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SUMMARY: Bacteriological analysis of 1,551 stool/rectal swabs from all age groups of diarrhea patients of
different hospitals of Orissa from January 2004 to December 2006 was carried out using standard procedures.
Among all enteropathogens isolated in 886 culture-positive samples, Escherichia coli constituted 75.5%, including
13.2% pathogenic E. coli; Vibrio cholerae O1 constituted 17.3%; V. cholerae O139, 1%; Shigella spp., 4.5%
(Shigella flexneri type 6, 2.9%, S. dysenteriae type 1, 0.7%, S. sonnei, 0.6%, and S. boydii, 0.3%); Salmonella
spp., 0.7%; and Aeromonas spp., only 2.0%. The isolation of bacterial enteropathogens was highest during July
2005, followed by September 2006. The prevalence of shigellosis in this region was relatively low. Cholera
cases were more frequent during the rainy seasons. The dominance of V. cholerae O1 Inaba over Ogawa
serotypes was observed in 2005, whereas this trend was reversed in 2006. The resistance profile of V. cholerae
O1 was co-trimoxazole (Co), furazolidone (Fr), and nalidixic acid (Na); for Aeromonas spp., it was ampicillin
(A), Fr, ciprofloxacin (Cf), Na, norfloxacin (Nx), and Co. Pathogenic E. coli strains were resistant to A, Fr, Co,
streptomycin (S), Cf, Na, Nx, and neomycin (N); Shigella spp. were resistant to Fr, Na, Co, and S; and Salmonella
spp. were resistant to A and Fr. Active surveillance should be continued among diarrhea patients to look for
different enteropathogens and to define the shifting antibiogram patterns in this region.
leading to dehydration, electrolyte disturbances and hypovolmic
shock; without treatment, death can occur within hours (6).
V. cholerae poses a significant threat and is endemic in different parts of India. The state of Orissa has a long coastal
tract which experiences cyclones or flooding almost every
year, followed by diarrheal outbreaks accounting for a high
rate of morbidity and mortality in the state. There are published reports of outbreaks due to V. cholerae O1 and O139
serogroups in Orissa (7,8). So far, however, the reports on
the bacterial etiology of acute diarrhea among hospitalized
diarrhea patients from Orissa are scarce. Hence, the present
study was undertaken to document the incidence of different
bacterial enteropathogens associated with hospitalized diarrhea patients of all age groups from this region.

INTRODUCTION
Diarrhea is thought to be one of the most common causes
of morbidity and mortality among infants and children in
developing countries (1). Acute diarrhea is a devastating
disease with worldwide distribution and has a significant
impact on public health. Diarrheal diseases are the cause of
almost 3 million deaths annually, mainly among children
younger than 5 years of age (2). Globally, 1.3 billion cases of
acute diarrhea occur in children below 5 years annually, of
which more than 3 million are fatal; 80% of these deaths are
in children below 2 years of age (3). Approximately 35% of
the deaths can be attributed to acute non-dysenteric diarrhea,
and an estimated 45% occur in children with persistent
diarrhea (4). More than 20 viral, bacterial, and parasitic
enteropathogens are currently associated with acute diarrhea.
Among the viral and bacterial enteropathogens, rotavirus and
diarrheagenic Escherichia coli are those most commonly responsible for acute diarrhea in children. Shigella, Salmonella,
Campylobacter jejuni/coli, Vibrio cholerae, Aeromonas and
Plesiomonas spp. and other infections caused by protozoa
and helminthes occur more commonly among low-income
groups in poorer areas, where environmental sanitation is
significantly deteriorated (5). Cholera is an acute diarrheal
illness caused by the toxigenic bacteria V. cholerae serogroup
O1 and O139 and is associated with rapid loss of body fluids

MATERIALS AND METHODS
Specimen collection: The surveillance was conducted for
a period of 3 years from January 2004 to December 2006
among diarrhea patients in three Orissa hospitas: Capital
Hospital in Bhubaneswar, Infectious Disease Hospital in Puri,
and Sishu Bhaban in Cuttack. A total of 1,551 stool/rectal
swabs were collected from all age groups of diarrhea patients.
The samples were collected once a week from hospitalized
diarrhea patients before the administration of antibiotics and
carried to the laboratory in Cary-Blair transport medium.
Bacteriology and serology: The stool/rectal swabs were
subcultured on thiosulphate-citrate-bilesalt sucrose (TCBS)
agar (Becton and Dickinson Co., [BD], Sparks, Md., USA)
for the isolation of Vibrio spp., MacConkey agar (BD) for
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Table 1. PCR primer sequences and conditions used for the detection of genes specific for V. cholerae isolates
Group/
organism
V. cholerae

Target gene or
encoding region

Primer sequences (5´-3´)

Amplicon
size (bp)

ctxA

CTCAGACGGGATTTGTTAGGCACG
TCTATCTCTGTAGCCCCTATTACG

301

tcpA
(Classical)

CACGATAAGAAAACCGGTCAAGAG
ACCAAATGCAACGCCGAATGGAG

617

GAAGAAGTTTGTAAAAGAAGAACAC
GAAGGACCTTCTTTCACGTTG
GGCGACAGATTATACCGTGC
CGGTCTCTATATTCCCTGTT

471

ETEC

tcpA
(El Tor)
elt

EPEC

eae

AAACAGGTGAAACTGTTGCC
CTCTGCAGATTAACCCTCTGC

454

EAggEC

ast

CACAGTATATCCGAAGGC
CGAGTGACGGCTTTGTAG

450

94

PCR conditions1)

Reference

94°C 1.0 min
60°C 1.5 min
72°C 1.5 min

11

94°C 1.0 min
55°C 1.5 min
72°C 1.5 min
94°C 1.0 min
55°C 1.5 min
72°C 1.5 min
94°C 1.0 min
53°C 1.0 min
72°C 1.0 min

12

13

14

1)
: 30 cycles consisting of denaturation, annealing, extension.
ETEC, enterotoxigenic E. coli; EPEC, enteropathogenic E. coli; EAggEC, enteroaggregative E. coli.

the isolation of E. coli, Hektoen enteric agar (BD) for the
isolation of Shigella and Salmonella spp. and Rimler-Shotts
agar (Hi-Media, Mumbai, India) for the isolation of Aeromonas
spp. The method followed the protocol of the 1987 World
Health Organization manual (9). Serotyping of Shigella spp.
and V. cholerae was done with antisera (BD) according to the
instructions provided.
Antibiotic susceptibility test: Antibiotic susceptibility testing of Salmonella, Shigella, V. cholerae, pathogenic E. coli,
and Aeromonas was carried out by the disk diffusion technique (10) using a commercially available disc (Hi-Media).
The antibiotics used were ampicillin (A, 10 μg), co-trimoxazole
(Co, 25 μg), chloramphenicol (C, 30 μg), ciprofloxacin (Cf,
5 μg), furazolidone (Fr, 50 μg), gentamicin (G, 10 μg),
nalidixic acid (Na, 30 μg), norfloxacin (Nx, 10 μg), streptomycin (S, 10 μg), tetracycline (T, 30 μg), and neomycin (N,
30 μg).
DNA template preparation and polymerase chain reaction (PCR) assay for V. cholerae and E. coli: A multiplex
PCR assay was employed to determine the presence of Asubunit cholera toxin gene (ctxA) and to biotype the V.
cholerae strains by targeting tcpA (encoding the major structural subunit of the toxin co-regulatory pilus), which is specific for El Tor and classical strains by the method described
by Keasler and Hall (11). E. coli strains were screened for
the presence of a variety of virulent genes such as elt (encoding heat-labile toxin) (12) for enterotoxigenic E. coli (ETEC);
eae (gene for enterocyte attachment and effacement) (13)
for enteropathogenic E. coli (EPEC), and ast (encoding stable
toxin produced by enteroaggregative E. coli [EAggEC]) (14)
for EAggEC. Template DNA was prepared from the culture
grown in Luria broth (LB) overnight by boiling in a water
bath for 10 min and instantly cooling on ice. PCR amplification was done with appropriate volumes of 10× amplification
buffer (500 mM KCl, 100 mM Tris-HCl, 15 mM MgCl2,
(pH 8.3), 2.5 mM each deoxynucleoside triphosphate, 10 pmol
of each primer, 1.25 unit of Taq DNA polymerase (Bangalore
Genei, Bangalore, India) and 5 μl of template DNA. The
reaction volume was adjusted to 25 μl using sterile tripledistilled water. Simplex and multiplex PCRs were performed
in an automated thermocycler (MG96G; LongGene, Hangzhou,

China) for 30 cycles using conditions described in Table 1.
RESULTS
A total of 1,551 stool/rectal swabs obtained from patients
with acute diarrhea were analyzed from January 2004 to December 2006. Out of 886 (57.1%) culture-positive samples,
669 (75.5%) were E. coli, of which 117 (13.2%) were pathogenic, and 153 (17.3%) were V. cholerae (O1 Ogawa strain,
74 [8.3%]; and O1 Inaba strain, 70 [7.9%]; and O139 strain,
9 [1%]); in addition, 40 (4.5%) were Shigella, 6 (0.7%) were
Salmonella spp., and 18 (2.0%) were Aeromonas spp. (Table
2). Among the pathogenic E. coli spp. isolated, most were
EPEC (n = 40, 6%), followed by ETEC (n = 52, 7.8%), and
EAggEC (n = 25, 3.7%), respectively. Among the Shigella
spp. isolated, most were S. flexneri type 6 (n = 26, 2.9%),
followed by S. dysenteriae type 1 (n = 6, 0.7%), S. sonnei (n
= 5, 0.6%), and S. boydii (n = 3, 0.3%), respectively. During
the year 2004, the vast majority of the isolates from diarrhea
patients were E. coli (217, 93.1%), followed by Shigella spp.
(4.4%) and V. cholerae O1 Ogawa (2.1%). In the years 2005
and 2006 the isolates were mostly E. coli (73.3 and 62.2%),
followed by V. cholerae (20.9 and 25.7%) and Shigella spp.
Table 2. Spectrum of bacterial enteropathogens isolated from diarrhea
patients during January 2004 to December 2006
2004
n = 373
no. (%)
Culture Positive
Culture Negative

2005
n = 653
no. (%)

2006
n = 525
no. (%)

Total
n = 1,551
no. (%)

233 (62.5) 412 (63.1) 241 (45.9) 886 (57.1)
140 (37.5) 241 (36.9) 284 (54.1) 665 (42.9)

E. coli
217 (93.1) 302 (73.3) 150 (62.2) 669 (75.5)
Pathogenic E. coli
36 (15.5) 53 (12.9) 28 (11.6) 117 (13.2)
V. cholerae
5 (2.1)
86 (20.9) 62 (25.7) 153 (17.3)
V. cholerae O1 Ogawa
5 (2.1)
34 (8.3)
35 (14.5) 74 (8.4)
V. cholerae O1 Inaba
0 (0.0)
50 (12.1) 20 (8.3)
70 (7.9)
V. cholerae O139
0 (0.0)
2 (0.5)
7 (2.9)
9 (1.0)
Shigella
10 (4.4)
19 (4.6)
11 (4.6)
40 (4.5)
Salmonella
1 (0.4)
5 (1.2)
0 (0.0)
6 (0.7)
Aeromonas
0 (0.0)
0 (0.0)
18 (7.5)
18 (2.0)
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Fig. 1. Month wise isolation of different bacterial enteropathogens isolated from diarrhea patients from January 2004 to
December 2006.

(4.6%). Among the total culture-positive patients (886), 516
were male and 370 were female patients belonging to different age groups with a variety of clinical symptoms.
Seasonal analysis: Children were more likely to be brought
for treatment during the rainy season. Each year a higher
prevalence of diarrhea patients was reported from July to
October, the rainy season in this region. It gradually decreased
towards the month of November, and continued at a low rate
through February (winter), with prevalence reappearing from
March through June (summer). A high prevalence of infection due to V. cholerae was observed from July to October
almost every year (Fig. 1).
Age specific distribution of bacterial enteropathogens:
Out of the total samples analyzed, 28.6% (n = 253) of those
from the age group <5 years were positive for at least one
bacteria and 8.2% (n = 73) of those from 5 - 14 years. However, the rate increased up to 32.2% (n = 285) in people 15 40 years of age and 31% (n = 275) in cases of adults age >40
years. Males were more frequently infected than females in
the <5 years, 5 - 14 years, and >40 years age groups whereas
a higher prevalence was observed in females in the 15 - 40
years age group (Fig. 2).
Antibiotic susceptibility pattern: An antibiotic susceptibility test was done for V. cholerae strains, which showed
resistance to Co, Fr, and Na. The overall resistance profiles
were as follows: E. coli strains, A, Fr, Co, S, Cf, Na, Nx, and
N; Shigella spp., T, S, Na, Co, N, and Fr; and Salmonella, Fr
and A. The susceptibility pattern of Aeromonas spp. revealed
resistance to A, Fr, Cf, Na, Nx, and Co (Fig. 3). The V. cholerae
O1 Ogawa and Inaba isolates were sensitive to Nx, Cf, S, G,
T, C, N, A, and azithromycin. The pathogenic E. coli strains
were sensitive to C, G, and T. All 144 V. cholerae O1 isolates
were 94.1% resistant to Na, 88.2% to Co, and 80.4% to Fr.
The Aeromonas spp. were 83.4% resistant to A, 77.8% to T,
72.3% to Co and 61.2% to Na, respectively. Shigella spp.
were 75.6% resistant to Fr, 75.2% to Na, 60.1% to Co, and
55.9% to S. Similarly, Salmonella spp. were 60.4% resistant
to A and 59.7% to Fr. The virulent E. coli strains were 85.4%

Fig. 2. Age and sex wise distribution of culture positive patients during
January 2004 to December 2006.

resistant to A, 93.7% to Fr, 64.6% to Co, 58.3% to S, 79.2%
to Cf, 85.4% to Na, 66.7% to Nx, and 60.4% to N, respectively.
PCR assay of V. cholerae and E. coli: All the V. cholerae
O1 Ogawa (n = 74), V. cholerae O1 Inaba (n = 70) and V.
cholerae O139 (n = 9) strains isolated during the study period
were positive for ctxA and tcpA genes, showing the El Tor
biotype as revealed by PCR assay. Most of the EPEC (n =
40), ETEC (n = 52), and EAggEC (n = 25) strains isolated
were positive for eae, elt, and ast genes, respectively, as
revealed by PCR assay. During the years 2004, 2005, and
2006, EPEC cases numbered 10 (4.5%), 21 (7.0%) and 9
(6.2%), ETEC casese were 20 (9.2%), 21 (6.8%) and 11
(7.0%), and EAggEC cases were 6 (2.8%), 11 (3.7%) and 8
(5.3%), respectively.
DISCUSSION
This is the first report of a systematic surveillance study
on the prevalence of different bacterial enteropathogens isolated from hospitalized diarrhea patients from Orissa. In this
investigation five bacterial enteropathogens were isolated
from hospitalized diarrhea patients. The prevalence of cases
352

Fig. 3. Antibiotic resistance pattern of different bacterial enteropathogens. A, ampicillin; C, chloramphenicol; G, gentamicin;
Fr, furazolidone; Co, co-trimoxazole; S, streptomycin; Cf, ciprofloxacin; Na, nalidixic acid; Nx, norfloxacin; N, neomycin;
T, tetracycline.

male:female ratio remained 1.4:1 in their study period and is
agreement with the earlier report of Sharma et al. (27). A low
incidence of bacterial enteropathogens among children of age
group of 5 - 14 years old was observed in the present study,
which might be due to a low number of hospital admissions
of diarrhea patients from this age group. Sinha et al. (28)
from Kolkata, India reported 6.5 and 3.1% prevalence of
Aeromonas spp. during 2000 and 2001, respectively; whereas
a lower percentage (2%) of Aeromonas spp. was isolated from
the diarrhea patients in the present region.
Cholera was found to be more common during the rainy
season in this region. Sixty-eight V. cholerae O1 Ogawa and
only one Inaba strain were reported from Kolkata during 1996
(29). In the present investigation, 153 (17.3%) V. cholerae
strains, including 74 (8.4%) O1 Ogawa, 70 (7.9%) O1 Inaba,
and 9 (1%) O139 strains were isolated. We also found a very
low percentage of Salmonella spp. (<1%), Shigella spp.
(4.5%), and Aeromonas spp. (2.0%) from hospitalized diarrhea patients. Dutta et al. (30) from Kolkata analyzed 402 V.
cholerae isolates from 2004 and 2005, among which 43.3
and 56.7% were identified as Ogawa and Inaba serotypes,
respectively. A study conducted in Dhaka, Bangladesh during 1996 revealed the prevalence of cholera; out of 242 cholera cases, 132 patients were infected with V. cholerae O139
(54.5%) strains and 110 were infected with V. cholerae O1
strains (31). By comparison, a very lower number of V.
cholerae O139 (0 - 2.9%) strains were isolated from 2004 to
2006 in the present study. The presence of cholera toxin genes
like ctxA and tcpA for the El Tor biotype was also found among
V. cholerae strains by PCR assay.
Prevalences of different pathogenic E. coli have been reported among the diarrhea patients from different countries
as follows: 23.5% ETEC from North India (32); 15% EPEC
and 11.5% EAggEC in bloody diarrhea patients from
Baghdad, Iraq (33); 14% EPEC from Kuala Lumpur (34);
18% ETEC and 1% EAggEC in Jakarta, Indonesia (35); 6.5%
ETEC, 5.2% enteroinvasive E. coli (EIEC), 3.9% EAggEC,
and 2.6% EPEC in Beirut, Lebanon (36); 5.5% EPEC and
0.5% EAggEC in Athens, Greece (37); 12.8% EPEC, 10.2%
EAggEC, 5.7% ETEC, and 1.5% EIEC in Irbid, Jordan (38);
and 8.0% ETEC, 2.0% EAggEC, and EPEC and EIEC <1%
in Sweden (39), respectively. In the present investigation there
were low prevalences of EPEC (6%), ETEC (7.8%), and
EAggEC (3.7%) among hospitalized diarrhea patients from

of diarrhea in Ifakara, Tanzania with a known etiology was
71.8% in the dry season and 63.1% in the rainy season. Diarrhea in children in developing countries other than Tanzania
has been reported to have a known etiology in 50 to 60%
of the diagnosed cases (15,16); the main difference between
these reports is the inclusion of diarrheagenic E. coli, which
increased the frequency of cases of diarrhea with known
etiology to 34.6 and 28.0% in the dry and the rainy seasons,
respectively. Pai et al. (17) reported that EAggEC was responsible for 55% of the diarrhea cases in a diarrheal epidemic in
South India. Shigella spp. were isolated at a lower frequency
during dry and rainy seasons, whereas Vargas et al. (18)
from Ifakara, Tanzania reported high prevalence of Shigella
in dry season. Infection with diarrheagenic E. coli, S. flexneri,
Yersinia enterocolitica and Giardia were observed at lower
numbers in Italy in 1996 (19). As in the present invetigation,
Shigella spp. were also isolated from a low percentage of
diarrhea patients. Jindal et al. (20) has reported isolates of
E. coli (21.1%), Salmonella (8.6%), Shigella (4%), and
Campylobacter (0.7%) among children suffering from diarrhea in Amritsar, India during 1995, but we obtained a higher
percentage of E. coli (75.5%) and lower percentage of
Salmonella (0.7%) infection during the same study period. A
slightly higher percentage of E. coli and lower percentage of
Salmonella and Shigella were isolated from diarrheal children in Lagos, Nigeria in 1989 - 1990, whereas no V. cholerae,
Cryptosporidium, or Plesiomonas were detected (21). Mangia
et al. (22) reported the high prevalence of E. coli responsible
for childhood diarrhea in Brazil. Cholera is known to be highly
seasonal in North India, starting from April and lasting up to
November every year (23,24). We detected a greater number
of cholera cases in the months of August to November during the years 2005 and 2006. However, few cholera cases
were reported during the months of January and March of
2004, February of 2005, and February to March of 2006. Also
a greater number of V. cholerae isolates appeared in 2005
and 2006 in comparison to those during 2004, which might
have been due to the scanty rainfall of 2004 in comparison
to that in 2005 and 2006. A study conducted in Lahore,
Pakistan during 1985 to 1991 showed a high prevalence of
bacterial infection among children under the age of 5 years
in all seasons (25). Basak et al. (26) from Kolkata reported
E. coli and V. cholerae among hospitalized patients with secretary diarrhea in all age groups of patients during 1992. The
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Orissa. The virulent E. coli isolates varied from 15.5 to 11.6%
during the study period of 2004 - 2006 (Table 2).
Profuse watery diarrhea with rice water stool and vomiting were the clinical symptoms among the cholera cases
infected with V. cholerae. Shigella infection was occasionally associated with blood and/or mucus in stools; abdominal
cramping with mild fever was also noted.
Early institution of therapy using appropriate intravenous
fluid is lifesaving for cholera patients; however, therapy with
appropriate antimicrobial agents significantly shortens the
duration of hospitalization, and reduces the volume of stools
and rehydration fluids required. The resistance of enteropathogenic bacteria to commonly prescribed antibiotics is increasing in developing as well as developed countries. The
resistance pattern of V. cholerae was Na and Co; among
Shigella overall resistance to Na, Co, and Fr was observed.
The V. cholerae O1 isolates reported from West Bengal during 2004 were resistant to Co, Fr, and Na (41). In the present
investigation, V. cholerae isolates were resistant to Co, Fr,
and Na, but the profile for Shigella was T, S, Na, Co, N, and
Fr resistance. That of Salmonella was Fr and A resistance
whereas non-typhoidal Salmonella spp. reported from
Chandigarth during 2004 were resistant Cf only (40). Na resistance may be a forerunner of resistance to fluoroquinolones,
and occurrence of such resistance may create a therapeutic
challenge in the future. In North India, pathogenic E. coli
strains were resistant to A, G, cefotaxime, and Cf and sensitive to amoxyllin, Na, trimethoprim, and C during an
interepidemic period of 2001 and the epidemic period of 2002
(32). Oyofu et al. (42) reported that ETEC and EAEC strains
from Alexandria, Egypt in 1995 were sensitive to Nx, Cf,
and Na but were resistant to A, T, C, and sulfamethoxazole.
Santos et al. (43) reported that the strains of Shigella spp.,
Salmonella spp., E. coli, and Klebsiella pneumoniae from Latin
America were resistant to Fr, C, A, and G. In the present study,
it is reported that the pathogenic E. coli strains were resistant
to A, Fr, Co, S, Cf, Na, Nx, and N. Rationalization of therapy
for cholera cases is important in any cholera outbreak.
Aeromonas showed resistance to A, Fr, Cf, Na, Nx, and Co.
Of children’s diarrhea cases in Tehran, Iran, 4.5% were
Aeromonas spp. isolates (44). Sinha et al. (28) reported that
majority of Aeromonas strains isolated from hospitalized
diarrhea cases in Kolkata during 2004 exhibited multidrug
resistance.
Active surveillance and control strategies are needed for
reducing the number of cholera and diarrhea cases in this
region. Additionally, reporting of cholera cases and monitoring of the antibiotic resistance pattern are required for longterm surveillance of the changing and obscure epidemiology
of diarrheal disorders in Orissa.
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