
1 
 

African Journal of Medical Sciences                      http://ajmsc.info 

Citation: Al Amin A. Ibrahim. Identification of Agents associated with Infectious and Non-

infectious Infantile Diarrhea. African Journal of Medical Sciences. 2016, 1(2) ajmsc.info 

                                                     

Identification of Agents associated with Infectious and Non-infectious 

Infantile Diarrhea in Khartoum State (Sudan) 

Al Amin A. Ibrahim 

Department of Medical Microbiology, Faculty of Medical Laboratory 

Sciences, Al Neelain University, Khartoum, Sudan 

Abstract                                                                                                                                                 

Background:  Infantile diarrhea constitutes one of the most urging health problems worldwide 

especially in poor and developing countries. The WHO has established many centers to control 

the disease in these countries in an attempt to diminish the rate of morbidity and mortality among 

children.                                                                                                                                                             

Objective: This study aims to investigate the most important infectious and non-infectious 

agents causing infantile diarrhea, and to study the predisposing factors leading to diarrhoea in 

children under two years.                                                                                                                                           

Materials and methods: A total number of 100 infants under two years of age suffering from 

diarrhea attending Khartoum Children Hospital were included in this study, during the period from 

November 2006 to November 2008. Stool specimens were collected from all patients and examined for 

enteropathogenic bacteria, rotavirus, and intestinal parasites. Infants were also investigated for lactose 

intolerance and food allergy. Demographical data were collected using direct interviewing questionnaire.                           
Result: Out of 100 infants suffering from diarrhoea, bacterial pathogens were detected in 84% of 

them. Escherichia coli O157.H7 was found to be the most frequently isolated (27%). Diarrheal diseases 

were manifested more frequently (59%) among male children than females (41%). The highest 

incidence of the disease was predominant (47%) among children aged 7 to 12 months. The 

percentage of diarrhea was highest (41 %) among children resident in Green Belt region of 

Khartoum. The highest frequency of rotavirus infection (12%) was among children aged 7-18 

months having both breast feeding and external food formula. Entamoeba histolytica and Giardia 

lamblia were detected in 10 cases. Lactose intolerance conditions were recognized qualitatively 

in 12 patients.                                                                                                                                                    

Conclusion: The fecal profile test was found to be a good method for expanding the spectrum 

of fecal examination. It is rapid, reliable, and saves time for prompt medication. The white blood 

cells differential count is highly important for diagnosing food allergies as well as infectious 

diarrhoea.  
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Introduction                                                                                                                                                 

Diarrhea is a common, annoying and sometimes life-threatening symptom. Clinicians are often 

called upon for advice on the treatment of this disorder. Patient assessment is very important in 

the treatment of diarrhea. Patients may present with acute or chronic diarrhea. By thorough and 

careful investigations of patients, clinicians can suggest the best treatment option, whether an 

anti-diarrhoeal, a change in diet, or referral to a hospital. It is important for clinicians to 

recognize which type of diarrhea may be potentially serious and also which populations of 

patients are potentially at risk for complications from diarrhea. Diarrhea may be acute or chronic. 

Acute diarrhea is the abrupt onset of frequent, watery, loose stools. It may be accompanied by 

flatulence, malaise and abdominal pain. Some clinicians consider acute diarrhea to be the 

passage of three or more loose stools in a 24-hour period, continuing for less than two weeks. 

Usually, acute diarrheal episodes subside within 72 hours of onset1.                                                                       

Worldwide, inadequate treatment of gastroenteritis kills 5-8 million people per year, and is a 

leading cause of death among infants and children under 5months. It has been estimated that in 

the very poor countries of Africa, Asia, and South America each child suffers up to 15-19 

episodes of diarrhea per year. Despite much progress in the understanding of pathogenesis and 

management of diarrhea, still remains the global childhood mortality and morbidity2.                                                     

Reports from different parts of the world have implicated various pathogens such as parasites, 

bacteria and viruses with outbreak of infantile diarrhea. Therefore the high importance and need 

of this study emergences to expand the spectrum of fecal examination tests from one or two 

commonly used , to a profile of tests  concerning infectious and non- infectious diarrhea .The 

fecal profile tests applied in this survey give rapid, reliable, and convenient results which can 

assist proper diagnosis, adequate treatment and at the same time help to a large degree in 

diminishing the mortality and morbidity  of childhood, and may lead to eradication of the disease 

and can decrease the high loss of economic and social effect contributed to infantile diarrhea3.   

The aim of this study was to identify the most important infectious and non-infectious agents 

causing infantile diarrhea in Sudan. This was performed by employing a profile of direct fecal 

examination for the detection of different causes of infantile diarrhea, and to pinpoint the 

commonest agent causing diarrhea among infants and children.  

Materials and methods           

This is a descriptive, cross-sectional study. The populations investigated were children less than 

two years, presenting to a day-care clinic in Khartoum Children Hospital with diarrhea for 24 

hours before admission. The study area was Khartoum Teaching Children Hospital (Sudan). The 

study was carried out during the period from November 2006 to November 2008.   
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Demographic data was collected by direct interviewing of the intended infants’ mothers. The 

study was analyzed by the program of Statistical Package for Social Sciences (SPSS). 

Frequencies, percentages, numerical data were used for presentation of data, using Chi-Square to 

determine the p-value. Complete information regarding risk factors was handed to parents of all 

subjects under the study and no concealment what so ever. Confidentiality of information 

obtained from subjects’ parents was maintained. Valid consent of parents under the study was 

obtained. Results of samples collected were donated to all patients included in the study and 

some sample results were dispatched to physicians for treatment prescription. The quality control 

standards recommended by manufacturers were followed, as well as applying all laboratory 

quality control measures on executing this study.                                                                                              

3-5 ml of stool specimens was collected from all subjects in leak-proof containers. Slide blood 

smears were prepared from finger pricks or EDTA blood. Direct microscopical examination was 

made to detect Entamoeba and Giardia cysts using a drop of eosin dye. Entamoeba cysts were 

confirmed microscopically after running iodine drop under the cover glass.  Campylobacter spp. 

was identified by its motility and its spiral morphological forms in a physiological saline 

preparation. Immobilization test was also performed to confirm diagnosis of Campylobacter spp. 

using a drop of distilled water. Fecal leucocytes were detected using methylene blue to identify 

the polymorphonuclear cells. For assessing food allergies, Giemsa stain was used for the 

differential test to count neutrophils, lymphocytes and eosinophils. Malaria parasite was detected 

microscopically in thin and thick blood smears using Giemsa' stain; and the ICT immuno-

chromatography test was performed for confirmation. Haemoglobin & oxidized red cells were 

detected by occult blood chromatography kit. Three loopful of each stool specimen were 

inoculated in selenite F enrichment medium. Mac Conkey sorbitol medium was inoculated to 

isolate and identify the distinct O157:H7 E. coli with its colorless, semi-transparent colonies, and 

non-sorbitol fermentative character.  XLD and Mac Conkey media were sub-cultured next day 

from selenite F to isolate Salmonella, Shigella, and non-toxigenic E. coli.                                                                                                   

Biochemical tests (citrate, urease, and Kligler tests), were made to identify Salmonella and 

Shigella spp. APIE 20 technique was further used to specify Salmonella and Shigella isolated 

from primary cultures. Benedict's reagent was used qualitatively to detect lactose directly from 

fecal specimens. Positive lactose test gave a ranging color from greenish yellow to a bricky 

coloration. Rotavirus detection was made using the ELISA enzyme-link immunosorbent assay.   

Results                 

A target of 100 fecal specimens of 24 hours hospitalized children less than 24 months old were 

examined. The patients investigated were all suffering from diarrhea. According to the etiology, 

fecal examination was divided into two categories: category A: includes examination of 

infectious diarrhea (bacterial, viral, and parasitic organisms), and category B: includes 

examination of non-infectious diarrhea. 84% of the patients studied were found belonging to 

category A, and 16% were found belonging to category B.  
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Co-infection with two organisms was detected only among category A patients. The outcome of 

the study is shown in Table (1).                                                                                                                   

The use of profile fecal examination (for category A and B) is superior to other traditional 

procedures where only one or two tests are usually used for diagnosis of infantile diarrhoea. 

Since infantile diarrhea is multifactorial, the fecal profile tests method will help in clarifying the 

underlying etiologies. High blood neutrophils or lymphocytes counts may suggest bacterial 

infection and viral infection respectively. A high eosinophil count, with the absence of parasites, 

may indicate food allergy. Negative results of fecal profile tests may largely be due to systemic 

infections involving other parts of the body, overfeeding, cold and heat intolerance, or other 

unremarkable causes. Infantile diarrhea was found more frequent (58.2%) among males than 

among females (40.8%). Also the highest incidence of infantile diarrhea (47%) was detected 

among children aged 7-12 months, and the lowest incidence (7%) was among children aged              

19-24 months. This difference was significant (p = < 0.05).                           

Table (1): Outcome of the study 

 

Parameters 
Age (Months) 

 

Total 
 

1-6 7-18 19-24 

E. coli O157.H7 4 20 3 27 

Shigella 6 17 0 23 

Campylobacter 0 2 0 2 

Rota virus 4 10 1 15 

Giardia 0 0 2 2 

Plasmodium 0 2 3 5 

Parasitic cysts 4 5 1 10 

Lactose intolerance 6 6 0 12 

Food allergy 2 2 0 4 

Total 26 64 10 100 

 

The number of children depending on both breast feeding and an external formula food (above 6 

months of age), the number of infants depending on breast feeding only (aged 1-6 months), and 

the number infants depending on external formula food only (aged 19-24 months) were 78, 19, 

and 3 children respectively. The frequency of diarrhea was highest (41%) among children 

resident in the Green Belt area (Khartoum) and lowest (5%) among children resident in South of 

Khartoum. 23 cases of Shigella species were identified in this study. The highest frequency of 

shigellosis (17cases) was among children aged 7-18 months having both breast feeding and 

external food formula. Only 2 cases of shigellosis were detected among children aged 1-6 

months. At the same time, Shigella infection was more common (8%) in the East Nile area 

(Khartoum), followed by the Green Belt area of Khartoum (7%).  
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Shigellosis was found in some cases associated with toxigenic O157.H7 E. coli. From the 23 

Shigella species isolated, Sh. Flexneri was the most common (78.3%), followed by Sh. 

dysenteriae (13 %), and Sh. boydii (8.7 %), indicating a significant difference (p = < 0.05).               

Salmonella species and Staphylococcus aurous were not isolated in this study despite the use of 

selective and differential media for the isolation.                                                                                                               

27 strains of toxigenic E.coli serotype O157.H7 were identified in this study (p = < 0.05). This 

serotype was found to infect all infants investigated; even well-nourished children of moderate or 

high income families. The highest frequency of E.coli serotype O157.H7 infection (20 cases) 

was among children aged 7-18 months having both breast feeding and external food formula. 

Moreover, E.coli serotype O157.H7 infection was more common (10 cases) in the East Nile area 

of Khartoum, followed by the Green Belt area of Khartoum (8 cases).   

Table (2): Number of E. coli O157.H7 species isolated according to age,                                                                

feeding habits and residential areas 

 

 
Age 

(months) 

 

Residential areas 
 

 

Feeding habits 

 

Out of 

Khartoum 

 

Omdurman 

West 

 

East 

Nile 

 

Green 

Belt 

Ext. food 

formula 

Ext. food  

+ Breast 

 

Breast 

only 

 

1- 6 

1 0 0 3  

0 

 

1 

3 

 

7-18 

4 3 8 5 0 

 

20 0 

 

19-24 

0 1 2 0 1 2 0 

 

Total 

27 27 

 

In this study, 15% of the specimens investigated were found positive for rotavirus (p = < 0.05). 

Rotavirus was found to infect largely infants with a high economic status. The highest frequency 

of rotavirus infection (12 cases) was among children aged 7-18 months having both breast 

feeding and external food formula. Also rotavirus infection was more common (7 cases) in the 

East Nile area of Khartoum, followed by the Green Belt of Khartoum (6 cases). Rotavirus 

infection was rarely associated with other pathogenic organisms.                                                                              

Furthermore, Plasmodium species were identified among 5% of the children investigated                                     

(p = < 0.05). Most cases of malaria were found among infants above 3 months old; largely 

among children coming from areas outside Khartoum.     
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Lactose intolerance conditions were recognized in 12% of the children investigated (p = < 0.05). 

The highest frequency of lactose intolerance cases (12 cases) were among well-nourished 

children aged 7-18 months having both breast feeding and external food formula. In addition, 

lactose intolerance cases were more common (6%) in Omdurman West area (Khartoum State).   

On the other hand, 10 cases of Entamoeba and Giardia cysts were detected (p = < 0.05). 

Amoebiasis was mostly detected among children above 3 months old. The highest frequency of 

these cysts (6 cases) was among children aged 7-18 months having both breast feeding and 

external food formula. The cyst infestation was more common (6 cases) in Green Belt area. Also 

2 cases of Giardia lamblia trophozoite were identified among children over 18 months old. 

Blood smears stained with Giemsa stain had detected a high eosinophils count (>10 %) in 4 of 

the specimens investigated. Since no parasite infestation was observed in these 4 cases, food 

allergy may explain the aetiology of the concomitant diarrhea.  On the other hand 2 cases of 

Campylobacter spp. were recognized in saline wet preparation smears through the morphology 

and the distinct motility, and confirmation by the immobilization test. 

Discussion 

WHO had sponsored local diarrhea control programs in an attempt to diminish the global infant 

death rate2. This study had responded well to this WHO campaign. The study had showed that 

male children were more susceptible (59%) to diarrheal diseases than females (41%).The reason 

for that is not clear, however, it may be explained by the fact that some mothers may overfeed 

their infants, resulting in diarrhoeal episodes. Salmonella species were not isolated in this study, 

in spite of the wide spread of enteric fever among adults in Sudan and other developing 

countries. The same observation had been documented by researchers from Iran4. Some 

researchers, who have identified the ingredient in human breast milk that provides powerful 

protection against severe diarrhea in infants5, had suggested the reason for that cause.   

Staphylococcus aureus, on the other hand, was also not isolated in this study because it is not a 

common diarrhoea pathogen of infants at this age.                                                                                                         

Toxigenic E.coli O157.H7 strains were found more frequent in the East Nile area of Khartoum, 

followed by the Green Belt area (Table 2). Since some inhabitants of these two regions are 

considered some of the poorest population in Khartoum State, the present context confirmed this 

sad situation. These findings did not conform to other studies6, that reported a high prevalence of 

enteropathogenic E. coli among poor socioeconomic children, while O157.H7 strain prevails in 

moderate and high socioeconomic areas. The high frequency of this organism among the infants 

included in this study may need further investigations in Sudan. Furthermore, shigellosis was 

found in some cases associated with toxigenic O157.H7 E. coli. From the 23 Shigella species 

isolated, Sh. flexneri was the most common (78.3%), followed by Sh. dysenteriae (13 %), and Sh. 

boydii (8.7 %). Shigellosis was reported elsewhere in developing countries, e.g. 11.8 % in Iran4 

and palastine5.    In this study, rotavirus was detected among 15% of the infants investigated. 

Almost similar result of 33% positive rotavirus cases were detected in children under 2 years 

according to the daily     
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surveillance data records of the WHO research team which run similar studies in Khartoum 

Children Hospital  in the same period of our study7.   

Lactose intolerance (lipase deficiency) syndrome may strike infants from delivery up to 18 

months of age. Such children are well nourished and descend from moderate and high income 

families. In our study lactose intolerance conditions were qualitatively detected in 12% of the 

infants investigated. Misra from India8 studied the changing clinical profile and prognosis of 

acute diarrhea in infants. He tested stool for presence of reducing substance (lactose intolerance). 

He found 31 (91.2%) of the infants studied were breastfed, and 23 (67.6%) of them had reducing 

substances in their stools. He concluded that lactose malabsorption detected in many infants did 

not affect prognosis after acute diarrhea.                                                                                                                                       

10 cases of Entamoeba and Giardia cysts and two cases of Giardia trophozoites among infants 

over 18 months old were detected in this study. Rawat and his co-workers9 investigated stool 

specimens of 127 children for intestinal parasites. They reported presence of Giardia and 

Entamoeba in 14 (11%) cases among children less than five years of age. Farid and his 

colleagues10 studied the viral, bacterial and parasitic etiology of diarrhea in children less than 

five years. They reported an occurrence of rotavirus (28%), Entamoeba histolytica (15%), 

Shigella spp. (6%), Campylobacter spp. (5%), Escherichia coli O157:H7 (5%), Salmonella spp. 

(2%), and Giardia intestinalis (1%). 

Recommendations:  The use of fecal profile tests is strongly recommended to detect different 

etiologies of infantile diarrhea from fecal specimens. This should be advocated when planning 

diagnosis and management of such cases.  
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