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Abstract: The present project was designed to study the epidemiology of salmonella associated diarrhea in 

children in Faisalabad, Pakistan. In this case control study, stool samples of 300 children having age below 60 

months were collected from different health centers of Faisalabad (150 of the children having diarrhea and 150 

without diarrhea). These samples were evaluated for the presence of salmonella through specific culture media, 

staining reaction, biochemical tests and sugar fermentation characteristics. Epidemiological data of each child 

were collected on a predesigned questionnaire. Data obtained was analyzed through chi-square. Out of 150 

diarrhoeal samples, 21(14%) Salmonella were isolated. While out of 150 control samples, 5 (3.3%) Salmonella 

isolates were obtained. O .R was equal to 4.720 (p< 0.05). O.R shows that number of positive salmonella were 

4.72 times more in diarrhoeal than control. Number of diarrhoeal children were more in those families where 

filtered water was not used and where latrine facilities were not present. It was noted that children of those 

families were more prone to diarrhea where mothers did not wash their hands before feeding. Low level of 
education and lackness of information on health and sanitation requirements also have impact on occurrence of 

diarrhoea. Not only attempts must be made to reduce the prevalence of diarrhoea but also we need to work on 

the related factors responsible for diarrhoea. Recommendations for further studies, more epidemiological 

studies should be directed towards the prevalence of this organism, so that a better control strategy should be 

made on national level to control diarrhea. 
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I. Introduction 
Diarrhoeal disease is one of the major and leading causes of illness in young children in developing 

countries [1]. Diarrhoeal diseases are the major causes of childhood morbidity and mortality in developing as 
well developed countries. 500 million cases of acute diarrhoeal episodes occur every year in children which are 

under 5 years throughout the world [2). 

Diarrhoea is a major cause of death among young children in low-income countries.  Diarrhoea 

decreases the absorption of nutrients and results in poor growth in children, and also reduces resistance to 

infection, and ultimately there is long term gut disorders. Diarrhoea ranks at the third number as a major cause 

of mortality and morbidity among infectious disease (after respiratory infections and HIV/AIDS), placing it 

above tuberculosis and malaria. Young children and infants bear 68% of the total burden of diarrhoeal disease 

[3]. 

Diarrhea accounts for 17% of all deaths among children which are less than five years of age. 

Annually, at least 1,500 million cases of diarrhoea occur in children which are less than 5 years of age every 

year and there are 4 million deaths due to diarrhea [3]. 
The public health significance of diarrhoeal disease cannot be overemphasized. Due to diarrhoeal 

diseases there are almost 3 million deaths every year mainly among children which are less than five years of 

age [4]. Mortality due to diarrhoea in children less than five years of age in Africa has been estimated at about 

106 per 1000 [5]. Reports from Nigeria indicate that more 315,000 deaths of preschool age children are recorded 

every year due to diarrhoeal disease [6,7].  

The contribution of the various pathogens to diarrhoea may differ substantially between regions 

depending on local meteorological, geographic, and socio-economic conditions [8]. Reasons of diarrhoeal 

diseases are poor hygiene and sanitation, non availability of safe drinking water as well as inadequate education 

of health care providers and recipients [9, 10]. Acute diarrhoea due to bacterial infections is an important and 

major cause of morbidity and mortality in infants and young children in most developing countries [11]. 

Salmonella is one of the bacteria which causes gastroenteritis in infants and children [12].  

Out of the total population of Pakistan, 45% are under 14 years and 18% under 5 years of age. Most 
prominent and presenting complaint in this age group especially during summer is diarrhoea. It is estimated that 

about 13 million episodes of diarrhea occur every year among school children alone in the country and about 0.1 

million deaths occur every year. The most common cause of death in children under 1 year is diarrhea and this is 
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responsible for more than 45% of deaths in this age group directly or indirectly. Mostly deaths occur due to the 

sever dehydration associated with malnutrition [13].  

 

II. Materials And Methods 
The present project was designed to study the epidemiology of salmonella associated diarrhea in 

children in Faisalabad, Pakistan. Stool samples of 300 children from different health centers of Faisalabad were 

collected randomly (150 diarrheal and 150 non-diarrheal). Samples were collected in clean plastic bags. A 

maximum of 10 samples for a week were obtained from different health centers of Faisalabad. Samples were 

tested at least 2-4 hours after collection in laboratory. All glasswares including test tubes, petriplates and flasks 
were sterilized in hot air oven at 171 ◦C for 60 minutes. After 60 minutes, tray was removed from hot air oven. 

All the glassware was kept unopened till required for sampling. Culture media (selenite broth) were also 

sterilized at a temperature of 121◦C for 15-20 min at 15 lb. [14].  

 

Isolation and Identification of Salmonella  
Stool samples were pre-enriched in selenite broth and incubated for 18 hours at 35◦C.  [15] After this 

isolation through selective medium were done. Salmonella shigella (SS) agar were used for selective isolation of 

salmonella. The inoculating loop were sterilized on burner flame and samples from selenite broth were streaked 

on SS agar and incubated at 37◦C for 24-48 hours [16]. After 24-48 hours of incubation, the cultural 

characteristics including size, shape, color and texture of colonies were observed. Colonies of Salmonella were 

colorless with black centers [17]. 

Morphological characteristics of bacteria were examined under microscope after Gram staining. Most 
of isolates appeared to be bacilli, Gram negative short thin rods [17]. Motility of salmonella was checked [18]. 

The isolates were biochemically characterized by sugar fermentation tests and these tests include glucose, 

lactose, sucrose, mannitole, mannitole, mannose, inositole, raffinose, rabinose and dulcitole. Other tests includes 

urea test, lysine decarboxylation test, ornithin decarboxylation test, H2S production test, catalase test and IMVC 

(Indole, Methyl red, Voges Proskauser and citrate utilization) [19]. Indole reduction and voges prosker tests 

were negative. Methyl red and citrate utilization tests were positive. Glucose, fructose, maltose and mannitole 

fermentation tests were positive for acid and gas production. Whereas lactose and sucrose fermentation tests 

were negative as there was no gas production and no change in colour of medium.  

  

III. Results And Disscussion 
The study was carried out in Epidemiology and Public Health Lab, Institute of Microbiology, 

University of Agriculture Faisalabad during 2011. The aim was to study the Epidemiology of Salmonella 

associated diarrhea in children in Faisalabad. Stool samples of 300 children (aged matched) from different 

health centers of Faisalabad were collected randomly (150 diarrheal and 150 non-diarrheal). The results of the 

experiment are interpreted and discussed as follows: 

 

Samples Positive for Salmonella 

Out of 150 diarrhoeal samples, 21 (14%) were positive for Salmonella. While out of 150 control 

samples, only 5 (3.33%) were positive for Salmonella. The collected data were subjected to appropriate 

statistical analysis. Chi square test was applied. The level of significance was (p<0.05). 
  

Table 1. Total prevalence of Salmonella in diarrhoeal children 
Total samples No. of positive salmonella % age 

150 21 14 

 

Table 2. Total prevalence of Salmonella in control children 
Total samples No. of salmonella positive % age 

150 5 3.33 

                   

Table 3. Odd’s Ratio 

 Diseased Control Total 

Salmonella 

Positive 
21 5 26 

Salmonella 

Negative 
129 145 274 

Total 150 150 300 

O .R = 21*145 /5*129 = 3045/ 645 = 4.720 
O .R = 4.720 (p< 0.05) 

O.R shows that number of positive salmonella are 4.72 times more in diarrhoeal than control. 
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Table 4.  Detection of Salmonella from diarrhoeal children up to five years. 

 

 
 

 

 

 

 

Chi-sq =10.68            DF=4                                p-value= 0.03 

 

Table 5. Detection of Salmonella from diarrhoel children adapting different feeding 

Feeding No. of Samples No. of positive  salmonella %age 

Breast fed 47 2 1.33 

Others 103 19 12.67 

Total 150 21 14 

                                                               Chi-sq=4.268            DF=1                     P-value=0.038 

 

Table 6. Detection of Salmonela from control children adapting different feeding 

Feeding No. of Samples No. of positive Salmonella %age 

Breast fed 90 1 0.67 

Others 60 4 2.67 

Total 150 5 3.33 

                                               Chi-sq= 3.194           DF=  1                        p-value=0.074 

 

Table 7. Detection of Salmonella from diarrhoeal children, families of which used   

filtered and unfiltered water. 
Water resource No. of Samples No. of positive Salmonella %age 

Filtered 58 4 2.67 

Unfiltered 92 17 11.33 

Total 150 21 14 

                            Chi-sq= 3.06                     DF=1              p-value= 0.08 

 

Table 8. Detection of Salmonella from control children, families of used  

filtered and unfiltered water. 

Water resource No. of Samples No. of positive Salmonella %age 

Filtered 105 2 1.33 

Unfiltered 45 3 2.0 

Total 150 5 3.33 

                               Chi-sq=2.03                 DF=1             p-value= 0.15 

 

Table 9. Detection of Salmonella from diarrhoel children who’s mothers wash and 

 did not wash their hands. 
Hygiene 

conditions 
No. of Samples No. of positive Salmonella %age 

Hand washing 60 3 2.0 

No hand 

washing 
90 18 12.0 

Total 150 21 14 

                         Chi-sq= 5.23                   DF=1                  p-value=0.02 

 

Table 10. Detection of Salmonella from control children whose mothers wash and 

did not wash their hands. 
Hygiene 

conditions 
No. of Samples No. of positive Salmonella %age 

Hand washing 78 0 0 

No hand 

washing 
72 5 3.33 

Total 150 5 3.33 

                            Chi-sq=5.23              DF=1                       P-value=0.022 

 

 

Age (Months) No. of Samples No. of positive Slmonella %age 

0-12 59 16 10.66 

13- 24 31 2 1.33 

25-36 26 2 1.33 

37-48 18 1 0.66 

49-60 16 0 0 

Total 150 21 14 
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Graph showing the number of positive salmonella in diseased and control 

 
 

300 subjects were studied belonging to Faisalabad (150 diarrhoeal children and 150 controls). All 
children were less than 5 years. Age Stratification of children with dirrhoea from civil hospital is shown in table 

number 4. Out of 150 diarrhoeal children, 59 (39.33%) were less 1 year old and of these 16 (10.66%) were 

positive for Salmonella. 31 (20.67%) were less than two years old and of these 2 (1.33%) were positive for 

Salmonella. This showed that as the age of children increased the prevalence of diarrhea decreased (p = 0.03). 

As the p < 0.05, it indicates that a significant difference is found between age of the children and occurrence of 

diarrhea. Our results are also coincide with the findings of [20], who found that the prevalence of Salmonella 

was  high in children less than 2 years of age both in diarrhoea and control group. The children which were only 

breast fed have less chance of diarrhea and the prevalence of Salmonella was also less as compared to other fed. 

Table 5 is showing that only 2 (1.33%) samples were positive for Salmonella out of 47 breast fed child but in 

case of those children nourished from other sources, 19 (12.67%) Salmonella isolates were obtained (p = 0.038). 

[21] also observed significant effect of feeding on prevalence of Salmonella. Table 7 is showing that, out of 150 
diarrhoeal children, 58 (38.66%) used the filtered water and of these 4 (2.67%) were positive for Salmonella. 

The remaining 92 (61.33%) used the unfiltered water and of these 17 (11.87%) were positive for Salmonella. P 

value was 0.080. The hand washing habits of the mothers before feeding their children is of particular interest, 

because it was at this time that the child was particularly vulnerable to the transmission of pathogens. There is a 

significant difference between number of positive Salmonella and number of negative Salmonella in case of 

hand washing habit for diarrhoeal conditions as shown in table 9 (p = 0.02). 

This indicates that hygienic conditions are closely related to the occurrence of diarrhea. With the 

improvement of hygienic conditions, the chances of occurrence of diarrhea can be decreased. [22] found that by 

applying hand washing and other hygienic conditions transmission ways of many pathogens to the hosts can be 

blocked. Many studies have been conducted on hand washing in accordance its effects on diarrhea and it was 

reported that diarrhoeal morbidity was reduced by applying this condition. The similar results were also 

observed in a study done by [23] in Vietnam. Data is showing that number of diarrhoeal children is more in 
those families where filtered water is not used and where latrine facilities are not present. By different 

literatures, it has been noted that children are more prone to diarrhea where mothers do not wash their hands 

before feeding. Low level of education and lackness of information on health and sanitation requirements also 

have impact on occurrence of diarrhoea. [24] have suggested, based upon the work of [25], that low-weight 

babies who attain relative affluence in later life are more susceptible to certain diseases (cardio-vascular, 

diabetes) than low-weight babies who do not attain such levels of affluence. They explain this by saying that 

“when faced with inadequate access to nutritional resources (owing to maternal under nutrition) the fetus 

undergoes an adaptive mechanism in its physiology as well as metabolic processes. This adaptation hampers its 

ability to cope with conditions of relatively plenty that might be encountered in later life”. A similar mechanism 

might be at work with the incidence of diarrhea in young children. 

 

IV. Conclusion 
Not only attempts must be made to reduce the prevalence of diarrhoea but also we need to work on the 

related factors responsible for diarrhoea. Moreover it is also recommended that more epidemiological 

investigations should be directed towards the prevalence of this organism, so that a batter control strategy should 

be made on national level for hygienic conditions. Research should be focused on development of recombinant 

vaccine against Salmonella by using local strains.  
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