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Abstract 
Diarrheal diseases still appear to be the leading cause of morbidity and 
mortality among young children across Bangladesh. In the present study, stool 
samples from 25 malnourished and 25 well-nourished children in an urban 
slum suffering from diarrhea were examined to detect the causative bacteria. 
Selective and differential media were used to facilitate the isolation of the 
etiologic bacteria from the complex microbial flora in feces. Bacteriological 
culture and confirmative biochemical tests were applied to identify the 
bacterial species. Prevalence of Aeromonas spp., Shigella spp., Vibrio spp. 
and Campylobacter spp. was detected higher in the malnourished children 
than those in the well-nourished children. However, in both malnourished and 
well-nourished cases, the overall prevalence was estimated to be 2% for 
Yersinia spp., Aeromonas spp., and Plesiomonas spp., 6% for Vibrio spp., 
10% for Salmonella spp., and Shigella spp., and 14% for Campylobacter spp. 
Therefore, chalking out the source of the diarrhea causing bacteria together 
with subsequent preventive measures are of significance in view of public 
health safety. 
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INTRODUCTION 
Diarrheal illness is one of the major causes of morbidity and mortality in children living in the slums 
of developing countries including Bangladesh [1]. Diarrhea is, in reality, as much a nutritional disease 
as one of fluid and electrolyte loss. The disease is generally characterized by an increased frequency 
and volume as well as decreased consistency of stool from the norm. During diarrhea there is an 
increased loss of water and electrolytes (sodium, chloride, potassium, and bicarbonate) in the liquid 
stool. Water and electrolytes are also lost through vomit, sweat, urine and breathing. Dehydration 
occurs when these losses are not replaced adequately and a deficit of water and electrolytes develops 
[1-3]. The frequency of passing stool varies with age and is known to be higher in infants. Repeated 
attacks of diarrhea contribute to malnutrition, and diarrheal diseases are more likely to cause death in 
children who are malnourished [1]. Children who die of diarrhea, despite good management of 
dehydration, are usually malnourished and often severely consequently. Globally, there are 
approximately 1.7 billion episodes of diarrhea per year. Each year diarrhea kills around 760,000 
children under five year [2, 4-5]. One fifth of all under-five year old children in the developing world 
are malnourished and it is associated with more than one-third of all under-five deaths globally.  
In Bangladesh, 1.2 % of the ~17 million under-five children, approximately 200,000 are believed to 
be severely wasted [5]. From the latest national survey, 43% of children under-five were found 
stunted (16% severely stunted), 17% were considered wasted (3% severely wasted), and 41% were 
underweight, of which 12% are severely underweight) [6, 7]. Earlier report reveals that 70% of 
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diarrhea cases are of viral (40% rotavirus), 10–20% of bacterial and< 10% of protozoal origin. In 
developing countries 50–60% of cases are of bacterial (Enteropathogenic E. coli 25%, Campylobacter 
jejuni10–18%, Shigella spp. and Salmonella spp. 5% each), 35% of viral (15–25% rotavirus) origin, 
and in many the cause is unidentified or mixed. In developing countries the prevalence of diarrhea 
also varies widely by country [8-12]. 
Reducing these deaths depends largely on delivering life-saving treatment. Therefore, appropriate 
knowledge of etiology and appropriate management is essential for all health care practitioners. Also, 
finding out the source of bacteria associated with diarrhea of children is of significance especially in 
the developing countries where the sanitation and the maintenance of hygiene are not sound.  Along 
these lines, the present study attempted to investigate the practice and knowledge of recommended 
diarrhea-prevention behaviors of caregivers of fifty (50) malnourished & well-nourished children.  
The study aimed to isolate and identify etiologic bacteria from the complex microbial flora in feces, to 
chalk out the etiology of bacterial diarrhea diseases, and also to investigate the salt tolerance test and 
serotyping of vibrio spp., isolated from the feces specimens.  

MATERIALS AND METHODS 
Sampling sites, sampling schedule, collection and transfer of samples 
A total 50 samples were included in this study, collected from an urban slum (Mirpur-11) in Dhaka 
city during January 2013 - April 2013 in the ICDDR, B Laboratory, knowledge for Global Life 
Saving Solutions Mohakhali, Dhaka. Freshly passed stools were collected by the caregiver and as 
soon as it was available to the study researcher or fieldworker, a portion of the diarrheal stool sample 
was placed in Cary Blair (within 2 hours of production) and refrigerated in cold packs for 
transportation to the laboratory and processing. Proper transfer of samples (4 - 10 grams or ml of stool 
samples) from field to laboratory was carried out in clean, labeled, dry, leak-proof containers. 
Samples were transported in an ice chest or insulated carrier containing adequate amount of cold 
packs as well as cushioning material to protect the samples. Three sets of stool samples were used for 
each study subject: (i) whole stool sample or unpreserved stool sample (UP), (ii) stool in Cary-Blair 
medium (CB), used for Bacterial culture, and (iii) stool in 10% formol-saline (FS), used for 
Microscopic examination for ova and parasites. All samples were stored at -20 �C refrigerator until 
further processing. 
Examination of colony morphology on selective media and biochemical confirmation 
Examination of colony morphology included the routine cultivation across the selective media and 
also enzymatic activity. MacConkey agar were used for the isolation of Salmonella spp., Shigella 
spp., Aeromonas spp., Plesiomonas spp., Yersinia spp., Vibrio spp., Escherichia coli, XLD media 
were used for the isolation of Salmonella spp., Shigella spp., Aeromonas spp., Plesiomonas spp., 
Yersinia spp., Vibrio spp., TCBS agar was to isolate Vibrio spp., and Campy-BAP medium was used 
for the isolation of Campylobacter spp. The Campy-BAP is a blood agar that is highly selective for 
the growth of Campylobacter species. It contains several antibiotics which inhibit the growth of 
Gram-positive bacteria as well as most Gram-negative organisms. After the plate is inoculated, it is 
placed in a microaerophilic environment such as a sealed bag containing high carbon dioxide 
concentrations and low oxygen concentrations [13]. 
All the suspected isolates were biochemically examined (including oxidase test, lysine decarboxylase 
test, urease test, fermentation test, motility test and API 20E identification System) to identify the 
significant characteristic of bacteria according to the standard methods) [14-16].  
The API 20E identification system 
The API 20E identification System (containing a plastic strip with 20 separated compartments) is a 
miniaturized version of conventional biochemical tests that is used for the identification of members 
of the family Enterobacteriaceae and other gram-negative bacteria. Each compartment in the API strip 
consists of a depression, or couple, and a small tube that contains a specific dehydrated medium.  
After inoculating each compartment with the unidentified isolate, the specific biochemical reaction 
was observed within 24 hours. The results of each reaction were tabulated and then were given a 
number based on the results [15, 16]. 
Salt tolerance test  
All the isolates of Vibrio spp. were tested for their salt tolerance in alkaline peptone water (APW) 
containing 0, 3, 6, 8 and 10 % NaCl (w/v). Tubes containing 3 ml broth were inoculated with test 
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organisms grown in T1N1 broth for 3-4 hours at 37 �C. Growth was observed visually after 24 hours, 
with a cloudy appearance of the broth after shaking which indicated positive growth [17]. 
Serotyping  
Serological analysis was carried out using polyvalent V. cholerae 01 or 0139 antiserum and V. 
parahaemolyticus O-type and K-type antiserum prepared before initiating the serological analysis, the 
reactivity of the antiserum is checked with standard clinical strains of V. cholerae 01 or 0139. Isolates 
that yielded a positive response in the multi-test identification (Biochemical Characterization) 
medium were further screened for agglutination in the polyvalent 01 antiserum. Polyvalent antiserum 
positive isolates were then serotyped using Inaba and Ogawa antisera following slide agglutination 
test procedure [18]. 

RESULTS  
Among 50 cases of diarrhea, 26 (52%) specimens were collected from male and 24 (48%) were 
collected from female children. As shown in table 1, the frequency of well-nourished children 
samples (Control) were 25 (50%). Diarrhea infected mal-nourished children group was divided into 
two groups, according to their weight. On the contrary, the frequency of severe underweight children 
(<-3) samples were 16%, and moderate underweight children (-3 to -2.01) samples were 34%. In 
control samples, there were 14 specimens from male and 11 specimens from female patients. In case 
samples, there were 12 specimens from male and 13 specimens from female patients (Table 2). 
Biochemical confirmatory test results for the bacterial isolates are shown in supplementary sleeve.  
Prevalence of different bacterial species  
Total 23 samples were positive out of 50 samples. In both malnourished and well-nourished cases, the 
overall pervasiveness was estimated to be 2% for Yersinia spp., Aeromonas spp., and Plesiomonas 
spp., 6% for Vibrio spp., 10% for Salmonella spp., and Shigella spp., and 14% for Campylobacter 
spp. (Table 3). Twenty three (46%) samples were culture positive and Twenty seven (54%) samples 
were culture negative out of total fifty (100%) samples.  
All isolates of Vibrio spp. were tested for their salt tolerance (Table 4) in alkaline peptone water 
(APW) containing 0, 3, 6, 8 and 10 %( w/v) sodium chloride (NaCl). The probable serotype of Vibrio 
spp. was recognized in malnourished sample No: 7 & 8 and well-nourished sample No: 11 by salt 
tolerant test. In TCBS media, Vibrio spp. showed different colony characteristics. In malnourished 
sample no 7 the probable serotype was found as Vibrio cholerae and the serogroup was 01. In the 
malnourished sample No: 8 & well-nourished sample No: 11 the probable serotypes were found as V. 
parahaemolyticus & V. alginolyticus, respectively and the serogroups were then detected by PCR for 
further analysis.  Positive growths were found at 42 �C for all the serotype of Vibrio spp.  

Table 1: Gender of Child * Weight for Age Z score of the Child- Cross Tabulation 

            Gender of Child 
 
 

Weight for Age Z score of the Child 

Total 
 

Severe 
underweight 

(<-3) 

Moderate 
underweight 
(-3 to -2.01) Normal (>-1) 

     Male Count 4 8 14 26 
  % within 

Gender 
of child 

15.4% 30.8% 53.8% 100.0% 

 Female Count 4 9 11 24 
  % within 

Gender 
of child 

16.7% 37.5% 45.8% 100.0% 

               Total Count 8 17 25 50 
 % within 

Gender 
of child 

16.0% 34.0% 50.0% 100.0% 
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Table 2: Case or Control * Gender of Child- Cross Tabulation 
 

 

 

 

 

 

 

 

Table 3: Prevalence of different bacterial pathogenic species diarrheal stool samples 
 

 
 
Table 4: Probable Serotype and Serogroup recognition for Vibrio Spp. 

 
 
 
 
 

 
Diarrheal Case or Control 
 

       Gender of Child 
 

          
Total 

 
  
                
                 Control             Count 

              Male 
 

Female 
 

 
 

25 14 11 
   % of Total 28.0% 22.0% 50.0% 
   Case Count    12 13 25 
  % of Total 

 24.0% 26.0% 50.0% 

     Total Count 26 24 50 
 % within Gender of child 52.0% 48.0% 100.0% 
 % within Case or control            50.0% 50.0% 100.0% 

Total samples 
(100%) 

Group of Bacteria Number of 
positive sample 

(%) Prevalence 

 
 

 
50 

Case + Control 

Aeromonas spp. 1 2 % 
Salmonella spp. 5 10 % 
Plesiomonasspp. 1 2 % 

Shigella spp. 5 10 % 
Vibrio spp. 3 6 % 

Yersinia spp. 1 2 % 
Campylobacter spp. 7 14 % 

All Bacterial species Total = 23 Total = 46% 
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DISCUSSION  
In developing countries 50-60% diarrheal cases are of bacterial (Enteropathogenic Esherichia coli 
25%, Campylobacter jejuni 10-18%, Salmonella spp. and Shigella spp. 5% each), 35% of viral (15-
25% rotavirus) origin, and in many the cause is unidentified or mixed. Among the bacteriological 
pathogens Escherechia coli play an important role. Other bacteria, parasites, and viruses account for a 
significant percentage of diarrhea cases, however, the specific flora still yet to be screened [19]. An 
important aspect of the current study is the projection on the existence of Campylobacter spp. in the 
stool samples. The bacterium is known to be important enteric pathogens, with C. jejuni usually being 
responsible for the majority of enteric Campylobacter infections. 
A previous study showed that the higher rate of diarrhea was in the age group of less than 2 years 
among which the rate was highest 367 (69.9%) in the age group of 6-24 months, 101 (19.2%) in the 
age group of less than 6 months and the least rate of 14 (2.7%) was found in the age group of 49-60 
months [20]. The rate of diarrhea in less than 2 years of age was found to be statistically significant. 
Boys had higher diarrheal cases (64.2%) than girls (35.8%). In our study bacterial pathogens were 
found in 46 (8.8%) of cases. Similar results were also found by in Nepal [21-22]. In Oman, the 
prevalence of bacterial infection in cases of diarrhea among children in other countries varies between 
5.3% and 54% [23]. 
The present study provides information regarding the etiologies and diagnostic strategies appropriate 
for children presenting with diarrhea to an urban slum, and it demonstrates that intensive analysis of 
stool specimens in such a high-acuity population can identify a larger proportion of pathogens than 
has been reported previously. In developing countries, poor hygiene practice is the main reason for the 
high prevalence of diarrheal diseases. Use of clean water, flushed toilets and sanitary waste disposal 
habits in industrialized countries have limited the spread of diarrheal diseases. In addition, frequent 
hand washing with soap and good cooking and dining practices are important for preventing diarrheal 
diseases. 
Even with the shortfall of limited duration of the work, current study provides information regarding 
the etiologies and diagnostic strategies appropriate for children presenting with diarrhea to an urban 
pediatric emergency in developing countries including Bangladesh. The bacterial pathogens were 
found to be a significant cause of acute diarrhea. The most common causative organism for acute 
diarrhea was Shigella spp. and Campylobacter spp. Overall, the awareness of improving hygiene and 
infectious diseases may reduce the burden of infection.  
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