iraq in 2020 found a prevalence of 32.6% by using 

https://pubmed.ncbi.nlm.nih.gov/33253257/
https://pubmed.ncbi.nlm.nih.gov/33253257/
https://pubmed.ncbi.nlm.nih.gov/33253257/
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rapid test for stool samples among 150 –children who visited hospitals suffering from 

gastroenteritis [88]. Also, a prevalence of 33% was found among under-fives admitted to al Masor 

hospital in Baghdad in 2016 by using Anti-Rotavirus Antibody rapid test [89]  It is determined that 

in this study , about 81% of cases visited the Hevi hospital suffering from diarrhea were in the age 

group 1-3 years; with a mean age 0f 23.9 months. The study also reveals that the prevalence of RV 

infection was significantly higher among infants (aged less than 1 year) in comparison with older 

age groups. Similar results were also found in studies conducted in Iraq  in Erbil,Bsrah, AlAnbar, 

Diyala and Baghdad[6,86-89]Similarly, the WHO found that most cases were among children aged 

6-24 months with a peak in 9-12 months [25]. Also, a study conducted in Kenya found that the 

majority of cases were among children less than 12 months of age [27]. Similar results were also 

reported in Jordan , India and Turkey [28,30,94]..  

It is found that female’s rate was slightly lower than males (28.7 vs 29.4) and the difference 

was not statistically significant. In Baghdad, Iraq a significantly higher rates were reported among 

females [89] while in Egypt, and similar to this study, both genders showed a relatively similar 

rates [65]. On the other hand, other studies showed higher rates among males in comparison to 

females [26, 35, 94]. The WHO stated a 20% excess in male cases and -claimed that might be 

attributed either to higher susceptibility or more frequent use of health service for male boys than 

girls. The latter might not be the case in Duhok where both genders are equally seeking health 

service [37]. 

This study revealed that siblings of educated parents are significantly less likely to get RV 

gastroenteritis than those whose parents are illiterate or with primary education. The results were 

significant for father and / or mother of affected children. There have been several studies which 

the linked higher prevalence of feco-oral diseases with the education of parents and suspected the 

cause to be the general cleanliness and observing prevents measures, which are more porn to be 

conducted by educated parents [-49]. Similarly, higher rates of RV gastroenteritis were reported 

among the children of illiterate parents in Nigera [35], Sudan [55] and other countries [56]. 

The current study also found that all vaccinated children had a negative EIISA test of RV in 

comparison to 41.2% among the unvaccinated children. In Duhok, Kurdistan 2 types of RV 

vaccines have been used. The current one is Rotarix R, which was in use for last 3 years in the 

vaccination schedule of under-fives. This vaccine is given in 2 doses orally first in the 2nd month 

and the second in the 4th month of age, provided that the second dose is not exuding the 6 months 

of age. Other vaccines were in use before that, starting intermittently since 2011Vaccination against 

RV has revised the epidemiology the disease, with significant decrease in the mortality and 

morbidity of RV gastroenteritis. Also, the vaccination stimulate herd immunity of unvaccinated 

children and has a significant outcome of reducing sever forms of RV gastroenteritis [21, 25, 70-

71]. Several studies have also demonstrated the significant effect of RV vaccination in the control 
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and prevention of the disease. A global analysis of vaccination in 72 countries showed that it can 

prevent 2.4 million deaths and 83 million disability adjusted life years for the estimated period of 

20 years (2011 -2030) [96]. 

It is found that in this study, about three quarters of negative cases have been from urban 

areas and the total positive cases was significantly higher in rural than urban children. This might 

be due to the possibility that urban cases can access the hospital more easily than rural cases; so, 

they might be suffering from other causes of mild gastroenteritis. Similarly in a study in China 

about 93% of all deaths from RV had occurred in rural areas [97]. 

No significant differences were found recoding the crowding in patient's houses. Other 

studies found that overcrowding was associated with more cases of RV gastro enteritis [2, 26, 38]. 

The finding in this study might indicate that mothers in all houses are following the general 

cleanliness regarding of the crowding in the house. 

The study showed that children who were on bottle feeding have significantly higher rates 

of RV than those who were on exclusive breast feeding. Similar results have also been on reported 

in other studies [27, 49]. This was through to be clue to combination of several factors. Breast milk 

is more sterile than bottle milk which is exposed to contamination during preparation. Also, it 

contains several other components including mucin, which inhibit RV replication [42. 43], in 

addition to the presence of antibodies in breast milk which are the main factors in preventing the 

disease among infant aged < 3 months [27, 49]. 

The present study demonstrated that most of the sample had at least one attack of diarrhea, 

except the present attack, in the month before visiting the hospital. Nevertheless, the prevalence of 

RV was significantly higher among in children who had no attack of diarrhea, other than the present 

one, in the previous month. This might be explained by the possibility that those who had frequent 

attacks of diarrhea might have got some immunity against RV gastroenteritis [98]. 

Finally, the study revealed that EIISA test has been with a high diagnostic accuracy rate of 

95.45%. The sensitivity was about 89% This means that the test can diagnose 89% of true positive 

cases, and only 11% of true positive case will not be diagnosed by EIISA. This might be  suitable 

for a screening test. On the other hand the specificity was 100%. This means that EIISA test can 

diagnose all negative cases of RV gastroenteritis. Both positive and negative predicate values were 

above 92% and 95% respectively, which again will give more faith in the positive and negative 

results of the test. Similar conclusion will be applied for the likelihood ratios of positive and 

negative test results. Usually, a likelihood ratio of a positive test  <10 is often conclusive for a 

positive result. The study found that it value is very large (undefined). Furthermore, the like hood 

ratio of a negative test result was 0.113. This indicates that a negative  test result is associated with 

the absence of the disease, as the smaller the LR- from (1.0) the more informative the negative test 

[-99]. Generally, EIISA has been widely considered as a good screening test of RV antigen in the 



31 

 

stool [ 79,81, 83]. This has also been reported in other studies which showed increase detection of 

RV by using RT-PCR in comparison to EIISA test. In a study in Norway for detection of RV in 

stool samples where the detection rate by ELISA was 63% in comparison to 72% by PCR among 

children <5 years of age admitted to hospital with diarrhea for the period 2006-2008. This might 

be due to the ability of PCR in detecting lower virus load [100-101]. The PCR is more tedious and 

expensive and needs expert hand. Usually, PCR is not used for screening of RV but rather for 

research and molecular characterization of RV strain; as with the study conducted in Erbil, 

Kurdistan Region by in 2006 by Herish et.al. Similar results have also been reported where PCR 

was used for strain classification; particularly before and after vaccination [16, 17, 18]. 



 
 

3. CONCLUSIONS & RECOMMENDATIONS 

3.1. Conclusions 

The study showed that RV was very prevalent in the etiology of gastroenteritis in Duhok, 

Kurdistan region, Iraq detected by ELISA method witch was a valid screening test. The main 

conclusions drawn from the study are. 

1- The RV represent 29% of cases of gastroenteritis among under five children admitted 

to the only secondary care hospital in Duhok.  

2- ELISA method for detecting RV antigen in the stool was an accurate screening test with 

high sensitivity and complete specificity in comparison to PCR test. 

3- Infants < 1 year had significantly higher rate of RV in comparison to other age group. 

4- Lower education of father and /or mother was significantly associated with higher 

positive cases of RV. 

5- Exclusive breast feeding was significantly associated with lower -prevalence of RV. 

6- No case of RV gastroenteritis was reported among vaccinated children. 

7- Rural children are at higher risk of getting RV than urban children. 

8- No significant associations were detected between the prevalence of RV infection and 

gender and crowding index. 

3.2. Recommendations 

This is the first study on the prevalence of RV among children suffering from gastroenteritis 

in Duhok. The Rv was an important cause of diarrhea and the main recommendation which can be 

aken from this study are. 

1- RV should always be considered in the etiology of gastroenteritis as it represented an 

important cause of the disease among under-fives children in Duhok, especially among 

infants. 

2- Encouraging parents to get better education will decrease the prevalence of RV 

gastroenteritis  

3- EIISA test on stool sample was found to be of high accuracy to be recommended for 

screening tests. 

4- A more extended cohort study of children with gastroenteritis is recommended to 

evaluate the outcome and prognosis of the disease in relation to RV infection. 

5- Vaccination is very important tool in the control and prevention of RV, and it should be 

continued to be included in the routine vaccination program of under-fives. 

6- A PCR study of the genotype of RV present in Iraq is recommended to arrange for a 

proper preventive program in relation to current vaccination. 
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