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Abstract 2

Cholera is an acute enteric bacterial disease characterized by copious watery
diarrhea with or without vomiting, severe dehydration and death if left untreated.
The disease is caused Vibrio cholerae (V. cholerae) serogroups, O1 and 0139
strains. The transmission of the infection exclusively occurs via ingestion of fecally
contaminated water or food. To date, the world has hosted seven distinct cholera
pandemics. In the developing world, particularly in low-income countries, cholera
continues to be a significant cause of morbidity and mortality. The disease is
endemicin Asia, Africa, South Americaand the Caribbean. Detection of the presence
of V. cholerae in environmental or clinical samples early and accurately is pivotal
for appropriate treatment, control and prevention of the disease. Here, we give a
brief account of detection techniques of V. cholerae in a variety of specimen types.
Detection methods of different types such as the conventional microbiological
method, molecular techniques, enzyme-linked immunesorbent assay, dipstick
tests, agglutination test, conglutination test and immunofluorescence assay are
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available. Commercially, several immunechromatographic format rapid diagnostic
tests are available for the detection of V. cholerae in a variety of specimen types.
It is more likely that the developing world will host series of cholera outbreaks in
the years to come. Therefore, endemic countries should improve surveillance of
V. cholerae, educate the public about the disease, provide clean drinking water
and equip local health centers with diagnostic techniques of lower cost, less time-
consuming, easy to use and interpret.
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Introduction

Cholera is an acute enteric bacterial disease characterized
by copious watery diarrhea with or without vomiting, severe
dehydration and death if left untreated. The disease is caused
by infection of the intestine of the host with the gram-negative
bacteria Vibrio cholerae (V. cholerae); strains belonging to O1 and
0139 sero groups. The bacteria colonize the intestine, proliferate
and produce potent cholera toxin (CT) to cause the infection.
The transmission of the infection exclusively occurs via ingestion
of fecally contaminated water or food and, rarely, by contact
with infected individual. Several risk factors for the occurrence
of cholera are identified, including lack of clean drinking water,
poor hygiene, and high population densities [1-4].

Water bodies and human intestine are important habitats of V.
cholerae; consequently, cholera outbreaks are associated with
contaminated water supplies and food [5]. So far, the world

has witnessed seven distinct cholera pandemics [2,6]. Cholera
continues to be a significant cause of morbidity and mortality in
the developing world [7]. Many parts of the developing world
are endemic to cholera [8]. In endemic countries, 2.86 million
cholera cases and around 95,000 deaths are estimated annually
[9]. The outbreak of the disease is known to be associated with
rainy seasons and flooding in endemic areas [1].

Since V. cholerae infected individuals are highly dehydrated
due to watery diarrhea and vomiting, the treatment involves
the administration of oral rehydration solution (ORS) and rest
[3]. Despite the treatment of cholera is inexpensive and easy to
administer [3], early and accurate detection of the pathogen in
clinical specimen is of paramount importance [10]. Furthermore,
early warning of an outbreak of cholera and effective control of
the outbreak when it occurs rely heavily on accurate detection
of V. cholerae in the clinical and environmental water samples
[11,12].
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The conventional bacteriological and biochemical methods have
contributed tremendously for the detection of V. cholerae in
samples [12-14]. These traditional methods of pathogen isolation
and characterization are; nevertheless, cumbersome, time-
consuming, expensive and not feasible for field diagnosis [10,
15]. Molecular techniques such as polymerase chain reaction
(PCR) [5,16] and real-time PCR [12,17] are also available for the
detection of toxigenic and other virulence genes of the causative
agent in in clinical and environmental samples. Several rapid
immunoassays, including immunechromatographic assay [18,
19], dot enzyme-linked immunesorbent assay (ELISA) [20,21],
sandwich ELISA [22], immunofluorescence assay [23,24] and
coagglutination test [25,26] have been developed and used to
detect toxigenic strains of V. cholerae in a variety of specimen
types. Furthermore, commercial diagnostic tests are available for
the detection of V. cholerae in clinical and environmental water
samples. Most of these test kits are immunechromatographic
format [27]. Here, we brief summarize detection methods of V.
cholerae in clinical and environmental samples.

Cholera and Vibrio cholerae

Cholera is a water-borne acute diarrheal infection. The disease
is characterized by profuse watery diarrhea with or without
vomiting, severe dehydration and death if left untreated. The
term “cholera” is derived from the Greek words cholé meaning
bile and cholédra meaning gutter. Both words refer to the loss
of fluids from the body in the form of diarrhea. The pathogen
responsible for this disease is toxigenic strains of Vibrio cholerae
[1, 2].

Vibrio cholerae (V. cholerae) is facultative anaerobic, curved
rods, motile, non-spore-forming and Gram-negative pathogenic
bacterium. It belongs to the genus Vibrio. Naturally, the pathogen
inhabits an aquatic environment. There are approximately
206 V. cholerae serogroups. The serogroups of V. cholerae
differ significantly in their antigenic lipopolysaccharide (LPS)
composition, with no apparent cross-reactivity between them.
Out of these 206 serogroups, only O1 and 0139 are the causative
agents of cholera. Based on some phenotypic differences, V.
cholerae O1 is subdivided into Classical and El Tor biotypes. Both
El Tor and Classic biotypes are divided into 3 serotypes, namely,
Ogawa, Inaba and Hikojima. Owing to their ability to produce
cholera toxin (CT), V. cholerae O1 and 0139 are distinctly
different from other sero groups. Most of the manifestations of
cholera are mainly due to CT [8,28-30].

Epidemiology of Cholera

Apparently, humans are the only natural host for the V. cholerae.
Transmission of cholera infection occurs through ingestion
of water or food contaminated with the feces of an infected
individual [1-3]. Several risk factors for the occurrence of cholera
are identified, including lack of clean drinking water, poor
hygiene, and high population densities [1]. Furthermore, conflict,
climate change, urbanization and population growth all play a
significant role in increasing the risk of severe cholera outbreaks
[4].

So far, the world has faced seven cholera pandemics. Out of the
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seven pandemics, the first six pandemics started in India and
the seventh originated in Indonesia. The first cholera pandemic,
known as “Asiatic cholera”, occurred from 1817 to 1823. The
second pandemic started in 1829 and lasted until 1835. The
third pandemic occurred from 1852 to 1863. The fourth cholera
pandemic beganin 1863 and lasted until 1879. The fifth pandemic
started in 1881 and lasted until 1896. The sixth cholera pandemic
occurred between 1899 and 1923. These pandemics spread
to most parts of the world from their origin, India. The seven
pandemic originated in Indonesia and subsequently spread to
most parts of the world. The pandemic occurred from 1961 to
date. The first six pandemics were caused by V. cholerae 01
Classical biotype. The ongoing seventh pandemic is caused by the
El Tor biotype of V. cholerae serogroup 01 [2,6,31].

Cholera is still a major health problem in the developing world,
particularly in low-income countries [31]. Many parts of the
developing world, especially Africa [1,7,32], Asia [33,34] and the
Caribbean [27] are endemic to cholera. In endemic countries, it
is estimated that there are 2.86 million cholera cases and around
95,000 deaths annually [9]. In Ethiopia, Ali et al. [9] estimates 68,
805, 272 people are at risk of cholera, 275, 221 cholera cases and
around 10, 458 deaths annually. It was estimated that there were
137, 611 - 412, 832 cholera cases and 2, 752 - 13, 761 deaths in
Ethiopia in 2015 [2]. In 2017, 48, 617 cases of cholera and 880
deaths occurred in Ethiopia [4]. As of June 23, 2019, a total of
688 suspected and 23 confirmed cholera cases with associated
15 deaths have been reported in Ethiopia from 5 regions of Afar,
Ambhara, Oromia, Somali, Tigray regions and two administrative
cities of Addis Ababa city and Dire Dawa [35]. From January to
August 2020, at least 6, 789 suspected cases were also reported
in Ethiopia [36]. V. cholerae serogroup O1 was confirmed as the
cause of cholera outbreaks in Ethiopia [1,6,35,37].

Detection techniques of V. cholerae

Accurate and timely detection of V. cholerae in the clinical and
environmental water samples is of paramount importance
for patient management, early warning of cholera outbreak
and effective control of the outbreak when it occurs [10-12].
Several diagnostic techniques are available for the detection
of the pathogen in the samples, including the conventional
bacteriological method, molecular techniques, agglutination
test, coagglutination test, immunofluorescence assay, enzyme-
linked immunosorbent assay and immunochromatographic test.

Microbiological Techniques

The conventional microbiological technique remains the gold
standard for laboratory detection of toxigenic V. cholerae. The
traditional methods of pathogen isolation and characterization
involve culture (stool, rectal swab and environmental samples)
in artificial media, Gram staining and biochemical tests. The
culture media that are used for the isolation of pathogenic V.
cholerae include blood agar and MacConkey agar, the selective
media being the thiosulfate-citrate-bile salts agar (TCBS) and
taurocholate tellurite gelatin agar (TTGA). Alkaline peptone
water (APW) is used for the transport and enrichment of V.
cholerae samples. Overnight colonies of V. cholerae are small
(1-3 mm), translucent, colorless-to-light pink (lactose-negative)
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on MacConkey agar. Overnight growth of V. cholerae on TCBS
agar appears as large (2-4 mm), yellow (sucrose-positive), round,
smooth, glistening, and slightly flattened. On TTGA agar, colonies
of V. cholerae appear as grey, flattened, and are surrounded by
a cloudy halo formed by the production of gelatinase after 24
hours of culture. The pathogen is gram negative and appears
curved rod under the microscope. Several biochemical tests,
including oxidase test, Kligler’s iron agar (KIA), triple sugar iron
agar (TSI), Voges-Proskauer (VP) and string test can be used
for the initial screening of isolates resembling V. cholerae from
culture media. V. cholerae gives a positive test in the oxidase
and string tests. Most isolates (75%) of V. cholerae are positive
in the VP test. The reactions of V. cholerae on KIA are K/A (K,
alkaline; A, acid), no gas and no H_S. On TSI, V. cholerae gives
reactions of A/A (A, acid), no gas and no H,S [12-14,38-40]. The
conventional microbiological methods have high specificity
(100%) and provide isolates for further identification, outbreak
investigations and epidemiological studies [14]. The techniques
do have a number of limitations nevertheless, including being
time consuming, lacking in sensitivity, laborious and require
laboratory infrastructure and skilled staff [14,18,41,42].

Immunological Techniques

Agglutination Test: Since there are approximately 206 specific O
antigens of V. cholerae, biochemical tests cannot be applied to
differentiate V. cholerae 01/0139 from the other O serogroups.
Serologic identification of V. cholerae 01/0139 serogroup is
conducted by agglutination test with the specific antisera or
monoclonal antibody (MADb). The test can be performed on a
clean glass slide or in a petri dish. The O1 strain of V. cholerae
is confirmed by agglutination with polyvalent antisera or MAb
against the O1 antigen, whereas agglutination with polyvalent
antisera or MAb against 0139 antigen confirms the 0139 strain
[10,30,38,39,43]. Anti-O1 and 0139 antisera are commercially
available (Mast Group and Denka Seiken, Japan). V. cholerae
01 antiserum is also commercially available for the serological
identification of V. cholerae O1 (Bio-Rad, France). Agglutination
test demonstrated overall sensitivity and specificity of 97%
and 100%, respectively, compared with enzyme linked
immunosorbent assay for the identification of V. cholerae 01
and non-01 serogroups [44]. The assay was also performed to
detect V. cholerae O1 in oysters with 100% specificity [45]. The
assay is rapid, technically simple and specific method to identify
V. cholerae 01/0139 serogroup [46], but it requires high quality
antisera or purified antibodies [43].

Coagglutination Test (COAT): Protein A coat of Staphylococcus
aureus (Cowan 1 strain) is capable of binding to the fragment
crystallization (Fc) portion of immunoglobulin G (IgG). This
interaction between protein A and IgG is utilized for the
development of COAT. In this method, V. cholerae 01/
0139 specific 1gG is adsorbed onto the surface of heat-killed
Staphylococcus aureus cells while retaining its binding capacity
and specificity. In a positive reaction, the binding of the antibody
on the surface of Staphylococcus aureus cells to the V. cholerae
will cause the formation of agglutination, which can be visually
read [38,41]. COAT was used for rapid detection of V. cholerae in
stool samples with overall sensitivity ranging from 92% to 100%
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and specificity ranging from 95.65% to 100%, compared with
standard culture method [25,26,47,48]. COAT is simple, rapid,
inexpensive and does not require fully trained microbiology
technician, but it requires V. cholerae 01/0139 specific antibodies
[25,26,43,47,48].

Direct Immunofluorescence Assay (DFA): DFA was used for
direct detection of V. cholerae in clinical and environmental
samples [23,24]. The technique uses fluorescein isothiocyanate
conjugated anti-V. cholerae 01/0139 antibody. DFA is sensitive
and highly specific [23], but it requires expensive equipment,
high quality immunologic reagents and trained technicians [38].

Enzyme Linked Immunosorbent Assay (ELISA): Owing to its high
sensitivity and specificity, ELISA has been developed and used
to detect V. cholerae or its toxin in clinical and environmental
samples. Of the available variants of ELISA, dot ELISA and
sandwich ELISA are commonly applied to detect V. cholerae
antigens in samples. In case of dot ELISA, V. cholerae antigen is
dotted onto nitrocellulose membrane. The membrane is then
allowed to react with V. cholerae specific antibody and enzyme
conjugated secondary antibody. The addition of a colorless
chromogenic substrate leads to the formation of a colored dot
on the membrane, which can be observed by the naked eye
[20, 21] (Figure 1a). As illustrated in (Figure 1b), in sandwich
ELISA, V. cholerae antigen first react with the immobilized anti-
bacterial antibody and then with the second anti-bacterial
antibody conjugated with enzyme. Then, addition of a colorless
chromogenic substrate results in the formation of a colorful
product. The color change is visually read or measured by
a spectrophotometer [15]. Chaicumpa et al. [20] employed
dot ELISA for the detection of V. cholerae 0139 in rectal swab
specimens from patients with acute watery diarrhea with overall
sensitivity of 100% and specificity of 99.95%, compared with
culture method. Dot ELISA was also used for the detection of V.
choerae 01 in stools of diarrheic patients with 100% sensitivity
and specificity, compared with culture method [49]. Sandwich
ELISA was also deployed for the detection of V. cholerae and its
toxin in a variety of specimen types [15,22,50]. ELISA is simple,
rapid, relatively inexpensive, robust and does not require special
equipment (dot ELISA) [15,20].

Immunochromatographic Assay (also called lateral flow assay
or dipstick): A typical format of immunechromatographic assay
consists of four components: sample application pad, conjugate
pad, nitrocellulose membrane (test and control lines) and
absorbent pad. All the four components are fixed over a backing
card. The assay follows immunechromatography principle; when
the sample pad of the dipstick is dipped into the sample, the
aqueous sample starts to migrate towards the absorbent pad
by capillary action. When the sample reaches the conjugate pad
(where gold nanoparticles conjugated anti-V. cholerae 01 and/or
0139 lipopolysaccharide (LPS) antibodies are immobilized), the
V. cholerae antigen in the sample is captured by the immobilized
antibodies and results in the formation of labeled antibody/
antigen complex. This complex then moves towards nitrocellulose
membrane. At test line (where primary anti-V. cholerae 01 and/
or 0139 LPS antibodies are immobilized), labeled antibody/
antigen complex is captured by the primary antibodies to
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produce a distinct orange line in the case of a positive reaction,
or no colored line in the case of a negative result. At control line
(where secondary antibody against the conjugated antibodies is
immobilized), excess conjugated antibodies will be captured by
the secondary antibody and gives orange line. Buffer and other
excess reagents will move into the absorbent pad (Figure 2) [19,
51, 52].

Immunochromatographic assay has been developed and used
to detect V. cholerae O1 and 0139 in clinical and environmental
water samples with overall sensitivity ranging from 77.8% to 100%
and specificity ranging from 84% to 100% [10, 18, 19, 53-56]. The
assay is user-friendly, rapid, inexpensive and stable in different
climatic conditions for prolonged periods. Consequently, the
assay is potentially ideal for rapid point-of-care testing, home-
based testing, and on-site testing of a variety of specimen types
[19,27,51]. Several dipstick assays are commercially available,
including Crystal VC Dipstick (Arkray Healthcare Pvt., India)
for the detection of V. cholerae 01 and 0139 in stool sample,
Cholera Ag 01/0139 RDT (Standard Diagnostics Inc., Korea) for
the detection of V. cholerae 01 and 0139 antigens in human
fecal specimens and Artron V. cholerae 0139 and O1 Combo Test
(Artron Laboratories Inc., Canada) for the detection of either V.
cholerae 0139 or O1 in human fecal samples or environmental
water [27].

Molecular Techniques

Conventional polymerase chain reaction (PCR) and real-time
PCR have been developed and used for characterization and
confirmation of V. cholerae O1 and 0139. In case of conventional
PCR, the target gene is amplified exponentially using DNA

polymerase and primers specific to V. cholerae. The amplified
product is then visualized by gel electrophoresis method [33]. In
real-time PCR, the amplification and detection activities of the
target gene are conducted simultaneously. The TagMan detector
[57], molecular beacon [58] and SYBR green [59] are used to detect
the amplified product. A number of toxigenic and other virulence
genes of V. cholerae, including ctxA, ctxB toxR, tcpA, zot, ompU,
O1-rfb, 0139-rfb and ompW are targeted by these molecular
techniques. For example, Yadava et al. [16] developed multiplex
PCR for direct detection of V. cholerae O1 in environmental and
clinical samples. This assay targeted ompW, ctxB and rfbO1 genes
of V. cholerae O1. The analytical sensitivity (limit of detection;
LoD) of the technique was 1.9 x 10° V. cholerae CFU per PCR
reaction and no cross-reaction with other homologous bacteria
used. The authors concluded that this method can be applied
for V. cholerae O1 surveillance in environmental water samples
and for confirmation of V. cholerae O1 in clinical samples. In one
study, a multiplex PCR assay was developed for the detection of
ctxA, tcpA and ompW genes of V. cholerae O1. The LoD of this
assay was 8.5-85 pg bacterial genomic DNA and no cross-reaction
with other related bacterial species, suggesting the utility of the
technique for sensitive and specific detection of V. cholerae O1
[60]. Multiplex real-time PCR was developed for the detection of
ompW, ompU, tcpA, ctxA, zot, rfbO1, and rfbO139 genes of V.
cholerae with LoD of 1.4 CFU/ml in environmental water samples
and no cross-reaction with other related bacterial species [17].
Gubala and Proll [58], developed multiplex real-time PCR assay
for the detection of V. cholerae. The assay targeted rtxA, epsM,
ompW and tcpA genes of V. cholerae. The LoD of the assay
was 10 V. cholerae CFU per PCR reaction with 100% specificity.
Multiplex real-time PCR was also employed for characterization

4 This article is available in: http://health-medical-economics.imedpub.com/archive.php
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of V. cholerae strains [12]. Although the molecular techniques
are robust, highly specific and sensitive, they require technical
expertise to run the tests, an expensive thermocycler, laboratory
facilities and an expensive TagMan detector in the case of real-
time PCR [10, 15].

Conclusion

Cholera continues to be a major public health problem in many
developing countries. The disease is mainly associated with
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