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Abstract

Vibrio cholerae plays a global role in health of human, it causes cholera that is a severe diarrheal illness. The developing
parts of the world and application of suitable water treatment measures leads to control and restricted this disease. V.
cholerae can be transmitted and adhered to normal flora by raw shellfish that considered as a vehicle. Cholera can be
diagnosed by the presence of the comma shaped of V. cholerae in the stools of patients who are suffering from severe
diarrhoea. There is a relationship between the environment and V. cholerae. However, non-toxigenic strains of this bacterium
have been more commonly isolated from the environment than toxigenic 0139 and O1 strains. This review focused on the
virulence factors, pathogenesis and epidemiologic patterns of Vibrio cholerae.
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Introduction

In human history, Vibrios have a role in a global
outbreak for example V. cholerae is a human pathogen
that causes cholera. It is gram negative, polarly flagellated
rods. It has been demonstrated that the climate is
associated with outbreak of disease. Interestingly,
zooplankton in systems of riverine and estuarine has an
important role in the cholera cycle, likewise a vector in
tularemia and malaria (Huq et al., 1983). Furthermore,
adhesive ability in the human gut and in the environment
is a significant feature of this bacterium that secrete a
powerful chitinase to help its growth on mucinase and
chitin surface in order to penetrate mucus barriers on
plankton and that covers the epithelial of gastrointestinal
tract (Islam, et al., 1999; Zhu and Mekalanose, 2003).

Environmental factors and bacterial prosperities were
concluded to make V. cholerae highly adhesive in the
gastro intestine; for example, serum of mussel hemolymph
has a role to assist attachment in the gastrointestinal
epithelium when this bacterium is ingested with seafood
(Pruzzo et al., 2003). In Bangladesh, cholera outbreaks
related to environmental variables including water
temperature, salinity, rainfall and water depth (Alam et
al., 2006; Hug et al., 2005). In 1999, cholera outbreak

*Author for correspondence : E-mail: hadaf.mahdi@qu.edu.iq

spreaded in Southeast Asia, this outbreak caused by
serotype 0139 (Ramamurthy et al., 1993).

Isolation and Bacteriological culture

V. cholerae is easy to isolate. It requires about 2.0-
2.5% (wi/v) concentrations of NaCl. It also requires bile
salts to inhibit the gram positive growth. Both biochemical
and molecular identification of V. cholerae are required.
Alkaline peptone water medium is used for enrichment
of V. cholerae. A non-selective medium is marine agar
which is used to grow all Vibrios. Thiosulfate citrate bile
salt sucrose agar (TCBS) is used to isolate V. cholerae
from different sources. The best selective medium to
isolate this bacterium was TCBS, however, some strains
of Aeromonas, Staphylococcus, Shewanella,
Flavobecterium, Streptococcus and Pseudoalteromonas
may be slight growth present on this medium but these
colonies looked extremely small and poorly developed
(Nicholls et al., 1976). Furthermore, Taurocholate tellurite
gelatin agar is used as a selective media for isolation and
purification of V. cholera (O’Brien and Colwell, 1985).
This bacterium can be isolated from clinical samples by
plate stool specimens or rectal swabs directly onto TCBS
agar. Moreover, this organism is an important species to
monitor in food products and it may be fatal (Donovan
and van Netten, 1995).
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Virulence factors
* Cholera toxin (CT):

CT is considered as an important virulence factor
that responsible for cholera symptoms. It is an ADP-
ribosylating, this toxin composes from two subunits, A
and B, subunit B forms binds to GM, gangliosides, thus
tethers subunit A to the surface of cell (Gill and King,
1975; Gill, 1976; Madigan et al., 2003). The toxin is
correlated with sphingo lipid and cholesterol in the
membrane receptor on the cell surface (London and Brown,
2000). The lysogenic filamentous bacteriophage encodes
ctxA and ctxB genes encoding CT (Waldor and Mekalanos,
1996). However, Boyd, et al., (2000) have demonstrated
that phage can be infected V. cholerae nontoxigenic
strains and converted to toxigenic strains. Moreover, V.
cholerae produces other toxins including haemolysin
(HIyA) and HA protease (HAP) that cause the
inflammatory reaction during disease (Fullner et al., 2002).

» Toxin Coregulated Pilus (TCP)

Taylor et al., (1987) have reported that when V.
cholerae colonizes the intestinal tract, it expressed a type
IV bundle-forming pilus. The tcp operon encodes for pilin
biosynthesis and it is encoding a regulatory protein ToxT
and the pilus subunit TcpA which is responsible for V.
cholerae pathogenicity island (VPI) (Karaolis et al.,
1998; Heidelberg et al., 2000). This pilus has a crucial
role for colonization of humans that is required for cholera
symptoms. The pilus is formed a homopolymer of repeating
TcpA subunit (Taylor et al., 1987; Taylor et al., 1988).

Lipopolysaccharide

It has been found to serve as a barrier for protecting
the organisms from external stresses (Nikaido, 1988).
On the basis of V. cholerae specific LPS O side chain
can be classified strains of this bacterium. The serogroups
01 and 0139 of V. cholerae are responsible for large
scale epidemics. Strains of O1 are genetically very similar
to strains of 0139 (Dziejman et al., 2002). Knirel et al.,
(1997) have studied that the 0139 antigen is a
polysaccharide that contained from different carbohydrates.
However, Kenne et al., (1982) have demonstrated that
the O1 antigen is a homopolymer that contained from
dideoxy-phoshpomannose substituted with tetronate.

Other virulence factors

V. cholerae has a single polar flagellum causing
motility of this bacterium that identified as a virulence factor.

Chemotaxis is also considered as a virulence factor.
It has a role not only to penetrate the mucous lining but
also to colonize the intestinal epithelial cells (Freter et
al., 1981). Microarray analysis of this bacterium in human
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patients stool established a repression of chemotaxis
related genes that related to a hyper infectious for
colonization of intestine (Merrell et al., 2002). Lee et al.,
(2001) have shown that chemotaxis has a role for the
induction of CT.

Furthermore, V. cholerae produced RTX toxin, the
gene cluster of RTX is formed from 4 genes including
rtxA, B, C and D that encodes the toxin, secretory protein
and the toxin activator, respectively (Lin et al., 1999).

Furthermore, the serogroups O1 and 0139
V.cholerae have hapA gene that encodes hemagglutinin/
protease. It contains a mucinase activity and can perturb
the barrier function of cell lines epithelium in vitro (Hase
and Finkelstein, 1991).

HIyA hemolysin that encoded by hlyA gene. HIyA
has a role in pathogenesis of V.cholerae but it remains
unclear. However, Fullner et al., (2002) have studied that it
can be contributed to the reactogenicity related to ctx: strains.

Moreover, different virulence-associated proteins
have secreted by type Il secretion system (EPS) in V.
cholerae and required fourteen genes (epsA-N) and
vepD. These genes are coded the proteins for forming a
secretion apparatus and secreting cholera toxin, chitinase,
lipase, HA/protein and neuraminidase (Sandkvist et al.,
1997; Connell et al., 1998; Marsh and Taylor, 1998). The
crystal structures and interactions of the different
components of this system have been suggested by Robien
et al., (2003) and Abendroth et al., (2004). Furthermore,
the toxR gene is coded a transmembrane protein. This
protein controls production of cholera toxin and other
virulence factors including outer membrane proteins and
pili that required for colonization of this bacterium in the
small intestine (Madigan et al., 2003). The expression of
CT and TCP that considered as a major virulence factors
that stimulates by ToxT and binds to the promoter regions
that encoded CT and TCP and activated transcription
(Carroll et al., 1997). The transcription of toxT initially
occurs precisely during the intestine or under inducing
conditions of defined laboratory and controlling by the
regulatory cascade (Murley et al., 2000). Interestingly,
the motility and chemotaxis of this bacterium can be
stimulated by bile that is also stimulate ToxR and ToxT
transcription of the promoter ctxA (Gupta and Chowdhury,
1997; Hung and Mekalanos, 2005).

There are various mobile genetic elements that
evaluated the potential pathogenic V.cholerae; for
example the genes encoding CT may carried by the
bacteriophage. However, a lysogenic bacteriophage has
been reported to correlate with VP1 (Karaolis et al.,
1999). However, the ctxA and ctxB genes that encoded
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cholera toxin and have also encoded within the genomic
phage but not required for replication and integration of
phage (Waldor and Mekalanos, 1996).

Pathogenicity

The ingestion of 108-10° V. cholerae is required to
cause disease. This bacterium grows and release
enterotoxin when this organism attaches small intestine
epithelial cells. This toxin causes diarrhoea led to
dehydration. The mortality rate is about 60% from
untreated cholera.

The symptoms of cholera can be characterised by
milky or rice watery diarrhoea and dehydration resulting
from the massive fluid loss that can be cause circulatory
failure and eventually death (Sack et al., 2004). Generally,
cholera victims die resulting from extreme dehydration
that caused by losing a massive net fluid. This disease
can be treated by ion replacement and therapy of
dehydration. However, the treatment by antibiotics cause
limiting growth of V. cholerae, nevertheless it has no
effect on toxin. However, antibiotics are of little benefit
without electrolyte replacement and simultaneous fluid
(Madigan et al., 2003).

The pathogenesis of V. cholerae can be summarised
as shown in fig. 1.
Epidemiology

V. cholerae is a natural inhabitant of the coastal
water, estuarine and brackish riverine (Almagro-Moreno,
2013). Cholera can be spread within environmental
reservoir, potentially flies and food. It has been suggested
that this disease is related to seasonal climatic patterns
and tidal seawater intrusions (Sack et al., 2004). Cholera
illness is considered a public health problem around the
world, in Asia, several parts of Bangladesh and India are

I'. cholerae passes the stomach acid barrier

It penetrate the small intestine mucous

The bacteria adhere to epithelial cells of the intestine

!

1. cholerae express virulence factors cholera toxin (CT)

’

CT effects on epithelial cells in intestine

|

Diarrhea related to cholera

Fig.1: The mechanisms pathway involved in V. cholerae
(Prouty and Klose, 2006).
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endemic for this disease, as well as, in Haiti, cholera has
become endemic (Deen et al., 2020). In 2011, cholera
vaccine has been created to cholera outbreak (Martin et
al., 2014). Cholera outbreaks have been studied in many
countries including Italy, Africa and south and Central
America (Baine et al., 1974; Goodgame and Greenough,
1975; Weil and Berche, 1992). Furthermore, this
bacterium is transmitted almost by contaminated water.
It is also related to food consumption. In the Americas,
cholera associated with consumption of raw shellfish and
vegetables that contaminated by untreated sewage, as
well as, washed in contaminated water. It has been
reported that 250 thousand deaths out of 5 million cases
of cholera in 1961. Moreover, 400 thousand cases and 9
thousand deaths in 1999 worldwide. In the United States,
cholera outbreaks have been demonstrated in 250 total
cases (Madigan et al., 2003).

In Asia including China, Nepal and Pakistan, cholera
outbreaks caused by O1 and 0139 strains after that
outbreak between 1992-1993; 0139 strain became less
regularly recorded (Mukhopadhyay et al., 2014).
Furthermore, Griffith et al., (2006) have suggested that
the risk of cholera can be increased depending on many
factors including lack of development, immune status,
poverty, high population density and use of unsafe water.
However, in Bangladesh, the children under five have
been suffered from cholera (Colombara et al., 2014). In
Southeast Asia, cholera outbreaks have been associates
with seasonal conditions and environmental factors
including water sources that contaminated by frequent
and widespread flooding and dislocate populations that
can be affected the water supplies. Interestingly, Ahmed
et al., (2018) have shown that since 2012 has no cases
of this illness in Vietnam. Furthermore, in 1970 the
pandemic of seventh cholera has been spread in Africa;
isolates of 1070 V. cholerae O1 from 45 countries
Africans have been collected from 1966 to 2014 (Wkill,
2017). Increasing the incidence of cholera especially in
poverty and poor housing, as well as, high population
density has been reported in Africa.

In the Americans, the first cholera outbreak started
in Chile and Peru in 1832 and lasted in 1851, however,
the second outbreak occurred between 1853 and 1859
(Hays, 2005). The origin of epidemic cholera in Haiti
was from Nepal, it has been investigated by epidemiology
and genetic characterisation of V. cholerae isolates that
isolated from the Haitain cholera epidemic (Frerichs et
al., 2012).

Conclusion
V. cholerae is a pathogen; it causes cholera resulting
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in severe dehydration. Based on adequate sanitation
measures can be controlled of cholera. This bacterium is
eliminated from wastewater within purification of water
and treatment of sewage. V. cholerae is associated with
marine animals gut flora, surface for nutrition and growth.
However, based on epidemiological data can be decided
making a vaccine against cholera at the regional and
national levels. Cholera is a disease that continues to be
a scientific issue and significant cause of mortality and
morbidity worldwide.
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