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ABSTRACT 
 

A total of 17 stool samples were collected from enteric fever suspected patients 
of Mymensingh Medical College Hospital, Mymensingh, Bangladesh. Results of 
morphological, biochemical examinations and pathogenicity test revealed 
Escherichia coli (47%), Klebsiella spp. (41%), Citrobacter spp. (29%). In cultural 
examination, all Escherichia coli showed metallic sheen on EMB agar, Klebsiella 
spp. showed moist shiny mucoid colonies and Citrobacter spp. showed large 
convex colorless dwarf colonies on MacConkey agar. In biochemical 
examination, all the isolates fermented five basic sugars with the production of 
acid and gas where the Citrobacter spp. were late lactose fermenter. Escherichia 
coli was indole and MR positive but V-P negative, Klebsiella spp. were V-P 
positive but MR and Indole negative and Citrobacter spp. were MR positive but 
V-P and Indole negative. All isolated bacterial species were sensitive to 
ciprofloxacin but resistant to amoxicillin. Salmonella typhi or Salmonella paratyphi 
organisms were not present in the stool samples examined. This may be due to 
collection of samples from patient having antibiotic therapy with Ceftriaxone 
through intravenous route for 3 days prior to collection of samples. From this 
study, it may be concluded that Escherichia coli, Kelbsiella spp. and Citrobacter 
spp. may be commonly present in enteric fever suspected patients or they may 
produce enteric fever like symptoms in human. 
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INTRODUCTION 
 
Enteric fever refers to enteric illnesses of human caused by Salmonella enterica (S. enterica) 
serovars typhi and paratyphi A, B and C (Crump et al., 2004) under the family 
Enterobacteriaceae. It is a gastrointestinal condition mainly in the developing world 
usually as a form of food poisoning. Both typhoid and paratyphoid are collectively called 
‘enteric fever’, (Levine et al., 1983) that causes a generalized infection of the 
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reticuloendothelial system and endothelial cells accompanied by sustained fever and 
bacteremia which encompasses a range of severity with typhoid to the severe and 
paratyphoid to the milder parts of the spectrum. In most endemic areas, approximately 
90% of enteric fever is typhoid (Parry, 2006). Serovar paratyphi A is the second most 
prevalent cause of typhoid responsible for one third of cases or more in southern and 
eastern Asia (McClelland et al., 2004). The incubation period of enteric fever may be as 
long as 3 weeks following ingestion of the infectious dose of organisms (Gutherie, 1991). 
 
Some other enterobacterial species along with S. enterica serovars typhi and paratyphi can 
be demonstrated from enteric fever infected or suspected patients. These include 
Escherichia coli (E. coli), Shigella spp, Klebsiella spp., Citrobacter spp., Enterobacter spp., 
Proteus spp., Serratia spp. etc. 
 
The global emergence of multidrug-resistant (MDR) strains and of strains with reduced 
susceptibility to fluoroquinolones is of great concern (Bhan et al., 2003). There are about 
16 million cases a year which result in about 25,000 deaths worldwide (Rubin et al., 2007). 
In Bangladesh many people affected with typhoid and paratyphoid each year. The 
incidence rate of enteric fever in central and south Asia is estimated at more than 100 
cases/100,000 population per year with the highest burden of disease seen in children. 
The incidence of typhoid is higher in 0-4 age groups and male are more susceptible than 
female (Freeman, 1985). Typhoid first reported in Bangladesh in 1986 and Pakistan in 
1988 and is currently endemic in South Asia (Morshed et al., 1986). 
 
The confirmatory diagnosis requires isolation and characterization of the causal agents 
from suspected cases and cultural, morphological, biochemical and serological 
examinations.  Control measures required treatment with antibiotics and vaccination. 
Major treatment of enteric fever includes ciprofloxacin for ten days or ceftriaxone/ 
cefotaxime for 14 days or azithromycin for seven days (CDC, 2001). Thus the present 
work was designed to isolate and characterize the bacterial species from enteric fever 
suspected human cases and as well as to evaluate the antibiogram. 
 

MATERIALS AND METHODS 
 
The experiment was conducted from January, 2009 to November, 2009 in the Bacteriology 
laboratory of the Department of Microbiology and Hygiene, Bangladesh Agricultural 
University, Mymensingh.  
 
Laboratory and specimens 
A total of 17 stool samples from enteric fever suspected patients of Mymensingh Medical 
College Hospital were tested for the examination. 
 
Cultivation, biochemical characterization and isolation of bacterial species  
Stool samples were collected and immediately brought to the Bacteriology laboratory, 
grown into Nutrient broth by incubating at 37oC for 24 hours aerobically. From the 
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Nutrient broth it was then cultured onto different cultural meadia such as Nutrient agar, 
Blood agar, Salmonella-Shigella (SS) agar, MacConkey agar and Eosin Methylene Blue 
(EMB) agar to study the cultural characteristics of the organisms. Then morphological, 
biochemical examinations and pathogenicity test of the isolates were performed 
(Merchant and Packer, 1976; Cheesbrough, 1985) to identify the organisms present in the 
stool of enteric fever suspected human patients. 
 
Motility test 
The motility test was performed according to the method described by Cowan (1985) to 
differentiate motile bacteria from the non-motile one. Before performing the test, a colony 
of pure culture was allowed to grow in NB. One drop of cultured broth was placed on the 
cover slip and placed inverted over the concave depression of the hanging drop slide to 
make hanging drop preparation. Vaseline was used around the concave depression of the 
hanging drop slide for better attachment of the cover slip to prevent air current and 
evaporation of the fluid. The hanging drop slide was then examined carefully under 100X 
objective of a compound light microscope using immersion oil. The motile and non-
motile organisms were identified by observing motility in contrasting with movement of 
bacteria. 
 
Pathogenicity test 
On the basis of the statement of Merchant and Packer (1976) on pathogenicity test, day 
old white suckling and adult  female mice were used to observe the entero-pathogenicity 
of the isolated bacterial species. In this experiment, 23 mice were divided into 21 groups 
where each group contain one mouse including control group. For inoculation into mice, 
a single colony of each isolate of enteric bacterial species were  added to the 5 ml of NB. 
The broth was then incubated at 37oC for 24 hours aerobically and determined colony 
forming unit (CFU) per 100 µl as per standard protocol. A dose of 250 µl/mouse (200 
CFU/100 µl) of culture was given to mice orally. Control group consisting of one mice 
were inoculated with sterile nutrient broth.  
 
Another 8 mice of 45 to 60 days-old were divided into 8 groups where each group contain 
one mouse including control group and 1 ml ((200 CFU/100 µl)  of 7 isolates of  Klebsiella 
were injected though intragastric route. All the mice were kept isolated and under 
observation for 4 days. Mice that died during observation period were subjected to 
postmortem examination in order to reisolate the organism. 
 
Antibiogram study of isolated bacterial species 
Susceptibility of the isolated bacterial species to different antibacterial agents was 
performed through disc diffusion method (Bauer et al., 1996). In this method isolated 
bacterial species were grown overnight on selective agar. The overnight cultured isolates 
were inoculated into Nutrient Broth and poured on Nutrient Agar or other selective agar 
and spread uniformly with the help of sterile glass spreader. Antibacterial disc were 
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applied aseptically to the surface of the plate at an appropriate arrangement with the help 
of sterile forceps and incubated aerobically at 37oC for 24 hours. 
 
Maintenance of stock culture 
Bacterial species isolated from enteric fever suspected human patients were preserved in 
agar slant method, 80% buffered glycerin and soft agar method.   
 

RESULTS AND DISCUSSION 
 
Salmonella enterica  serovars typhi and paratyphi A, B and C are the actual causal agents of 
enteric fever but some other enterobacterial species are associated from enteric fever 
suspected and/or infected human cases. Out of 17 stool samples examined, 8 (47%) were 
positive for E. coli, 7 (41%) for Klebsiella spp. and 5 (29%) for Citrobacter spp.    
 
In this study, all Escherichia coli (E. coli) produced metallic sheen while Klebsiella spp. 
produced large moist, shiny, mucoid, more watery pale red colony with dark red and 
Citrobacter spp. produced large, circular, smooth surface, pale red colonies on EMB agar. 
On MacConkey agar E. coli produced large, smooth, round, dull, opaque and low convex 
rose pink colored colony while Klebsiella spp. produced large, moist, shiny, mucoid, 
convex pink color colony and Citrobacter spp. produced large, moderately convex with an 
entire edge colorless and dwarf colonies. On SS agar, E. coli produced pinkish circular 
small colony where as the Klebsiella spp. produced small, slight growth, pink colony with 
pink red precipitation of the medium and Citrobacter spp. produced small blackish colony 
with pink red precipitation of the medium. In Gram’s staining, all E. coli and Citrobacter 
spp. were Gram-negative, pink colored, medium rod shaped and arranged in single or 
paired. All isolated Klebsiella spp. were Gram-negative, pink colored, large bacilli and 
arranged in single. Among all isolated bacterial species, Klebsiella spp. were found to be 
non-motile and E. coli and Citrobacter spp. were found to be motile when examined using 
hanging drop slide under microscope.  
 
The present study showed colony growth characters of E. coli on EMB and MacConkey 
agar exhibited characteristic reaction which relates to the findings of Ali et al. (1998). On 
the other hand colony growth characters of Klebsiella spp. and Citrobacter spp. on EMB 
agar, MacConkey agar and SS agar also showed remarkable characteristic pattern which 
were similar to the findings of the other authors such as Cheesbrough (1985); Wong et al. 
(1985); Bagley et al. (1978); Sghau et al. (1958); Bergan (1984) respectively. In Gram’s 
staining, the morphology of isolated bacterial species was supported by Thomas et al. 
(2005) and Freeman (1985) for E. coli, Ryan et al. (2004) for Klebsiella spp. and Cheesbrough 
(1985) for Citrobacter spp. 
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In biochemical test all isolates fermented 5 basic sugars with the production of acid and 
gas except late lactose fermenter Citrobacter spp. (Table 1). E. coli isolates were MR and 
Indole positive where as Klebsiella spp. were V-P and Citrobacter spp. were  MR positive. 
In TSI agar slant reaction E. coli and Klebsiella spp. exhibited Yellow slant and yellow butt 
Citrobacter spp. showed red slant and yellow butt (Table 1) which was described earlier 
(Chessbrough, 1985). The results of MR, V-P and Indole test of E. coli, Klebsiella spp. and 
Citrobacter spp. strongly support the findings of Ali et al. (1998); Thomas et al. (1998); 
Buxton and Fraser (1977); Cheesbrough (1985). 
 
Table 1. Biochemical reactivity patterns of isolated bacterial species  

Fermentation of 5 basic sugars with 
the production of acid and gas 

MR 
test 

Isolates 

DX ML L S MN  

V-P   
test 

Indole  
test 

Reaction in TSI agar 
slant 

E. coli + + - + Yellow slant (AR) 
Yellow butt (AG) 

Klebsiella spp. + - + - Yellow slant (AR) 
Yellow butt (AG) 

Citrobacter spp. + but late lactose fermentation + - - Red slant (AkR) 
Yellow butt (AG) 

Legends : AR = Acid reaction, DX = Dextrose, ML = Maltose, L = Lactose, S = Sucrose, MN = 
Mannitol, AG = Acid and Gas, MR = Methyl Red, V-P = Voges-Proskauer, + = positive, - = Negative 
 
In pathogenicity test, all isolates were administered orally into female mice and all E. coli 
and Klebsiella spp. inoculated mice were died within 18 to 48 hours of administration but 
Citrobacter spp. administered mice were died after 30 hours. On the other hand, another 
group which was injected through intragastric route with each of 7 Klebsiella spp. were 
died within 22 to 48 hours of injection. On post-mortem examination, gross pathological 
lesions were observed in almost all the dead mice. The mice those died comparatively 
earlier revealed the congestion of blood vessels. In most cases, pin point hemorrhage and 
congestion was commonly observed in liver, lung, kidney and intestine. In Kelbsiella spp. 
injected mice, there was remarkable congestion in lung, liver and heart muscle. The liver 
discolored to black and the lung showed the sings of pneumonia. The present findings 
were supported by the findings of Cogen and Moore (2009); Bleich et al. (2008). 
 
Comparative antibiogram results of E. coli, Klebsiella spp. and Citrobacter spp. were 
summarized in Table 2. All isolated bacterial species from enteric fever suspected patients 
were found to be sensitive to ciprofloxacin and resistant to amoxicillin. 
 
The antibiogram study of E. coli supports the finding of Ameh et al. (2003); Jordi et al. 
(1999); Chowdhury et al. (1994); Klebsiella spp. supports the finding of Stock and 
Wiedemann (2001) and Citrobacter spp. supports the finding of Barger et al. (2002). 
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Table 2. Comparative antibiotic sensitivity pattern of isolated bacterial species  

Sensitivity analysis (%) 

E. coli Klebsiella spp. Citrobacter spp. 

Disc 

S IS R S IS R S IS R 

CIP 100 0 0 43 57 0 80 20 0 

C 100 0 0 29 57 29 60 10 0 

AML 0 0 100 0 0 100 0 0 100 

CL 0 0 100 0 0 100 40 20 40 

W 63 25 13 0 43 57 40 40 20 

CE 38 0 63 0 28 71 - - - 

TE 50 38 13 29 57 14 40 60 0 

CN 63 0 38 - - - 80 20 0 

AZM - - - 43 43 14 80 20 0 

E - - - 29 71 0 80 20 0 

Legends : S = Sensitive, IS = Intermediately Sensitive, R = Resistant, CIP = Ciprofloxacin, C = 
Chloramphenicol, AML = Amoxicillin, CL = Cephalexin, W = Trimethoprim, CE = Cephradine, TE 
= Tetracycline, CN = Gentamicin, AZM = Azithromycin, E = Erythromycin, - = Not done 
 

CONCLUSION 
 
Salmonella typhi or Salmonella paratyphi organisms were not present in the examined stool 
samples. This may be due to collection of samples from patient having antibiotic therapy 
with Ceftriaxone through intravenous route for 3 days prior to collection of samples. 
From this study, it may be concluded that Escherichia coli, Kelbsiella spp. and Citrobacter 
spp. may commonly present in enteric fever suspected patients or they may produce 
enteric fever like symptoms in human. 
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