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Aim: Cholera, caused by ingestion of Vibrio cholerae-contaminated food or water, poses
a lethal threat and remains a global public health concern. This research aimed to char-
acterize Vibrio species from cholera-suspected patients in three hospitals in Dinajpur.
Methods: We collected 36 stool samples from cholera-suspected patients prior to any
treatment and then isolation and identification of Vibrio spp. were performed using
conventional cultural, morphological, biochemical tests, and polymerase chain reaction
(PCR)-targeting the 16S ribosomal RNA (rRNA) gene of Vibrio cholera. The antibiogram
study of the isolated bacteria was conducted using the disc diffusion method.

Results: The highest Prevalence was observed in children (18.18%), compared to adoles-
cents (0%), adults (16.67%), and senior adults (16.67%). Cultural identification revealed
yellow colonies on thiosulphate citrate bile salts sucrose agar, hemolytic colonies on
blood agar, pale non-lactose fermenting colonies on MacConkey agar, and white, opaque
colonies on nutrient agar. Gram staining showed gram-negative, curved rod-shaped bac-
teria. Biochemical tests indicated positive reactions for oxidase, catalase, methyle red, tri-
ple sugar iron, citrate utilization, motility indole urea, and indole, while voges-proskauer
was negative. Molecular characterization by PCR and gel electrophoresis using 16S rRNA
primers confirmed the presence of Vibrio spp. Antibiotic sensitivity testing showed that
isolates were sensitive to cotrimoxazole-25 pg (21 to 30 mm), neomycin-30 pg (22 mm),
gentamicin-10 pg (15 mm), streptomycin-10 pg (20 mm), and tetracycline-30 pg (17
mm), but resistant to penicillin, mecillinam, and amoxicillin.

Conclusion: The results of the current study help to identify Vibrio cholera and also
these findings suggest streptomycin and cotrimoxazole as effective drugs for controlling
cholera.
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Introduction

Cholera is one of the most significant fatal diarrheal
diseases affecting humans, primarily involving the
small intestine. This disease has persisted endemic
across various parts of the world for centuries,
resulting in millions of deaths [1,2]. In Bangladesh,

diarrheal disease is estimated to be the fourth lead-
ing cause of death among children, with Vibrio chol-
erae recognized as the sole causative agent respon-
sible for cholera outbreaks [3]. The World Health
Organization [4] estimates that diarrheal diseases
cause 3 to 5 million deaths annually, affecting 10%
of the population in developing countries, including
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Bangladesh. They have set a roadmap to reduce
the mortality rate by approximately 90% by 2030.
Cholera remains a global public health threat and
a key indicator of inadequate social development.
The re-emergence of cholera has been noted in
conjunction with the increasing size of vulnerable
populations living in unsanitary conditions [5,6].
Vibrio species are diverse bacteria naturally inhab-
iting aquatic environments, particularly estuaries,
marine coastal waters, sediments, and aquaculture
settings in temperate and tropical climates [7]. The
genus currently includes 72 species, 12 found in
human clinical samples. Among these, V. cholerae is
the etiological agent of cholera, acute dehydrating
diarrhea occurring in epidemic forms worldwide,
especially in developing countries [8,9]. The major
sources of V. cholerae infections are contaminated
food and water [10]. Transmission can also occur
by consuming raw, undercooked, contaminated, or
re-contaminated food. Humans are the only ani-
mal hosts affected. Risk factors include poor sani-
tation, inadequate personal and domestic hygiene
practices, and poverty [11]. Traditional labora-
tory procedures for biochemical identification are
labor-intensive and slow, whereas molecular detec-
tion via polymerase chain reaction (PCR) offers a
reliable alternative. Many PCR methods have been
developed targeting housekeeping genes such as
16s ribosomal RNA (rRNA), 23s rRNA, pho, amiB,
dnaj, gyrB, rpoA, and rpoB [12,13]. However, issues
with sensitivity and specificity persist, leading to
false-positive and false-negative results in Vibrio
spp. PCR assays [14]. Therefore, in this study, 16s
rRNA gene primers were used specifically to detect
Vibrio spp. Antimicrobial therapy remains crucial
as it can reduce the volume of diarrhea, shorten the
duration of symptoms, and decrease the excretion
of vibrios in the stool [15,16]. However, antibiot-
ic-resistant strains of V. cholerae are increasingly
reported. Resistance to various antibiotics is also
common among environmental non-01, non-0139

isolates from Malaysia, Thailand, South India, and
Bangladesh [17]. In Bangladesh, patients are often
treated with broad-spectrum antibiotics without
species-specific detection, which may contribute to
the ineffectiveness of these treatments. This study
is important because species-specific detection
during bacterial disease outbreaks is crucial for
effective treatment and rapid patient recovery. The
present study was conducted to isolate, identify,
and characterize field isolates of Vibrio spp. using
cultural, morphological, biochemical, PCR, and gel
electrophoresis techniques, along with determining
the identified species’ antibiotic resistance and sen-
sitivity profile.

Materials and Methods

Study area and sample collection

Fresh diarrheal stool samples were collected from
patients at three hospitals in Dinajpur (Fig. 1):
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Figure 1. Map of Dinajpur district with the
GPS coordinates of 25° 38’ 11.6664” N and 88° 38’
10.7592” E.

Table 1. Stool sample collection for Vibrio spp. from three different hospitals in Dinajpur.

Age of patients (year)

gl M s St T
A 10 0 2 7 19
B 3 0 2 0 5
C 9 1 2 0 12
Total number of sample 22 1 6 7 36

Legends: A = Dinajpur 250 Bed General Hospital, B = M. Abdur Rahim Medical College, C = Hospital and Saint Vincent Hospital Dinajpur
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Dinajpur 250 Bed General Hospital, M. Abdur Rahim
Medical College and Hospital, and Saint Vincent
Hospital Dinajpur. These patients were suspected
of being infected with cholera (Table 1). A total of
36 samples were obtained before any treatment
was administered. The collected stool samples
were immediately transported to the Bacteriology
Laboratory of the Department of Microbiology at
Hajee Muhammad Danesh Science and Technology
University (HSTU) in Dinajpur. Alkaline peptone
water (Merck, Germany) was used for enrichment.
The samples were then inoculated onto thiosulphate
citrate bile salts sucrose (TCBS) agar plates (Merck,
Germany) to isolate and identify Vibrio species.
The experiment was conducted in the Bacteriology
Laboratory of the Department of Microbiology at
HSTU, Dinajpur.

Isolation and identification of Vibrio spp.

Collected cholera-suspected patients’ stools spec-
imens were incubated in nutrient agar medium
(Hi-Media, India) for 24 hours at 37°C. After that
developed in MacConkey agar (MAC) medium
(Hi-Media, India), blood agar medium (Hi-Media,
India), and TCBS agar plates (Merck, Germany)
separately by following manufactures’ guideline at
37°C for 24 hours. For more confirmation, we did
biochemical tests [Methyle Red (MR test), Voges-
Proskauer (VP test), indole test, catalase test, oxidase
test, motility indole urea (MIU test), Simmons citrate
test, and triple sugar iron (TSI Test)] according to
Cheesbrough (1985), Buxton and Fraser (1977),
Merchant and Packer (1967), and OIE (2004) [18-
21] were then conducted to confirm the identifica-
tion of Vibrio spp.

DNA extraction

Pure colonies from TCBS agar were grown in TCBS
Broth medium overnight. We extracted DNA using
the following steps: First, 1 ml of broth was taken
in Eppendorf tubes and centrifuged at 5,000 rpm
for 3 minutes. The supernatant was discarded, and
500 pl of PBS was added and mixed. The mixture
was centrifuged again at 5,000 rpm for 3 minutes.
This step was repeated: discarding the superna-
tant, adding 500 pl of PBS, mixing, and centrifug-
ing at 5,000 rpm for 3 minutes. After discarding the
supernatant for the final time, 200 pl of TE buffer
was added, and the tubes were sealed with parafilm
paper. The samples were boiled for 10 minutes and
then chilled on ice for 10 minutes. After chilling,
the samples were centrifuged at 10,000 rpm for 10
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minutes. We collected 100 pl of the supernatant as
DNA. The extracted DNA was stored in a -20°C deep
freeze until used for PCR.

Primers

For PCR, we used a reference primer targeting
the 16S rRNA gene of V. cholerae. The forward
primer was 63f (5’"CAGGCCTAACACATGCAAGTC3"),
and the reverse primer was 763r
(5’GCATCTGAGTGTCAGTATCTGTCC3"), selected
according to Marchesi et al. [22] with little modifi-
cation. This primer pair produced a 712 bp band in
gel electrophoresis.

PCR amplification and thermal condition

In PCR amplification we used a total volume of the
product was 25 pl. PCR master mix (Promega, USA)
had taken 12.5 pl, 1 pl Forward primer, 1 pl reverse
primer, 5.5 pl nuclease-free water, and 5 pl DNA
template in each PCR tube. For thermal condition
we followed initial denaturation at 95°C, 1 cycle
for 5 minutes; denaturation at 94°C for 1 minute;
annealing at 61°C for 30 seconds and extension at
72°C for 1 minute for cycle 30 and final extension
done at 72°C for 5 minutes just for 1 cycle. Then,
hold the product at 4°C and prepare for further
initiatives.

Agarose gel electrophoresis

After completing the thermal cycle, PCR products
were analyzed by gel electrophoresis (MGU-402T,
CBS Scientific, United Kingdom) using 1xTAE buffer.
Final products were run 1.5% agarose gel (Promega,
USA). 5 ul of each PCR product was mixed with 1 pl
of loading dye (Promega, USA) and the sample was
loaded to the appropriate well of the gel, where the
gel was stained in ethidium bromide (0.5 pg/ml).
Electrophoresis was accomplished for 40 minutes
at 100 V. After that, the DNA band was visualized
with gel documentation.

Antibiotic sensitivity tests

All bacterial isolates were subjected to an antibiotic
sensitivity test by the Kirby-Bauer Disc diffusion
method [23] according to The European Committee
on Antimicrobial Susceptibility Testing standard
(EUCAST) guidelines [24]. The antimicrobial discs
(Oxoid, UK) (10 antibiotic discs; tetracycline 30 pg,
erythromycin 15 pg, azithromycin 15 pg, strepto-
mycin 10 pg, gentamicin 10 ug, cotrimoxazole 25 pg,
penicillin 10 pg, mecillinam 25 pg, neomycin 30 pg,
and amoxicillin 30 pg) were applied to the nutrient
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Table 2. Antimicrobial agents with their disc concentration and zone diameter interpretive standards (CLSI) for Vibrio spp.

Name of antibiotics with disc

Interpretation of results

Sl. No. concentration (ug/disc) (zone of diameter in mm)
S | R
1 Tetracycline 30 >15 12-14 <11
2 Erythromycin 15 >23 14-22 <13
3 Azithromycin 15 >18 14-17 <13
4 Streptomycin 10 215 12-14 <11
5 Gentamicin 10 >15 13-14 <12
6 Cotrimoxazole 25 >16 11-15 <10
7 Penicillin 10 229 - <28
8 Mecillinam 25 >17 12-15 <14
9 Neomycin 30 >15 13-16 <12
10 Amoxicillin 30 >18 14-17 <13

Legends: Sl = Serial, No. = Number, pug = Microgram, mm = Millimeter, S = Susceptible, | = intermediately resistant, R = Resistant, > =

Greater than or equal to, < = Less than or equal to.

agar and Mueller-Hinton agar plates. McFarland
0.5 standard was maintained for each culture sus-
pension of bacterial isolates before the antibiogram
study. After incubation, the diameter of the zones of
complete inhibition (including the diameter of the
disc) was measured and recorded in millimeters.
After the disks were placed on the plate, the plate
was incubated at 37°C for 24 hours. After incuba-
tion, antimicrobial testing results were recorded
as sensitive, intermediate, and resistant according
to the National Committee for Clinical Laboratory
Standards [25] and Cappuccino and Sherman [26].
zone diameter interpretative standards are pre-
sented in Table 2.

Ethical approval

Ethical permission was not required because the
stool samples were collected from the individual
pan used by the patients; however, before collect-
ing the samples, verbal permission was taken from
each patient.

Results
Results of isolation and identification

The culture of the organism produced small colo-
nies on nutrient agar. The characteristics of these
colonies included white, discrete, opaque, circular,
and translucent in appearance (Fig. 2A). The organ-
ism also produced small to moderate sized (1-3
mm) and appeared as or slightly pink, dew colorless
water drop-like colonies on MAC agar (Fig. 2B). The
culture of the organism produced small colonies on
blood agar with a zone of beta-hemolysis surrounds

https://wisdomgale.com/ejmid/

Figure 2. Cultural colonies of Vibrio spp. on different
culture media. (A) Small colonies on nutrient agar, (B)
water drop like colonies on MAC (C). hemolytic colonies
(B-hemolysis) on Blood agar, and (D) yellow color
colonies on TCBS ..agar

colonies (Fig. 2C). After 24 hours, at a temperature
of 37°C. Hemolytic colonies had clear zones around
them where red blood cells had been lysed. On TCBS
agar culture organism produced large (2-4 mm) in
diameter, slightly flattened yellow colonies with
opaque center and translucent peripheries.

The media was green when prepared and turned
yellow because of sucrose fermentation after
24 hours (Fig. 2D). The isolated organisms were

123


https://wisdomgale.com/ejmid/

Meheronnesha, Md. Salauddin, M. Nag, M. R. Akter, M. S. Rahaman, J. Ferdous, et al.

characterized by morphological characterization
using Gram’s staining techniques. It was revealed
that all of the isolates were Gram’s negative pink
color, comma, or short red arranged in single or
pairs. The isolated organisms were also character-
ized by a series of biochemical tests like; oxidase cat-
alase, MIU, MR-VP, Indole, TSI, and Simmons citrate
test utilization tests, in which all isolates were
positive for Vibrio spp. In biochemical reactions it
was observed (Table 3) that all isolated organisms
were positive for oxidase (color changes), catalase
(presence of bubble), MR (bright red), TSI (glucose,
sucrose, and lactose fermented with acid and gas
H,S), citrate utilization (turned deep green to blue
color), MIU (presence of turbidity), Indole (red ring
is present), and negative for VP (no color change).

Prevalence of Vibrio spp.

Age categories screened a total of 36 diarrheal
stool samples. The patients were categorized as
child (0-12 years), adolescence (13-18 years),
adult (19-59 years), and senior adult (60s above),
in which the overall prevalence of Vibrio spp. was
detected as 54.29% (Table 4). The prevalence

varied according to age group. It was revealed that
the highest prevalence observed in child (18.18%)
and adult (16.67%) than adolescents (0%), and
senior adult (16.67%), respectively.

Molecular identification

Genomic DNA was extracted from suspected sam-
ples (diarrhoeal stools) of Vibrio species. PCR
identification was performed on cultures to before
genomic DNA extraction using whole cells and
genomic DNA extracted by primer pair 63f and
763r for 16S rRNA gene. Among 36 samples 6 sam-
ples were suspected as Vibrio spp. by cultural, mor-
phological, and biochemical study but only six sam-
ples were confirmed as Vibrio spp. after PCR and
gel-electrophoresis. The expected 712 bp fragment
of a single compact band were visualized under UV
light and documented by gel documented system
(Macrogen) (Fig. 3).

Result of antibiogram study

Out of 36 samples (fresh diarrhoeal stool) 6
(16.67%) were confirmed as positive for Vibrio spp.
Antibiotic sensitivity test of the 6 isolated Vibrio

Table 3. Result of different biochemical tests of study isolates.

Test performed Reaction pattern/observation Result Remarks
MR test Bright red +ve
VP test No color change -ve
Indole test Red ring is present +ve
Catalase test Presence of bubble +ve
Oxidase test Changes in color +ve
Vibrio spp.
MIU test Presence of turbidity +ve
Simmons citrate test Turned deep green to blue color +ve
TSI Test Slant Yellow and red +ve
Butt Black and red +ve
H.S Presence +ve

Legends: Methyle Red = MR test, Voges-proskauer = VP test, Indole test, Catalase test, Oxidase test,
Motility Indole Urea = MIU test, Simmons citrate test, and Triple Sugar Iron = TSI Test

Table 4. Prevalence of Vibrio spp. in the study area.

Age categories (year) Total number No. of Prevalence Overall
of sample positive (%) prevalence (%)
tested isolation
Child (0-12) 22 4 18.18
Adolescence (13-18) 1 0 0
Adult (19-59) 6 1 16.67 16.67
Senior Adult (> 60s) 7 1 16.67
Total 36 6 51.52
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Figure 3. Vibrio spp. showing 712 bp in 1.5% agarose gel. M=100 bp
DNA ladder (Promega Corporation, Madison, WI). Representative
sample lane (1, 2) showing positive result for Vibrio spp.

Table 5. Name of antibiotics with disc concentration (pg) and measurement of their zone of inhibition(mm) by disc

diffusion method.

sl. AZM GEN E s TE cot P MEL (25 N AMX

No.  (15pg) (10 pg) (15 pg) (10 pg) (30 pg) (25 pg) (10 pg) Hg) (30 pg) (30 pg)
s I s R S I s R S s R S R S R S R S R

A 16 17 21

B 15 17 20

C 20 R R

D 30 22 R

Legends: AZM = Azithromycin, GEN = Gentamicin, E = Erythromycin, S = Streptomycin, TE = Tetracycline and COT = Cotrimoxazole,
P = Penicillin, MEL= Mecillinam, N = Neomycin, AMX= Amoxicillin. S= susceptible, | = Intermediately resistant, R = resistant, SI. No. =

Serial number of agar plate.

spp- were performed against nine commonly used
antibiotic disc belonging to different groups. The
result of antimicrobial sensitivity testing of Vibrio
spp. by disc diffusion method with 10 chosen anti-
microbial agents are presented in Table 5. All the
isolates were sensitive to cotrimoxazole (25 pg) 21
to 30 mm, neomycin (30 pg) 22 mm, gentamicin (10
pg) 15 mm, streptomycin (10 pg) 20 mm, and tetra-
cycline (30 pg) 17 mm. Resistant to penicillin (10
pg), mecillinam (25 pg), and amoxicillin (30 pg).
Azithromycin (15 pg) 16 mm, and erythromycin (15
pg) 17mm are intermediately resistant (Fig. 4).

Discussion

Bangladesh is extremely overpopulated, with many
people living in poor hygienic conditions in both

https://wisdomgale.com/ejmid/

rural and urban areas. Diarrheal disease, linked
to these unsanitary conditions, is a major cause of
death among children under five [27]. The collected
samples were subjected to morphological, cultural,
biochemical, and antibiogram studies. In addition,
the identified isolates underwent molecular char-
acterization using PCR and gel electrophoresis
techniques. In this study, the prevalence of Vibrio
spp- was observed based on the age of patients.
The overall prevalence of Vibrio spp. was 16.67%
by age of the patient. The prevalence was higher in
children (18.18%) compared to adolescents (0%),
adults (16.67%), and senior adults (16.67%), which
is supported by the earlier observations of Keske et
al. [28]. Our present study isolated the bacterium
from diarrheal stool on nutrient agar, MAC, blood
agar, and TCBS agar. We observed white, opaque,
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Figure 4. Result of antimicrobial sensitivity test on
Nutrient agar (A) and (B) and Mueller- Hinton agar (C)
and (D) plates of different antibiotic discs.

and translucent colonies on nutrient agar; pale,
non-lactose fermenting, flat colonies on MAC; hemo-
lytic colonies on blood agar; and flattened, shiny,
yellow colonies on TCBS agar, similar to the find-
ings of Uddin [29] and Choopun et al. [30]. Cholera
is a significant concern for Bangladesh, especially
due to the multidrug-resistant (MDR) Vibrio spp.,
which has received increasing worldwide attention.
Antibiotic resistance is a major global public health
concern [31,32]. To combat any bacterial disease, it
is crucial to know the sensitivity and resistance pro-
file of the bacteria to recommend effective antibi-
otics. Our isolated Vibrio spp. were subjected to an
antibiogram study using ten commonly used antibi-
otic discs from different groups. The antibiotic sen-
sitivity data showed the highest levels of sensitiv-
ity to cotrimoxazole (21 to 30 mm), neomycin (22
mm), gentamicin (15 mm), streptomycin (20 mm),
and tetracycline (17 mm). Okoh and Igbinosa [33]
revealed that Vibrio spp. was resistant to cotrimox-
azole, streptomycin, and gentamicin. Agboola et al.
(2023) [34] also observed the resistance pattern
of tetracycline, erythromycin, and cotrimoxazole
against Vibrio spp. The isolated Vibrio spp. were
completely resistant to penicillin (10 pg), mecilli-
nam (25 pg), and amoxicillin (30 pg). Azithromycin
(15 pg, 16 mm) and erythromycin (15 pg, 17 mm)
showed intermediate resistance. These findings are
supported by Dutta et al. [16] and Gxalo et al. [35].
The conscious use of antibiotics is essential to tackle
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antibiotic resistance. Several factors contribute to
the increase in bacterial resistance, including over-
use, non-prescribed medications, and incomplete
dosages [36]. The primary reason for the growing
resistance is the easy availability and widespread
use of antibiotics, especially in preventive treat-
ments, which leads to resistance mainly through
selective pressure [37]. V. cholerae remains a sig-
nificant pathogen due to its increasing resistance
to various antibiotics [8]. Studies have shown that
the spread of antibiotic-resistant V. cholerae, partic-
ularly the 0139 strain, is linked to mutations and
the mobilization of drug-resistant genetic elements
[8,38]. In our research, tetracycline was found to
be effective against Vibrio spp., although Mandal
et al. [15] observed resistance with a minimum
inhibitory concentration (MIC) of less than 1 pg/ml.
A major limitation of our work is that we did not
determine the MIC of the tested antibiotics. Further
studies are needed to detect and characterize anti-
biotic-resistant genes in these Vibrio spp.

Conclusion

This research isolated and identified Vibrio spp.
from diarrheal stool samples collected from three
hospitals in Dinajpur. Using cultural, morphologi-
cal, and biochemical methods, 6 out of 36 samples
(16.67%) tested positive for Vibrio spp., confirmed
by PCR with 16S rRNA primers. Antibiotic sensitiv-
ity testing revealed that all isolates were resistant to
penicillin, mecillinam, and amoxicillin, while most
were sensitive to sensitive to cotrimoxazole, strep-
tomycin, neomycin gentamicin, and tetracycline. The
current study highlights the Prevalence of V. cholerae
in northern Bangladesh. Due to its availability and
effectiveness, it establishes reliable identification
techniques, recommending streptomycin and cotri-
moxazole as primary treatment options.
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