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Abstract The aim of this research was to carry out a bacteriological study of Vibrio cholerae in Central India.
Cholera is an important public health problem in India and it continues to be a major concern as it is an important
cause of morbidity mortality. A total of 44 strains of V. cholerae were isolated from 150 stool samples received from
patients with acute diarrhea. All samples were plated onto different bacteriological media. Biotyping was performed
as per the standard procedures. Confirmation of the strains was done by seroagglutination using Polyvalent O1,
monospecific Ogawa and Inaba antisera. Antibiotic susceptibility testing was performed by Kirby Bauer's disk
diffusion method. The majority of the isolates belonged to type 27 (70.45%, i.e. 31 isolates). All Isolates were
susceptible to tetracycline, norfloxacin and were relatively susceptible to gentamicin (95%) and chloramphenicol
(95%). Continued monitoring, surveillance of all outbreaks and notification to relevant authorities are of utmost
importance in the fight against cholera. In addition, the molecular subtyping was essential to improve the tracing of
the sources of the outbreak.
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1. Introduction
Vibrio cholerae is a motile, gram-negative, curved rod
that belongs to the family Vibrionaceae and is considered
an important food- and water-borne bacterial pathogen.
There are approximately 200 recognized O serogroups, of
which serogroups O1 and O139 are associated with
cholera pandemics in humans [1]. Cholera is an important
public health problem in India and it continues to be a
major concern as it is an important cause of morbidity
mortality. It is an endemic disease with epidemics
occurring at regular intervals. Cholera is transmitted
through fecal contamination of water or food and causes
an acute, severe, watery diarrhea that can result in
hypovolemic shock and death if not treated with fluids [1].
A national and international response should be prompt
and its emphasis should be on minimizing mortality by
using oral rehydration, preventing infection by promoting
treatment of all water supplies for human consumption,
adequate sanitation and hygiene, and safe food preparation
[2]. Antimicrobial susceptibility testing of selected V.
cholerae O1 isolates conducted at the National Laboratory
of Public Health and at CDC demonstrated susceptibility
to tetracycline (susceptibility to this drug predicts doxycycline
susceptibility), ciprofloxacin, and kanamycin; and resistance

to trimethoprim-sulfamethoxazole, furazolidone, sulfisoxazole,
and streptomycin [2].
Bhattacharya and collaborators reported in 2015 the
emergence of new variant form of V. cholerae O1 El Tor
biotype with a novel mutation in ctxB in strains isolated
from various outbreaks during 2010-2014 in Belgaum
situated in north-west Karnataka, India. All the V.
cholerae O1 isolates were subjected to PCR to detect the
three different allelic subtypes and 14 strains were
subjected to ctxB gene sequence and pulsed-field gel
electrophoresis (PFGE) analysis. The authors concluded
that this was the first report of the Haitian variant of V.
cholerae O1 Ogawa causing outbreaks and sporadic cases
of cholera in South India [3].
Bacteriophage typing is a convenient and highly
discriminatory method of identifying epidemic strains of V.
cholerae. Constant monitoring of the prevalent phage
types in an area is important as introduction of a new
phage type may herald the onset of an outbreak [4]. The
aim of this research was to carry out a bacteriological
study of a cholera outbreak that affected Central India in 2010.

2. Material and Methods
A total of 44 strains of V. cholerae were isolated from
150 stool samples received from patients with acute
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diarrhea who were admitted to the Government Medical
College, Nagpur, between 1 April 2010 and 30 September
2010. The bacterial isolation was carried out using
standard laboratory techniques [5] at the Department of
Microbiology, Government Medical College of Nagpur,
India.

2.1. Stool Isolation and Culture of V. cholerae
Alkaline peptone water was used for the preliminary
enrichment of vibrios from the feces. All the samples were
plated onto MacConkey’s agar, Blood agar and
Thiosulphate Citrate Bile Salt Sucrose (TCBS) agar plates
[5]. The suspected colonies were subjected to Gram stain,
oxidase test, and motility and string tests. The Gram
negative rods that were oxidase positive, actively motile
and string test positive were subjected to further
biochemical tests [6]. These were indole, triple sugar iron
agar, cholera-red reaction, citrate utilization, ornithine
decarboxylase, lysine decarboxylase, arginine dihydrolase
and sugar fermentation tests using sucrose, mannitol,
arabinose and mannose [5]. Biotyping was performed as
per the standard procedures [5]. Confirmation of the
strains was done by seroagglutination using Polyvalent O1,
monospecific Ogawa and Inaba antisera (Central Research
Institute, Kasauli) [5].
Antibiotic susceptibility testing was performed by
Kirby Bauer's disk diffusion method [6]. The following
commercial antibiotic disks (Hi Media Laboratories,
Mumbai) were used: tetracycline (30 μg), ampicillin
(10 μg), furazolidone (100μg), cotrimoxazole (25 μg),
gentamicin (10 μg), norfloxacin (10 μg) and chloramphenicol
(30μg) and E. Coli ATCC 25922 reagent was used as
control. The plates were read after 16-18 hours incubation
at 37 °C. The zone of inhibition for each antibiotic was
interpreted as per Clinical and Laboratory Standards
Institute (CLSI) guidelines. After confirmation, the
isolates were stocked in alkaline nutrient agar deeps. All
the isolates were sent for phage typing at the National
Institute of Cholera and Enteric Diseases, Kolkata, where
confirmation of the isolates was performed by standard
microbiological techniques [6].

3. Results
During the period from 1 April 2010 and 30 September
2010, a total of 150 stool samples from acute diarrhea
cases were processed in our laboratory and from 150 stool
samples V. cholerae was isolated in 44 (29.33%) and all
isolates were V. cholerae O1. (Table 1)
Out of the number of patients with acute diarrhea due to
V. cholerae, 25 were from urban areas and 19 were from
nearby villages. This outbreak has almost equally affected
rural as well as urban population of this region. Males and
females were also equally affected in this outbreak.
All the isolates identified belonged to the Basu and
Mukherjee phage type T-2. In the present study, the new
phage typing scheme against V. cholerae O1 El Tor strains
showed the following phage types: T-27, T-23, T-26, T-12,
and T-13 as shown in Table 1. The majority of the isolates
belonged to type-27 (70.45% i.e. 31 isolates). All isolates
were susceptible to tetracycline, norfloxacin and were
susceptible to gentamicin (95%) and chloramphenicol
(95%) as shown in Table 2.

Table 1. Phage type of V. cholerae O1 isolates (n=44)
Phage type
No. of isolates

Biotype Serotype
Basu & Mukherjee

New scheme

31

El Tor

Ogawa

T-2

T-27

5

El Tor

Ogawa

T-2

T-23

3

El Tor

Ogawa

T-2

T-26

3

El Tor

Ogawa

T-2

T-12

2

El Tor

Ogawa

T-2

T- 13

Table 2. Antibiotic sensitivity pattern of V. cholerae O1 isolates
(n=44)
Antibiotic

Sensitive (%)

Resistant (%)

Gentamicin

42 (95.4)

2 (4.6)

Tetracycline

44 (100)

0 (0)

Furazolidone

14 (31.8)

30 (68.2)

Ampicillin

15 (34.1)

29 (65.9)

Streptomycin

12 (27.3)

32 (72.7)

Co-trimoxazole

3 (6.8%)

41 (93.2)

Chloramphenicol

42 (95.4)

2 (4.6)

Norfloxacin

44 (100)

0 (0)

4. Discussion
Vibrio cholerae O1 El Tor Ogawa has been the
offending agent since 1964. However, since 1992, a new
strain - V. cholerae O139 - first isolated in South India,
has been responsible for local outbreaks in geographically
distinct areas in India [7]. In this study, the 29.33% is the
percentage of isolation among patients with diarrhea. All
the 44 isolates were V. cholerae O1 and belonged to the
biotype El Tor and serotype Ogawa. These was similar to
the findings of Shah et al (2012) in their study in 2010 in
Jamnager, India [8]. In this study, during this recent
outbreak there was not a single isolate of O139. This
strain seems to have been completely replaced by V.
cholerae (El Tor) Ogawa. Re-emergence of O139 in 1998
was observed in South India [9]. In addition, sporadic
outbreaks from Ludhiana since 2004 have also been
reported [10]. Interestingly, in 2000 Pallavi Gard et al, in
Calcutta, India, had shown the Inaba strain to have
replaced the Ogawa strain. ( Pallavi Gard, 2000) [11].
Phage typing for V. cholerae is one of the best
established tools and markers for epidemiological
characterization of isolates. All of them were identified
and they belonged to the Basu and Mukherjee phage type
T-2, which is similar to the study reported by Oberoi and
Aggarwal in 2007 [10]. These findings are in contrast with
several studies from Mumbai [4] and Bikaner, where all
the strains belonged to phage type T-4 [12]. The most
prevalent biotypes in India are T-2 and T-4 [13]. But, the
present study reports that the following four phage types:
T-27, T-21, T-25 and T-23 were the most prevalent in
Central India [Table 1].
The majority of the isolates belonged to type-27
(70.45%, i.e. 31 isolates). The pattern of phage typing
nearly coincides with that of a study carried out in 2009
by Srirangaraj and Venkatesha (78.58% i.e.11 isolates)
[14]. T-27 was the predominant phage type reported from
studies in Bikaner [12] and Mumbai [4]. In the present
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study showed differences among the prevalence of isolates;
where 5 (11.36%) belonged to T-23, 3 each (6.81%)
belonged to T-26 and T-12 and 2 (4.54%) belonged to T21. The new scheme was more discriminatory and it could
identify five circulating phage types when compared with
a single phage type identified by the Basu and Mukherjee
scheme.
Tetracycline is the drug of choice for the treatment of
cholera. In this study all the isolates were susceptible to
tetracycline and norfloxacin. The isolates showed relative
susceptibility to gentamicin (95%) and chloramphenicol
(95%). Similar susceptibility pattern results of these
antibiotics against V. cholerae have been reported from a
study in Tamil Nadu [13]. Sensitivity to ampicillin (34.1%)
and co-trimoxazole (6.8%) was also observed and it is
depicted in Table-2. Multidrug resistant V. cholerae have
been reported in different parts of the India [15-16],
making imperative that all isolates must be subjected to
susceptibility and resistance patterns. It must be monitored
as the emergence of resistance among vibrios may
significantly influence the strategies in future outbreaks.
It was reported in the literature that V. cholerae strains
were isolated from 29 states of India. All of the strains
belonged to serogroup O1 biotype El Tor. The
predominant phage type was T-27. Multidrug-resistant
strains showed resistance to norfloxacin and ampicillin
[17]. This contrasts with the results obtained in our study
that showed 100% of the V. cholerae strains were
sensitive to norfloxacin and tetracycline. A study carried
out in various regions of Kenya between 2007 and 2010
showed that serotype Inaba was dominant (88.2%)
compared to Ogawa. In addition the isolates showed
varying levels of antibiotic resistance ranging from 100%
susceptible to tetracycline, doxycycline, ofloxacin,
azithromycin, norfloxacin and ceftriaxone to 100%
resistant to furazolidone, trimethoprim-sulfamethoxazole,
polymyxin-B and streptomycin [18].

Kolkata for confirming and phage typing the V. cholerae
isolates.
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