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Abstract                                                                                                                                    

Background: World-wide drinking water is considered the most important source of gastro-

enteric disease, mainly through the faecally contaminated raw water. Over the preceding years 

and to date, the definitive mode of human infection by Helicobacter pylori had remained largely 

unknown. Numerous studies investigated possible sources of transmission of this carcinogenic 

pathogen, and in many of which contaminated water is mentioned as a major source of infection.  

Objective: To perform molecular detection of H. pylori in drinking water in Khartoum State.                                                                                                                                         

Materials and methods:  A total of 90 water specimens were collected from different 

geographical areas and different water sources (taps, coolers, tanks and zeers) in Khartoum State. 

Genomic DNA was extracted after filtration of water specimens by the guanidine chloride 

method. The detection of UreC gene was carried out by polymerase chain reaction (PCR) 

method. The gene determination was based on the appearance of 297bp band on an agarose gel 

stained with ethidium bromide under ultraviolet gel documentation by the help of 50 bp ladder.                                                                                           

Results: Out of the 90 water specimens collected in this study, no sample (0%) was found 

positive for Helicobacter pylori DNA. All DNA samples extracted from the water samples 

showed no target band (297bp) after PCR assay meaning that all samples were negative for 

Helicobacter pylori DNA gene investigated.                                                                                                                    

Conclusion: This study had detected no Helicobacter pylori contamination of drinking water in 

the water sources investigated in Khartoum State (Sudan). 
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Introduction                                                                                                                    
 

Helicobacter pylori is a Gram-negative, microaerobic, spiral bacterium that colonizes the 

stomach of approximately half the world’s population. The bacterium is uniquely adapted for 

survival within the gastric mucosa, and colonization usually persists for years or even decades. 

Infection with Helicobacter pylori is associated with chronic gastritis and peptic ulceration, and  
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the bacterium is also considered a risk factor for developing gastric adenocarcinoma and 

mucosa-associated lymphoid tissue (MALT) lymphoma. In developing countries, 8 in 10 

children by age 5 and more than 90% of adults are infected1 .                                                                            

The current literature suggests that the transmission of Helicobacter pylori may occur from  

person to person via both the oral-oral and the fecal-oral routes. Others suggested that the human 

infection can occur by contaminated food and food of animal origin, such as sheep and cow milk. 

Indeed Helicobacter pylori has been detected from drinking water  and sea water. Many 

investigators had studied the role of familial clustering in the spread of Helicobacter pylori 

infection, and the majority indicated that mothers play the key role in transmission of 

Helicobacter pylori to their children and spouses and, less commonly, iatrogenic transmission 

(during endoscopy and dental care)2.                                                                                                          

According to reports of many studies, contaminated water was found to be the main cause of 

transmission and infection. The infection rate is higher in developing countries (80-90%); where 

contaminated water, social hardships, and poor sanitary conditions could play a key role. 

Khartoum State (Sudan) is composed of the three localities: Omdurman, Khartoum, and 

Khartoum North. The two main sources of drinking water existing in this State are groundwater 

and the Nile river. Groundwater is recharged partially by rainwater, and mainly by the Nile river.  

Accordingly, drinking water is collected from groundwater wells of varying depth and 

productivity, and from water-treated plants that are extracting their water from the river Nile3.      

The water supply system of Khartoum includes four water sources. Firstly, the treatment water 

network plant that is mainly located in central areas and nourished by treated water from the 

river Nile. Secondly, the hybrid network is composed of a mixture of water from treatment plants 

and from groundwater wells and this source covers the areas surrounding the main central 

districts. Thirdly, the local well network that is nourished by groundwater wells and located in 

the peripheral areas of Khartoum State. Lastly, in peripheral areas where no water networks 

exist, water is supplied from local wells and distributed by carts pulled by donkeys4.                                        

In Sudan, information about the prevalence rate of Helicobacter pylori infection is scanty. One 

of the studies showed a high prevalence rate (80%) of Helicobacter pylori among patients with 

symptoms of gastritis, 56% with duodenal ulcer patients, and 16% among apparently normally-

looking people. Another study conducted to evaluate the microbial quality of drinking water 

distributed in Khartoum State showed a frequency rate of 47.5-90% contamination by bacterial 

species. These species were fecal E.coli, Klebsiella spp, Citrobacter spp, and Enterobacter spp.        

Some pathogenic and potential pathogenic bacteria (Staphylococcus aureus, Salmonella spp, 

Proteus spp) were detected5 .                                                                                                                                                

Due to the seriousness of Helicobacter pylori infection, the high prevalence rate of transmition 

by contaminated water, the high prevalence rate of water contamination in Khartoum State, and                                                                                                                            

the absence of studies on Helicobacter pylori  in water in Sudan, this study was conducted to 

investigate this health problem in Khartoum State using specific molecular PCR techniques. 
 

Materials and methods                                                                                                                     
 

This was a descriptive cross-sectional study conducted during the period from May to December  
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2017. The sampling technique was convenience, and approval to conduct the study was taken 

from the Ethical Committee of Al Neelain University, Khartoum (Sudan). A verbal consent  

was obtained from all householders from whose houses water specimens were collected. 

90 water specimens were collected from Omdurman, Khartoum and Khartoum North, i.e. 30 

specimens were collected from each locality. These specimens included 50 specimens of 

unfiltered tap water, 5 specimens of filtered tap water, 8 specimens of tanks water, 14 specimens 

of zeer water, and 10 specimens of coolers water. All reagents, media, and equipment were pre-

tested to check its validity. Water specimens were collected in 150 ml sterile glass and plastic 

bottles containing 0.5 g of sodium thiosulphate to dechlorinate the water specimens, transported 

to the laboratory in an ice chest, and stored at 4°C for further analysis. Specimens were filtered 

through a 0.45 µm membrane filter using a vacuum pump. Each membrane used was sliced and 

immersed into 2 mL aliquots of tryptic soya broth (TSB) overnight. Then each aliquot was 

subjected to DNA extraction6.                                                                                                                       

DNA extraction:  The Helicobacter pylori DNA was extracted from the water specimens using 

guanidine chloride extraction method. Each 2 ml tryptic soya broth (TSB) was centrifuged at 

3000 rpm for 15-20 min. The pellet was collected and washed twice by phosphate buffer saline 

(PBS) to remove excess media. 2 ml of lysis buffer, 10μl of proteinase K, 1 ml of guanidine 

chloride and 300 μl of ammonium (NH4) acetate were added to the pellet, vortexed, and 

incubated at 37oC overnight or at 65oC for 2 hr. The mixture was cooled to room temperature, 

and then 2 ml of pre-chilled chloroform were added, vortexed, and centrifuged at 3000 rpm for   

5 min. The upper layer of the mixture was transferred to new tube and 10 ml of cold absolute 

ethanol were added, shaked, and kept at -20oC for 2hr or overnight. Then the tube was 

centrifuged at 3000 rpm for 15-20 min., the supernatant was drained carefully, and the tube was 

inverted on a tissue paper for 5 min. The pellet was washed with 4 ml of 70% ethanol, 

centrifuged at 3000 rpm for 5 min. The supernatant was poured off and the pellet was allowed to 

dry for 10 min. Then it was re-suspended in 50 μl of distilled water, briefly vortexed, and kept at  

-20oC overnight. The extracted DNA integrity was assessed by ethidium bromide stained agarose 

gel electrophoresis and the DNA purity was assessed by Nanodrop technique (Mplen Nano-

Photometer P330)7.                                                                                                                                             

Polymerase chain reaction technique (PCR):  This was performed using the following 

Helicobacter pylori urease gene (ureC) primers (Macrogen, Korea):                                                                                                              

5′– AAG CTT TTA GGG GTG TTA GGG GTT T–3′                                                                                               

5′– AAG CTT ACT TTC TAA CAC TAA CGC –3′                                                                              

Amplification was performed in a final volume of 20 μL of PCR mixture containing 0.8 μm of 

each primer, 10 mM of each deoxy nucleotide triphosphate (dATP, dGTP, dTTP and dCTP),                 

10 mM tris HCl, 50 mM KCl, 0.1% triton X– 100, 1.5 mM MgCl2, one unit of DNA polymerase 

(Fermentas) and 4 μL of template DNA (iNtRON Biotechnology, Korea). 
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DNA amplification was carried out as follows:                                                                                             

1. Denaturation at 94°C for 5 min in the first cycle, followed by annealing for 30 sec at 65°C.                           

2. Extension for 30 sec at 72°C. The extension for the last cycle was increased to 5 min to ensure 

complete extension of the amplified fragment.                                                                                                       

3. Denaturation for 30 sec at 94°C for a total of 35 PCR cycles.                                                                         

Then the PCR products were resolved by 2% agarose gel electrophoresis6. Fig. (1) shows the 

PCR assay for some extracted DNA samples, showing no (297bp) target band.  

 

Fig. (1): shows the PCR assay for some extracted DNA samples,                                                                     

showing no (297bp) target band. Positive and negative controls were included. 

Results             
 

Out of the 90 water specimens investigated, no specimen (0%) was found positive for 

Helicobacter pylori DNA. All DNA samples extracted from all water specimens showed no 

target band (297bp) after PCR assay. This indicated that all water specimens investigated were 

negative for Helicobacter pylori urease (ureC) gene. 

Discussion    

The importance of Helicobacter pylori infection comes from the fact that the prevalence rate of 

infection in some developing countries is more than 80% and below 20% in some developed 

countries. In addition, long-term infection with Helicobacter pylori is classified as a risk factor 

for gastric cancer. Numerous studies investigated possible sources of transmission of 

Helicobacter pylori and in many of them contaminated water was the major cause3.                                          

The present study revealed that all water specimens investigated were free from Helicobacter 

pylori contamination. This may be due to the addition of high chlorine percentage to water 

systems in Khartoum. This finding was similar to that reported by Anders and his colleagues 

(2009)in Dhaka (Bangladesh)8.  
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In contrast to another study which was performed by Ebaa and his co-workers (2015) on some 

Egyptian water systems showed that direct detection of ureC gene detected positive Helicobacter 

pylori DNA in only two specimens (tap water and ground water)6.                                                                   

Also, a dissimilar study was conducted by Ahmed and his co-authors9 to detect Helicobacter 

pylori ureC gene in a city water, dental units’ water, and bottled mineral water in Isfahan (Iran). 

They were able to detect this gene in 14 water specimens out of 200 investigated specimens. 

Furthermore, Ramin and his colleagues (2017) conducted in Iran a study to detect Helicobacter 

pylori genes in 60 drinking water specimens using PCR, loop mediated isothermal amplification 

(LAMP), and 16s rRNA techniques. Their findings showed 16 specimens were positive ureC 

gene by PCR, 20 were positive by LAMP, and 37 were positive by 16s rRNA technique10 - 17. 

Conclusion: This study had detected no Helicobacter pylori contamination of drinking water in 

the water sources investigated in Khartoum State (Sudan).                                                         
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