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Abstract 

Background:  
 Acute diarrhea is one of the commonest pediatric illnesses world-wide, although the importance 

of Norovirus as a cause of gastroenteritis outbreaks is well documented and its role in sporadic 

gastroenteritis is not well characterized.  

Objective: To detect Norovirus genotypes among hospitalized children with acute 

gastroenteritis in Gazeera State, Sudan.  

 Materials and methods: 50 stool specimens were randomly selected from 300 stool 

specimens screened for Rotavirus using the enzyme-linked immuno-sorbent assay (ELISA). 

Negative Rotavirus specimens were tested for Norovirus RNA using the reverse transcription 

PCR (RT-PCR) technique. 

Results: All the specimens investigated were negative for Norovirus genotypes. 

Conclusion: Norovirus RNA was not detected among hospitalized children with acute 

gastroenteritis in Gazeera State, Sudan.                                                      
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Introduction  
 

Acute gastroenteritis remains the leading cause of morbidity and mortality worldwide, especially 

among those under five years old. The global mortality is estimated at two million per year, 

solely in developing countries. Many infectious agents (bacteria, parasites, viruses) are 

implicated, but viruses are mainly responsible for endemic and epidemic gastroenteritis mostly 

represented by group-A Rota viruses (RV), Astroviruses, Human Adenoviruses, and Norovirus. 

Norovirus, a genus within the family Caliciviridae, have emerged as an important cause of 

epidemic and sporadic diarrheal disease in humans of all ages worldwide1.                                                    

The Norovirus genome consists of a single strand of positive-sense RNA organized into 3 open 

reading frames (ORFs). ORF1 encodes nonstructural proteins such as RNA dependent RNA 

polymerase, ORF2 encodes viral capsid protein 1, and ORF3 encodes a small capsid protein  
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 (viral capsid protein 2) associated with stability of viral capsid protein 1. According to 

nucleotide sequence analysis of the polymerase and capsid regions, Norovirus are classified into 

5 genogroups, GI to GV; each genogroup can be further divided into several clusters or 

genotypes. Genogroups GI, GII, and GIV have been found in humans, though GII seems to be 

the predominant strain around the world2.                                                                                                      

Studies have demonstrated that Norovirus is the most important etiological agent of acute non-

bacterial gastroenteritis outbreaks, which are transmitted mainly by contaminated food and 

water; Norovirus affects adults and children worldwide. Norovirus infections are of critical 

importance in developing countries, where Norovirus is responsible for up to 1.1 million 

hospitalizations and causes approximately 218,000 deaths per year3.                                                    

The aim of this study was to clarify the prevalence rate of Norovirus genotypes among 

hospitalized gastroenteritis children less than 5 years of age, during July 2014 to May 2015. 
 
 

Materials and methods                                                                                                                  
 

Patients and samples: A total of 50 stool specimens were collected from 300 stool specimens  

screened for Rotavirus. The specimens were collected from children less than 5 years of age 

presenting with diarrhea and attending Wad Madani Pediatric Teaching Hospital during period 

from July 2014 to March 2015. The specimens were collected in sterile stool containers and 

stored at -20°C until tested.  

Norovirus detection by RT-PCR: Norovirus single-stranded RNA was extracted from the stool 

specimens and detected using Norwalk virus (Norovirus) RT-PCR Detection kit (HumPCR™ 

Norovirus, Concepción. Chile.). The HumPCR™ Norovirus Detection kit directly detects 

Norwalk virus on the basis of genetic database. It can amplify only the specific gene using the 

PCR (polymerase chain reaction) method, and takes only 3 hours to give a positive result.  

Preparation of specimens: Stool specimens were prepared by adding 1-3 ml of phosphate buffer 

saline (PBS) to approximately 1 gram of solid feces (small pea-sized portion) or 100 μl of 

diarrhea, then mixed well to form a suspension. This suspension was filtered using a specific 

virus filter, and the filtrate was purified for extraction.  

Norovirus RNA purification in diarrhea specimens: The purification of Norovirus RNA was 

carried out using Brigh Total RNA Purification kit (Brigh™ RNA Purification kit, Santiago, 

Chile). Briefly, 300 μl of Brigh RNA lysis buffer were added to 500 μl of the specimen and 

incubated for 10 minutes and centrifuged after adding 500 μl of chloroform. The mixture was 

incubated at (-20ºC) for 15 minutes. The supernatant was discarded and 200 μl of RNA wash 

buffer were added, centrifuged, and supernatant was discarded and dried at 37ºC. Finally, 6 μl of 

RNA rehydration solution were added.  

Preparation of Norovirus RNA for RT-PCR:  The extracted RNA specimens were reverse-

transcribed as follow: Mix 4.5 μl of HumPCR™ Norovirus RT-PCR pre-mixture with 2 μl  

DNase/RNase free water and 4 μl of the isolated RNA and 11 μl of mineral oil solution. Then the 

tubes were placed in thermal cycler and RT-PCR technique was performed according to the 

program described in Table (1).                                                                                                                      

Reaction component of PCR: Converted RNA (cRNA) specimens were then amplified as 

follows: 5.5 μl of HumPCR™ NOROVIRU RT-PCR pre-mixture, 6 μl of DNase/RNase free 

water, 2 μl of cRNA from sample and 11 μl of mineral oil solution were added. Then the tubes 
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were placed in thermal cycler and amplification performed according to the program described in 

Table (2). 

 

Table (1):  RT-PCR cycling parameters 
 

RT-PCR cycler  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
[[[[[[ 

RT-PCR cycler 1 cycle  Initial denaturation  65º C  10 min.  

1 cycle  Stop 4º C  5 min.  

1 μl of BRIGH™ RT-PCR  

1 μl of BIOTECH™ transcriptase solution added  
 

RT-PCR 2  

 

1 cycle  Annealing    10 minutes  
 

25º C   
 

10 min. 

1 cycle  Extension  37º C   
 

60 min. 

1 cycle Denaturation   70º C  10 min.  

 
 

Table (2): PCR cycling parameters 
 

PCR cycle    Time  
 

Process Temp. Time 

1 cycle  Initial denaturation  94º C  2 min. 

 

30 cycles  

 

Denaturation  94º C  30 sec. 

Annealing  57º C  30 sec. 

Extension  72º C  30 sec. 

1 cycle  Final extension  72º C  5 min. 
 

 

Results  
A total of 50 children presenting with diarrhea less than 5 years of age attending Wad Madani 

Pediatric Teaching Hospital were enrolled in this study. 34 (68%) of them were males and 16 

(32%) were females. The majority of them 29 (58%) were in the age group 1 to 10 months. 

According to residence, 37 (74%) were from rural areas and 13 (26%) were from urban areas. 

Concerning vaccination most of them 47 (94%) received the Rota virus vaccine (2 doses). 

Regarding feeding, the majority of them 43 (86%) were breast fed (Table 3). 

Norovirus PCR results showed no Norovirus RNA detected in all 50 (100%) specimens 

investigated. 

Discussion  
 

Gastroenteritis is one of the most popular sicknesses among children and can be caused by many 

infectious agents, varying from bacteria, parasites and viruses, whose etiology and prevalence 

varies among developing and developed countries. However, enteric viruses (Rotaviruses, 

Norovirus, Adenoviruses and astroviruses) have been discovered as important agents, 

independent of improvements in basic sanitation and hygiene. Norovirus has been shown to be 

an important agent of sporadic gastroenteritis in the developed part of the world4.                                       

However, little or no existence of epidemiological information is available on the burden of the  
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disease associated with sporadic Norovirus infection in hospitalized patients in developing 

countries (16-18) especially in Africa. 

   

Table (3): Characteristics of the study population 

 

Age (month)  

01– 10   
 

29 58 

11 – 20 17 34 

21 – 30 2 4 

31 – 40 4 4 

Gender 

Male 34 68 

Female 16 32 

Residence  

Urban 13 26 

Rural 37 74 

Number of children in family  

2 - 4 20 40  

5- 6 22 44 

7 - 8 8 16 

Vaccination 

Yes 47 94 

No 3 6 

Feeding 

Breast 43 86 

Other  7 14 

 

Generally, different studies had considered PCR technique a specific and sensitive used to detect 

enteric viruses, such as Norovirus and Rotavirus, in samples. For this reason, we used PCR 

technique to assess the presence of Noroviruses in this current study. It is interesting to state that 

this was the first report on Norovirus detection by RT-PCR in hospitalized children with 

gastroenteritis in Sudan. Among 50 stool samples investigated by PCR, there was no sample 

positive for Norovirus. This finding disagreed with other studies conducted on this subject. Also 

Norovirus infection is characterized by mild self-limited signs and symptoms and that might 

explain the lack of admission of an infected child to hospital due to lack of disease awareness by 

mothers and care-givers. One limitation of the current study is that the true frequency rate of 

Norovirus infections could be higher than estimated in the present study since only hospitalized 

children with moderate to severe gastroenteritis were included in this study.                                                        

The proportion of Norovirus infections in children with only home care or outpatient visits has 

not been evaluated. Another possible limitation is that the results in this study may not be 

representative for all 0 to 6 year-old children.                                                                                         
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Furthermore, the small sample size of this study might be one of the main factors leading to this 

result; and since we studied the prevalence rate of Norovirus-induced gastroenteritis in only one 

city in Sudan. In order to have a comprehensive picture of the Norovirus in this country, it is 

necessary to conduct more studies in other regions of Sudan.                                                                  

Many studies worldwide showed variable results. In Egypt, Zaghloul and his colleagues (2013) 

showed 310/500 (62%) virus positive cases by qualitative PCR technique among children with 

gastroenteritis resulting from Rotavirus, Norovirus, and Adenovirus. The frequency rates 

reported were 39%, 16.2% and 6.8% respectively5.                                                                                          

Also, Liu and his co-workers (2010) reported that Norovirus frequency rate was 26.4% among 

children with acute non-bacterial gastroenteritis in Beijine6.                                                                  

Ayolabi and his co-authors (2010) in Lagos, reported that Norovirus frequency rate was 60/161 

(37.3%) among diarrheal and was one (3.7%) among non-diarrheal children investigated by RT-

PCR technique7.                                                                                                                                               

Tamura and his colleagues (2010) reported that in Vietnam, Rotavirus and Norovirus frequency 

rates were 87 (47.5%) and 12 (6.6%) respectively, among 183 fecal specimens collected from 

hospitalized children with acute gastroenteritis8.                                                                                            

Conclusion: Norovirus RNA was not detected among hospitalized children with acute 

gastroenteritis in Gazeera State, Sudan.                                                                                                                       

Recommendation:  The present study, was the first report on the prevalence of Norovirus 

studied by RT-PCR in Sudan. It showed that Norovirus is not an important agent for causing 

diarrhea in hospitalized children under 5 years old in Wad-Madani, Sudan. Further studies 

investigated by various diagnostic methods should be conducted to determine the prevalence rate 

of Norovirus RNA at the national level. 
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