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ABSTRACT 
 

Aims: This study aims to characterize of toxigenic Vibrio cholerae strains for improved cholera 
surveillance in Benin.  
Methodology: 304 diarrheal stool samples were collected from people with watery diarrhea of 
unknown etiology and vomiting during epidemics from 2016 to 2018 in Benin. Toxigenic Vibrio 
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cholerae strains were isolated and then biochemical tests, serogrouping and serotyping were 
performed. Antibiotic susceptibility tests were performed using the disc diffusion method and E-
tests. Multiplex and real-time PCR were used to identify and detect virulence genes (CtxA, OmpW 
and TcpA).  
Results: The results showed a 21.71% prevalence of toxigenic Vibrio cholera in Benin. All strains 
were Vibrio cholerae O1 serotype Inaba (100%) and showed a high sensitivity to doxycycline (96.97 
%), chloramphenicol (95.45 %) and ciprofloxacin (90.91 %). However, antibiotic resistance was 
observed, especially for erythromycin (74.24 %), Trimethoprim-sulfamethoxazole (71.21 %) and 
ampicillin (43.94 %). The CtxA and TcpA virulence genes were respectively detected in 100% and 
96.97% of the toxigenic strains of V. cholerae isolated. While the OmpW gene was identified on all 
the toxigenic strains of Vibrio cholerae isolated.  
Conclusion: Vibrio cholerae strains isolated from patients suspected of cholera were highly virulent 
and resistant to antimicrobials. 

 
 
Keywords: Toxigenic Vibrio cholerae O1; Inaba serotype; Resistance profile; Virulence genes, Benin. 
 

1. INTRODUCTION 
 
Cholera is an epidemic diarrheal disease. It 
rages throughout the world with waves of 
endemic diseases in sub-Saharan Africa or Asia 
in the form of vast epidemics such as the one 
that reached Haiti at the end of October 2010 or 
Yemen in 2017, illustrating the very current threat 
that this scourge poses to public health [1]. 
Cholera is a key indicator of the lack of social 
development [2]. Previously, the global burden of 
cholera was estimated at 2.8 million cases per 
year, with 91,000 deaths [3]. In 2017, 1,227,391 
cases including 5,654 deaths were reported by 
WHO [4]. However, WHO estimates that the 
actual figures are higher, due to under-reporting 
and other deficiencies in the surveillance 
systems. The gap between the reported figures 
and the estimated burden of the disease could 
be attributed, among others, to weak surveillance 
and laboratory systems. In addition, the two most 
affected continents are Africa and Asia with 94% 
of total cases, with 98% of deaths reported in 
Africa [5]. In Africa, 55,000 cases of cholera with 
1,190 deaths were reported in the Democratic 
Republic of Congo, representing a 2.1% case-
fatality rate [6]. In Benin, between 2004 and 
2013, the country's epidemiological surveillance 
reported 5432 cases with 48 deaths, that is, a 
case-fatality rate of 0.9% [7].  
 

Vibrio cholerae is the causative agent of cholera. 
It is a highly mobile Gram-negative bacterium 
with modest nutritional needs, of which humans 
and in some cases the environment is the 
reservoir [8,9]. This bacterium has more than 200 
serogroups. Only serogroups O1 and O139 
cause epidemics [10]. Contamination occurs 
through ingestion of food or water contaminated 
with bacteria. The development of cholera often 

begins with stomach cramps, vomiting and 
diarrhea, and if left untreated it can progress to 
fluid loss. Water loss caused by cholera can be 
as much as one liter per hour, leading to severe 
dehydration, metabolic acidosis and therefore 
shock and possibly death [11]. Cholera treatment 
relies mainly on oral or intravenous rehydration 
to compensate for digestive losses of water and 
electrolytes. In severe cases, antibiotic therapy is 
indicated to reduce the duration and severity of 
the disease, as well as subsequent transmission 
to others [12]. However, antibiotic-resistant 
strains are increasingly being found [13].  Smith 
et al. [14] conducted a study on the 
characterization of Vibrio cholerae O1 strains 
from Ivory Coast, Democratic Republic of Congo, 
Guinea-Bissau, Mozambique and Namibia. All 
isolates were of Ogawa serotype. Widespread 
resistance to nalidixic acid, chloramphenicol and 
cotrimoxazole was observed in all isolates from 
the five countries [14]. In addition, resistance to 
trimethoprim-sulfamethoxazole, ampicillin and 
nalidixic acid was documented by Eibach et al. 
[15] in Ghana.  
 
The bacteriological diagnosis of cholera is 
relatively easy due to the abundance of Vibrio 
cholerae in the stools. It relies mainly on the 
isolation and identification of the bacteria. The 
isolation of Vibrio cholerae strains is not        
sufficient to confirm the presence of cholera. It is 
therefore necessary to determine its serogroup. 
For a better knowledge of the pathogenic                 
agent, further investigations are needed in order 
to evaluate the pathogenicity of Vibrio                 
cholerae strains by looking for virulence genes. 
But in Benin, due to the lack of appropriate 
resources in routine laboratories, the diagnosis of 
cholera is limited to conventional methods of 
bacterial isolation without any molecular 
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investigations. The molecular characteristics of 
Vibrio cholerae in Benin are not known. The 
present study is therefore a contribution to a 
better knowledge of the positivity rate of the 
disease but also of the antibiotic                          
resistance profile and the characteristics of                   
the Vibrio cholerae strains circulating in                 
Benin. 
 

2. MATERIALS AND METHODS 
 
2.1 Sample Collection  
 
Sampling was carried out each year (2016 to 
2018) during the epidemic period of cholera in 
Benin. Sampling was exhaustive and Samples 
were from patients with suspected cholera. 
These are fecal samples, which were collected in 
stool containers for stool culture at the sampling 
sites of health facilities. The patient's name, 
department, site, date and time of collection have 
been recorded on the patient information sheet. 
The samples were sent within 24                             
hours to the national public health laboratory in 
Cotonou for the various bacteriological                
analyzes. 
 

2.2 Bacteriological Analyses of Samples 
 
Enrichment of each stool sample was performed 
in 4mL of 3% alkaline peptone water. After 6 
hours incubation at 37°C, the enrichment broth 
was inoculated at the same time on TCBS Agar 
plates, Columbia supplemented with 5% sheep 
blood and Mueller Hinton agar. The inoculated 
media were then incubated at 37°C for 24 hours 
[13,16]. 
 
Four characteristic colonies of Vibrio                    
cholerae were randomly selected on Mueller 
Hinton agar for these different tests. These 
colonies were tested for catalase and 
cytochrome oxidase. The API 20E gallery system 
was then used to confirm the identity of the 
strains. Serogroups and serotypes of Vibrio 
cholerae strains were respectively determined by 
the agglutination method from young colonies 
obtained on Columbia blood agar. For 
serogrouping, either polyvalent Vibrio cholerae 
O1 antiserum or Vibrio cholerae O139 Bengal 
antiserum was used according to the 
manufacturer's instructions. Vibrio cholerae O1 
antiserum Inaba or Vibrio cholerae O1                
antiserum Ogawa was used for serotyping 
[13,16]. 

2.3 Confirmation of Vibrio cholerae 
Strains by MALDI-TOF Mass 
Spectrometry  

 
With the help of a tip, a portion of the colony 
cultured first on blood Columbia medium was 
collected and deposited on the Maldi plate. An 
extended direct deposit was performed by adding 
1µl of 70% formic acid to the sample on a MALDI 
target plate (MSP 96 BC ground steel target; 
Bruker Daltonics, Germany). Then, 1µl of 
saturated cyano-4-hydroxycinnamic acid solution 
was added. Mass spectra acquisition was done 
using a Microflex Flex Control V3.4 system 
(Bruker Daltonics, Germany). A Bruker Bacterial 
Test Standard (BTS255343; Bruker Daltonics, 
Germany) was used for instrument calibration. 
The acquisition was done at 24h post culture. 
Each microorganism tested was spotted twice on 
the same target slide. Measurement was 
performed with MALDI Flex control V3.4 (Bruker 
Daltonics, Germany) following the settings 
suggested by the manufacturer using automated 
collecting spectra. The spectra of each 
duplicated spot were compared with those in the 
reference library (BD 8326 or version V 9.0) and 
analyzed with MALDI Biotyper software (Bruker 
Daltonics, Germany), with log scores ranging 
from 0 (no similarity) to 3 (perfect match).                 
The mass spectra-based identification was 
considered reliable only if at least one out                    
of the two spots resulted in log scores of ≥ 2  
[17].  
 
2.4 Evaluation of Resistance of Vibrio 

cholerae Strains to Conventional 
Antibiotics 

 
The antibiogram was performed according to 
CLSI criteria and procedures [18]. Antibiotics 
from different families were tested with disks 
following the Kirby–Bauer method, namely 
Ciprofloxacin (5 µg), Trimethoprim-
sulfamethoxazole (25 µg), Doxycyclin (30 µg), 
Chloramphenicol (30 µg), Erythromycin (15 µg), 
Ampicillin (10 µg). A reference strain of Vibrio 
cholerae (NCTC 8021) was used for quality 
assurance of the test. Inhibition zone diameter 
values were measured and interpreted according 
to the recommendations [19]. 
 

E-tests were also used to determine the 
minimum inhibitory concentration (MIC) in agar 
medium [20]. Antibiotics from different families 
were tested.  
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2.5 DNA Extraction 
  
The DNA of Vibrio cholerae O1 isolates was 
extracted using the Maxwell® 16 (Promega, ref: 
As 1020, USA) device and the Promega kit. The 
extraction was done following manufacturer’s 
instructions. Positive and negative controls were 
treated under the same conditions than samples. 
The extracted DNA was used for PCR 
amplification.   
              

2.6 Multiplex PCR for the Detection of 
CtxA, OmpW and TcpA   

 
The reaction medium was a total volume of 50 
µL containing 0.4µL deoxyribonucleotides 
(Promega Corporation, Wisconsin, United 
States), 0.25µL Taq Polymerase (Applied 
Biosystems, California, United States), 7µL 
MgCl2 (Applied Biosystems, California, United 
States), 0.5µL Forward (F) Primers, 0.5µL 
Reverse (R) Primers (IDT Belgium), 24.35µL 
water and 10µL bacterial DNA. A positive control 
expressing all the desired genes and a negative 
control (water) were used. Multiplex PCRs were 
performed by combining the primers for all three 
genes in the same PCR mixture. The 
thermocycling conditions consisted of an initial 
denaturation at 94 ◦C for 4 min followed by 35 
cycles of 1 min denaturation at 94 ◦C, 1 min 
annealing at 50 ◦C and 1 min extension at 72 ◦C. 
A final extension was performed at 72 ◦C for 5 
min [21]. The PCR products were then treated by 
electrophoresis on a 2% agarose gel. A 
molecular weight marker was used and the DNA 
fragments were revealed under an ultraviolet 
trans-illuminator. The gel was then photographed 

by a Biodoc it imaging system, (Biorad, USA). 
Table 1. shows the sequences of the primers 
used to amplify the three described genes. 
 

2.7 Real Time PCR for the Detection of 
CtxA Gene 

 
5 μl of extracted sample DNA was added to a 20 
μl master mix. 0.25 μM of each primer 
(Eurogentec, Belgium), 0.1µm of CtxA probe, 
(Eurogentec Bnelgium), 2.5 µl of an internal 
positive control detection set of probes and 
primers (Diacontrol DNA DICD-CY-L100, 
Diagenode, Belgium) and 5 µl of 2× PCR LC 480 
probes master mix (Roche, Switzerland). A Light 
Cycler 480 II (Roche, Switzerland) was used for 
amplification using an initial denaturation and 
polymerase activation step at 94 ° C for 2 min, 
followed by 45 cycles of denaturation at 94 ° C 
for 10 s, and a combined annealing and 
extension step at 63 ° C for 30 s [23]. Data 
analysis was done using the LC480 software 
(version 1.5.1.62 SP2). Primers and probes  
used here were described by Blackstone et al. 
[24].  
 

3. RESULTS 
 
3.1 Distribution of Samples According to 

their Origin 
 
As part of this study, we received samples only in 
9 departments out of the 12 in Benin. The Littoral 
department is mainly represented (38.2%), 
followed by Ouémé (23.4%) and Atlantic (19.7%) 
(Fi. 1). 

 

 
 

Fig. 1. Distribution of samples according to their origin 



3.2 Appearance of Stool Samples
 

Of the 304 stool samples collected, more than 
half (70.4%) looked like rice water. Besides the 
appearance of rice water, three other different 
aspects were noted: greenish liquid (13.8%), 
yellowish liquid (8.6%) and brownish liquid 
(7.2%) (Fig. 2). 
 

3.3 Result of Bacteriological Diagnosis
 

Of the 304 stool samples analyzed, 66 were 
positive for culture and identification of 
cholerae. That is to say a prevalence of positivity 
of 21.71%. 
 

Table 1. Sequence of primers used to search for virulence genes [22]

Primers    Sequences
CtxA F GGTCTTATGCCAGAGGACAG

R GTTGGGTGCAGTGGCTATAAC
TcpA F ATTCTTGGTGATCTCATGATAAGG

R TTAATTCACCACAAATATCTGCC
OmpW F GAACTTATAACCACCCGCG

R CACCAAGAAGGTGACTTTATTGTG
 

Fig. 2. Distribution of samples according to their appearance

Fig. 3. Distribution of patients infected with 

70.4
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Stool Samples  

Of the 304 stool samples collected, more than 
half (70.4%) looked like rice water. Besides the 
appearance of rice water, three other different 
aspects were noted: greenish liquid (13.8%), 
yellowish liquid (8.6%) and brownish liquid 

Result of Bacteriological Diagnosis 

Of the 304 stool samples analyzed, 66 were 
positive for culture and identification of Vibrio 

. That is to say a prevalence of positivity 

3.3.1 Distribution of patients infected with 
cholerae by age group and sex

 
Patients primarily affected by cholera were aged 
20-29 (30.30%), followed by patients aged 10
(24.20%), patients aged 30
49 years (12.10%) and 0 to 9 years (9.10%). As 
for patients aged 50 to 59 (7.60%), they we
less affected by the disease (Figure 3). But this 
difference in proportion between the different age 
groups of infected patients is not statistically 
significant (p = 0.05). The majority (58%) of 
infected patients were female with a sex ratio of 
175/129. 

Table 1. Sequence of primers used to search for virulence genes [22]
 

Sequences 
GGTCTTATGCCAGAGGACAG 
GTTGGGTGCAGTGGCTATAAC 
ATTCTTGGTGATCTCATGATAAGG 
TTAATTCACCACAAATATCTGCC 
GAACTTATAACCACCCGCG 
CACCAAGAAGGTGACTTTATTGTG 

 

2. Distribution of samples according to their appearance
 

 
 

3. Distribution of patients infected with V. cholerae by age group

70.4

13.8

7.2

8.6

Rice water

Greenish liquid

Brownish liquid

Yellowish liquid
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3.3.1 Distribution of patients infected with V. 
by age group and sex 

Patients primarily affected by cholera were aged 
29 (30.30%), followed by patients aged 10-19 

(24.20%), patients aged 30-39 (16.70%), 40 to 
49 years (12.10%) and 0 to 9 years (9.10%). As 
for patients aged 50 to 59 (7.60%), they were 
less affected by the disease (Figure 3). But this 
difference in proportion between the different age 
groups of infected patients is not statistically 
significant (p = 0.05). The majority (58%) of 
infected patients were female with a sex ratio of 

Table 1. Sequence of primers used to search for virulence genes [22] 

Amplicon size 
219pb 

297pb 

588pb 

 

2. Distribution of samples according to their appearance 

by age group 

Greenish liquid

Brownish liquid

Yellowish liquid
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3.3.2 Distribution of patients infected with V. 
cholera according to clinical signs 

 

In patients with cholera, diarrhea and vomiting 
were the most common clinical signs observed in 
100% and 59.1%, respectively (Fig. 4). However, 
it should be noted that this difference in 
proportion is not statistically significant (p ˃ 
0.05). 
 

3.3.3 Serogrouping and serotyping of V. 
cholerae strains 

 

Serogrouping and serotyping of the 66 strains of 
V. cholerae obtained showed that all the strains 
were serogroup 01 and serotype (Table 2). 
 

3.3.4 Resistance of toxigenic Vibrio cholerae 
strains to the antibiotics used  

 

The 66 strains of Vibrio cholerae isolated                  
were highly resistant to erythromycin (74.24%; n 

= 49), to trimetroprim-sulfametoxazole (71.21%; 
n = 47) and to ampicillin (43.94%;                                   
n= 29). However, they were mainly sensitive to 
doxycycline (96.97%; n = 64), chloramphenicol 
(95.45%; n = 63) and ciprofloxacin (90.91%;                   
n = 60) (Fig. 5). Through these resistances, 16 
antibiotic resistance profiles were identified         
within the 66 strains of Vibrio cholerae                  
isolated. The most represented resistance            
profile was: sensitivity to doxycycline-resistance 
to ampicillin-resistance to erythromycin-
sensitivity to ciprofloxacin-sensitivity to 
chloramphenicol-resistance to trimethoprim-
sulfamethoxazole with 22.73% (15/66),                   
followed by: sensitivity to doxycycline-sensitivity 
to ampicillin-resistance to erythromycin-
sensitivity to ciprofloxacin-sensitivity to 
chloramphenicol-resistance to trimethoprim-
sulfamethoxazole with 21.21% (14/66)                
(Table 3). 

 

 
 

Fig. 4. Distribution of patients infected with V. cholera according to clinical signs 
 

Table 2. Serogrouping and serotyping results 
 

Serogroups Serotypes Number Percentage (%) 
O1 Inaba 66 100.0 

Ogawa 0 0.0 
Hikojima 0 0.0 

O139 - 0 0.0 
Total 66 100.0 
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Fig. 5. Percentage of resistance of toxigenic strains of Vibrio cholerae to the antibiotics used 

 
Table 3. Resistance profile of toxigenic Vibrio cholerae strains isolated 

 
Profil Phenotypes Number 
Profile 1 DS AMS ES CIPS CS SXTS 01 
Profile 2 D

S
 AM

S
 E

R
 CIP

S
 C

S
 SXT

S
 08 

Profile 3 D
S
 AM

S
 E

S
 CIPR C

S
 SXT

S
 01 

Profile 4 DS AMS ES CIPS CS SXTR 09 
Profile 5 D

S
 AM

S
 E

R
 CIP

S
 C

S
 SXT

R
 14 

Profile 6 DS AMS ES CIPR CS SXTR 01 
Profile 7 D

S
 AM

S
 E

R
 CIP

R
 C

S
 SXT

R
 02 

Profile 8 DS AMR ES CIPS CS SXTS 02 
Profile 9 DS AMR ER CIPS CS SXTS 05 
Profile 10 D

S
 AM

R
 E

R
 CIP

R
 C

S
 SXT

S
 01 

Profile 11 DS AMR ER CIPS CR SXTS 01 
Profile 12 D

S
 AM

R
 E

S
 CIP

S
 C

S
 SXT

R
 03 

Profile 13 DS AMR ER CIPS CS SXTR 15 
Profile 14 D

S
 AM

R
 E

R
 CIP

R
 C

S
 SXT

R
 01 

Profile 15 D
R
 AM

S
 E

R
 CIP

S
 C

R
 SXT

R
 01 

Profile 16 DR AMR ER CIPS CR SXTR 01 
Total 66 

D: Doxycyclin; AM: Ampicillin; E: Erythromycin; CIP: Ciprofloxacin; C: Chloramphenicol; SXT: Trimethoprim-
sulfamethoxazole; S: Sensitive; R: Resistant 

 

3.4 Detection of Virulence Genes 
 
A multiplex PCR was carried out, targeting first 
the ubiquitous OmpW present in the strains of 
toxigenic V. cholerae, but also targeting the 
regions of two genes associated with the 
virulence of the genes of V. cholera, CtxA and 
TcpA. CtxA and OmpW were identified in 100% 
(66/66) of the strains of toxigenic Vibrio cholerae 
isolated, while the TcpA gene was identified in 

96.97% (64/66) of the strains of toxigenic Vibrio 
cholerae (Table 4). 
 
It should be noted that the detection of the CtxA 
gene was additionally performed by real-time 
PCR. The CtxA gene was identified in 100% 
(66/66) of Vibrio cholerae strains. The results of 
electrophoretic migration on agarose gel are 
shown for some samples in the figure below  
(Fig. 6). 



Table 4. Percentage of detection of virulence genes in the genome of toxigenic strains of 

Genes 

CtxA 
TcpA 
OmpW 

 

 
Fig. 6. Photograph of 2% agarose

W: Weight marker 

        

4. DISCUSSION 
 
Cholera is a major public health problem in 
Africa, particularly in Benin. The present study 
was carried out on 304 diarrheal stool samples 
taken from patients who were suspected of 
having cholera after clinical examination. 
 
More than half (70.4%) of the stool samples were 
liquid and had a rice water appearance. These 
observations raise the suspicion of cholera. 
According to the WHO, the rice water 
appearance of diarrheal stool samples is 
characteristic of the severe form of c
However, macroscopic examination is not 
sufficient to affirm the presence of 
cholerae in the stool sample [4]. Identification of 
Vibrio cholerae in diarrheal stool samples is, 
therefore, essential to confirm cholera [5]. 
 
The present study showed that 21.71% (66/304) 
of stool samples were positive for 
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Percentage of detection of virulence genes in the genome of toxigenic strains of 
cholerae isolated 

 
Results 
Positive Negative 
66 (100%) 0 
64 (96.97%) 2 (3.03%) 
66 (100%) 0 

6. Photograph of 2% agarose gel after electrophoresis of amplification products
W: Weight marker PC: Positive Control   NC: Negative Control     S: Samples

Cholera is a major public health problem in 
Africa, particularly in Benin. The present study 
was carried out on 304 diarrheal stool samples 
taken from patients who were suspected of 
having cholera after clinical examination.  

More than half (70.4%) of the stool samples were 
liquid and had a rice water appearance. These 
observations raise the suspicion of cholera. 
According to the WHO, the rice water 
appearance of diarrheal stool samples is 
characteristic of the severe form of cholera [24]. 
However, macroscopic examination is not 
sufficient to affirm the presence of Vibrio 

in the stool sample [4]. Identification of 
in diarrheal stool samples is, 

therefore, essential to confirm cholera [5].  

tudy showed that 21.71% (66/304) 
of stool samples were positive for Vibrio cholera 

in analyzed geographic areas of Benin. This 
prevalence confirms the public health problem of 
cholera in Benin. The relatively high positivity 
rate obtained is believed to be
population density in vulnerable areas which is 
associated with poor quality informal housing and 
insalubrity. These poor hygiene practices lead to 
the contamination of drinking water or food 
sources, then favoring the transmission of 
disease [25]. While in Africa, Sauvageot 
[26] reported a prevalence of 19% close to ours, 
in Togo, Ivory Coast, Uganda and Mozambique. 
The same authors reported higher rates (34%) 
and (47%) respectively observed in Conakry 
Guinea and in Goma in the Democratic Republic 
of Congo [26]. These data reinforce the alarming 
epidemiological situation of cholera in Africa. 
 
Serological characterization revealed that all 
isolates (100%) belonged to the O1 serogroup 
Inaba serotype. Similar results were also
obtained in other parts of Africa. Indeed, in 
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gel after electrophoresis of amplification products 
: Negative Control     S: Samples 

in analyzed geographic areas of Benin. This 
prevalence confirms the public health problem of 
cholera in Benin. The relatively high positivity 
rate obtained is believed to be related to the high 
population density in vulnerable areas which is 
associated with poor quality informal housing and 
insalubrity. These poor hygiene practices lead to 
the contamination of drinking water or food 
sources, then favoring the transmission of the 
disease [25]. While in Africa, Sauvageot et al. 
[26] reported a prevalence of 19% close to ours, 
in Togo, Ivory Coast, Uganda and Mozambique. 
The same authors reported higher rates (34%) 
and (47%) respectively observed in Conakry 

the Democratic Republic 
of Congo [26]. These data reinforce the alarming 
epidemiological situation of cholera in Africa.  

Serological characterization revealed that all 
isolates (100%) belonged to the O1 serogroup 
Inaba serotype. Similar results were also 
obtained in other parts of Africa. Indeed, in 



 
 
 
 

Akpo et al.; MRJI, 31(6): 1-13, 2021; Article no.MRJI.72136 
 
 

 
9 
 

Kenya between 2007 and 2010, in a study of 
Vibrio cholerae O1 strains isolated, it was 
reported that the Inaba serotype was dominant 
(88.2%) compared to the Ogawa serotype 
(11.8%) [27]. Contrary to our results, recent 
works carried out in West Africa had shown that 
Vibrio cholerae O1 isolates consisted of both 
Inaba and Ogawa serotypes. In the study of 
Eibach et al. [15], conducted in Ghana, Vibrio 
cholerae O1 serotype Ogawa was predominant 
(95.7%) while Musa et al. [28] in Nigeria and 
Abana et al. [29] in Ghana had isolated only 
Vibrio cholerae O1 Ogawa from stool samples. 
These results suggest a change in the presence 
of Ogawa and Inaba serotypes following the 
geographical area [30,31]. 
 
Patients in the 20-30 age group were mostly 
affected (30.3%) by cholera. This result 
corroborates those of Makoutodé et al. [32] in 
Benin and Kyelem et al. [33] in Burkina-Faso 
who found that patients in the 15-29 age groups 
were the most affected by cholera in the 
proportions of 46% and 51.1% respectively. This 
age group of the population would be more 
mobile and active and therefore more exposed to 
the infection. 
 
The majority (58%) of patients infected with 
cholera were female. This result is also in line 
with the data from the 2008 epidemic in Benin 
during which the sex ratio was 0.8 male to one 
female. Furthermore, this result is comparable to 
that of Cissé [34] who found that 55% of women 
were affected during the cholera epidemic in the 
cercle de Nara (Koulikoro region) in Mali. This 
feminine predominance would be linked to the 
fact that women are the primary actors in the 
healthiness, that is, care of children’s body, care 
of the sick, maintenance of toilets and handling 
of soiled food, which could make easy their 
contamination. On the other hand, according to 
the work of Kyelem et al. [33] in Burkina-Faso 
and Touré [35] in Mali, male patients were more 
affected with the respective frequencies of 
55.04% and 57%.  
 
In addition, diarrhea (100%) and vomiting 
(59.1%) were the most common clinical signs 
among infected patients. Ndour et al. [36] in 
Senegal made the same observations: diarrhea 
(95%) and vomiting (78%). These findings 
confirm the reliability of such symptomatology in 
the manifestation of cholera.  
 
When we look at the geographical origin of 
infected patients, the Littoral and Atlantic 

departments come first in the proportions of 50% 
and 21.2% respectively. These data are in line 
with the heavy epidemiological history of the 
cities of these departments with regard to 
cholera. Indeed, Makoutodé et al. [32] reported 
that insufficient sanitation conditions and poor 
waste management in the city of Cotonou, in the 
Littoral department, have favored the 
development of cholera epidemics. The high 
rates of contamination noted in these 
departments also corroborate UNICEF data in 
Benin, which reports that the coastal 
departments of Littoral, Atlantic, Ouémé and 
Mono recorded major cholera epidemics, 
according to which between 2004 and 2013, 
nearly 60% of cholera cases were reported in 
these departments and mainly in Littoral and 
Atlantic almost every year [37]. These 
observations may be explained by the fact that 
cholera occurs mainly in areas with a 
combination of several risk factors including 
problems of sanitation and access to drinking 
water, high population density and lack of 
hygiene [38]. 
 
In combination with rehydration therapy, some 
antibiotics can help in addition by reducing the 
duration of illness, the excretion of Vibrio 
cholerae in feces and deaths by about 50% 
[8,39,40]. The knowledge of the susceptibility 
profile of the epidemic strains was therefore 
essential to recommend effective and good 
quality antibiotics for the treatment of affected 
patients. This study showed that the isolates 
were highly resistant (74.24%) to erythromycin, 
erythromycin being one of the administrated 
antibiotics in the treatment of cholera for 
pregnant women and children [41]. These results 
suggest that erythromycin should no longer be 
indicated for the treatment of cholera caused by 
the current circulating strains of Vibrio cholerae 
O1, Inaba. High levels of resistance were also 
observed (71.21%) and (43.94%) respectively to 
Trimethoprim + Sulfamethoxazole 
(Cotrimoxazole) and Ampicillin. This makes them 
unreliable for the treatment of cholera in Benin.  
 
The antibiotics tested in this study, although 
recommended by WHO [37] for the treatment of 
cholera, were not active on all strains. The high 
resistance to erythromycin could be explained by 
the increased use of this broad-spectrum 
antibiotic in human infectious therapy. Similarly, 
the high resistance of Vibrio cholerae strains to 
Trimethoprim + Sulfamethoxazole (71.21%) 
could be justified by the fact that this drug is 
commonly prescribed in human medicine to treat 
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a wide range of infections including urinary tract 
and skin infections and respiratory and 
gastrointestinal tract infections, including 
diarrhea [42]. Thus, this observed ineffectiveness 
could be related either to the emergence of 
resistant strains due to the easy access to 
antibiotics [40], or to the acquisition of resistance 
factors by these circulating strains because they 
were isolated in an environment where multidrug-
resistant enterobacteria are also prevalent. This 
phenomenon of resistance poses a major 
problem in the management of cholera related to 
these strains. It is therefore important that 
susceptibility testing is routinely performed to 
guide antibiotic therapy [41].  
 
In addition, high susceptibility to doxycyclin 
(96.97%), chloramphenicol (95.45%) and 
ciprofloxacin (90.91%) was observed. Doxycyclin 
is the first-choice antibiotic in the treatment of 
cholera for adult in Benin. However, special 
attention must be paid to the emergence of 
resistant strains for these drugs.  
 
OmpW gene which is a membrane protein, 
ubiquitously expressed in Vibrio cholerae was 
searched for by multiplex PCR. 
 
Different virulence factors have been suggested 
to be involved in the pathogenicity of Vibrio 
cholerae. Diagnosis therefore included the 
identification of known virulence factors in these 
isolates. The two major proteins involved in the 
pathogenicity of Vibrio cholerae are, on the one 
hand, the cholera toxin (CT: cholera toxin) 
encoded by the CtxA and CtxB genes and, on 
the other hand, the co-regulatory factor of the 
toxin encoded by the TcpA gene (Toxin 
coregulated pilus). The CtxA and CtxB genes are 
respectively carrier of the catalytic activity and 
responsible for binding to intestinal cells. The 
TcpA gene, as it is concerned, colonizes the 
small intestine [43]. This technique was used by 
several authors for the detection of virulence 
genes associated with Vibrio cholerae. The 
virulence of Vibrio cholerae strains is thus 
associated with two processes: colonization of 
the small intestine of patients and production of 
cholera toxin. 
 
The CtxA, TcpA and OmpW (588 genes were 
simultaneously identified in 100% (66/66), 
96.97% (64/66) and 100% (66/66) of Vibrio 
cholerae strains by multiplex PCR, respectively. 
Detection of the CtxA gene was also performed 
by real-time PCR and was identified in 100% 
(66/66) of Vibrio cholerae strains. Vibrio cholerae 

strains currently isolated are all highly 
pathogenic. The toxins produced by these strains 
are capable of inducing profuse, watery diarrhea, 
which can be fatal [27]. Strains of V. cholera that 
do not produce the toxin, were not identified in 
this study.  
 

5. CONCLUSION 
 
This study helped to establish a positivity rate of 
21.71% of Vibrio cholerae strains from 
September 2016 to December 2018 in Benin. 
The circulating strains were all Vibrio cholerae 
O1 serotype Inaba and showed a high 
susceptibility to doxycycline. However, antibiotic 
resistance was observed, especially for 
erythromycin and ampicillin. The virulence of 
isolated Vibrio cholerae strains was 
demonstrated by the detection of CtxA and TcpA 
genes. Note that the OmpW gene was detected 
in all positive strains confirming the identity of the 
strains as Vibrio cholerae. The study thus 
confirmed that the phenomenon of bacterial 
resistance to antibiotics in Benin is increasing, as 
well as the circulation of virulent strains that 
deserve to be effectively eradicated. The great 
question remains to find appropriate measures to 
reduce this relatively high prevalence and the 
problem of strains resistance. Environmental 
factors are very determining and must be taken 
into account in the implementation of strategies 
to reduce cholera-related health risks. 
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