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Abstract

Background and Aim: Cholera is a life‐threatening infectious disease that is still one

of the most common acute watery diarrheal diseases in the world today. Acute

diarrhea and severe dehydration brought on by cholera can cause hypovolemic

shock, which can be fatal in minutes. Without competent clinical therapy, the rate of

case fatality surpasses 50%. The purpose of this review was to highlight cholera

challenges in Africa and the Middle East and explain the reasons for why this region

is currently a fertile environment for cholera. We investigated cholera serology,

epidemiology, and the geographical distribution of cholera in Africa and the Middle

East in 2022 and 2023. We reviewed detection methods, such as rapid diagnostic

tests (RDTs), and treatments, such as antibiotics and phage therapy. Finally, this

review explored oral cholera vaccines (OCVs), and the vaccine shortage crisis.

Methods: We carried out a systematic search in multiple databases, including

PubMed, Web of Science, Google Scholar, Scopus, MEDLINE, and Embase, for

studies on cholera using the following keywords: ((Cholera) OR (Vibrio cholera) and

(Coronavirus) OR (COVID‐19) OR (SARS‐CoV2) OR (The Middle East) OR (Africa)).

Results and Conclusions: Cholera outbreaks have increased dramatically, mainly in

Africa and many Middle Eastern countries. The COVID‐19 pandemic has reduced

the attention devoted to cholera and disrupted diagnosis and treatment services, as

well as vaccination initiatives. Most of the cholera cases in Africa and the Middle

East were reported in Malawi and Syria, respectively, in 2022. RDTs are effective in

the early detection of cholera epidemics, especially with limited advanced resources,

which is the case in much of Africa. By offering both direct and indirect protection,

expanding the use of OCV will significantly reduce the burden of current cholera

outbreaks in Africa and the Middle East.
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1 | INTRODUCTION

The comma‐shaped bacteria Vibrio cholerae is the cause of cholera, an

acute diarrheal disease.1 V. cholerae is a water‐borne pathogen and

can be transferred through vector and reservoir organisms such as

flies, algae, and some crustaceans.2,3 In coastal regions and estuaries,

V. cholerae grows best in salt water.4–6 Fecal samples of human

cholera carriers can also carry high concentrations of V. cholerae.7

Through such mechanisms, V. cholerae can contaminate water

sources and food. Once ingested through the fecal–oral route, the

disease can lead to symptoms such as diarrhea and dehydration.8 In

1817, cholera appeared in the Ganges Delta and expanded to seven

pandemics that killed millions of people across the world.4–6 V.

cholerae is constantly evolving, with novel phenotypes and genotypes

arising as a consequence of outbreaks and growing drug resistance.9

In Africa, cholera occurs in two different ways: as an endemic

condition that recurs every 2–3 years during specific seasons, or as

acute epidemics that start suddenly, endanger thousands of lives, and

strain the healthcare infrastructure.10 Cholera outbreaks are difficult

to predict and therefore can occur in both endemic and nonendemic

areas based on environmental changes, with refugee camps being

especially vulnerable.11

Globalization and travel increase the spread of cholera, as was

the case in Haiti following the 2010 earthquake, where imported

cases from Nepal were the source of the infection. Cholera was

brought to Haiti from a single source and then rapidly, widely, and

continuously spread.12,13 The spreading of cholera across countries'

borders has been proposed between Iraq‐Iran and Cameroon‐

Nigeria.14,15 Since 2019, the COVID‐19 pandemic has greatly

increased mortality rates and put a burden on medical facilities all

around the world. In Africa and the Middle East, COVID‐19 has

hindered the fight against infectious diseases that can be fatal, such

as cholera, tuberculosis, HIV/AIDS, and several tropical diseases.16–18

Numerous nations in Asia, Africa, and Europe experienced cholera

outbreaks during the pandemic,19–22 whereas no cases were

recorded in the Americas in 2022. Due to inadequate monitoring

and surveillance, it is anticipated that the actual number of cholera

cases may be greater than those that have been released.19–22 In

2022, isolated cholera cases were associated with damage to the

sewage and water systems due to the fighting in Mariupol, Ukraine,

which resulted in several health issues.23–25

This study reviews recent cholera outbreaks in Africa and the

Middle East, the geographical distribution of cholera cases in 2022

and 2023, the different serogroups and biotypes of V. cholerae

causing pandemics and outbreaks, and the causes of cholera

outbreaks raging in Africa and the Middle East. We also describe

different manifestations and complications of cholera, methods of

diagnosis, available oral cholera vaccines (OCVs), and antimicrobial

drug resistance. Finally, we discuss management strategies and

promising cholera treatments. We carried out a systematic search in

multiple databases, including PubMed, Web of Science, Google

Scholar, Scopus, MEDLINE, and Embase, for studies on cholera using

the following keywords: ((Cholera) OR (Vibrio cholera) and

(Coronavirus) OR (COVID‐19) OR (SARS‐CoV2) OR (The Middle

East) OR (Africa)).

2 | EPIDEMIOLOGY AND GEOGRAPHICAL
DISTRIBUTION OF CHOLERA IN AFRICA
AND THE MIDDLE EAST IN 2022 AND 2023

Since 2021, there has been an upsurge in cholera cases in Africa (e.g.,

Cameroon, the Democratic Republic of the Congo, Ethiopia, Kenya,

Malawi, Mozambique, Nigeria, South Sudan, the United Republic of

Tanzania, Zimbabwe, Niger, Burundi, and Somalia), as well as the

Middle East (e.g., Syria, Lebanon, Yamen, and Iraq).26 Some countries

fail to report cholera cases or deaths because of inadequate or

nonexistent monitoring systems. Others delay reporting cholera

outbreaks to reduce losses in commerce and tourism as well as

societal hysteria. However, early detection of cholera outbreaks may

lead to shorter epidemic durations and terminate any potential

epidemics.27 Figure 1 shows the geographical distribution of cholera

in Africa and the Middle East in 2022.

In Table 1, we collected the recently reported numbers of cholera

cases, deaths, and case fatality ratios (CFRs) in Africa and the Middle

East in 2022. According to our research, Malawi had the largest number

of cholera cases reported in Africa in 2022, with 28,132 confirmed

cases, 916 fatalities, and a CFR of 3.3%. While in the Middle East, Syria

had the largest number of cases, with 77,561 suspected cases, 1893

confirmed cases, 100 deaths, and a CFR of 0.13%.

3 | CHOLERA SEROLOGY

V. cholerae strains are defined by the structure of their O antigen,

which has been classified into more than 200 O serogroups.36–39

Despite this large number of serogroups, only the V. cholerae

serogroups O1 and O139 are toxin‐producing and have been

reported as the cause of disease in epidemics.39,40 The O1 serogroup

has three serotypes based on the antigenic factors A, B, and C: Inaba,

Ogawa, and Hikojima, and two biotypes, classical and E1 Tor.39 99%

of the worldwide cases are caused by O1 serogroup.41 Stool samples

in the current outbreak inYemen were positive for the O1 serogroup,

Ogawa serotype.42,43 In early October 2022, there was a rapid spread

of cholera caused by Serotype O1 El‐Tor Ogawa in Syria and

Lebanon.44,45

Usually, V. cholerae strains have a prophage, CTXФ, where the

gene encoding V. cholerae toxins is present, the most important factor

in its virulence. Atypical El Tor strains have the ctxB allele, which is a

characteristic allele of the classical CTXФ strain (CTXClassФ).46 In the

2004 Mozambique outbreak, there were two types of prophages

nearly identical to CTXClassФ, but they had the El Tor phenotype and

were otherwise genotypically El Tor, so they were named Mozam-

bique EI Tor.46–48 Other atypical El Tor strains are called hybrid EI

Tor because they have classical ctxB and rstR genes. All of these

variations are caused by the transfer of mobile genetic elements.46
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Serogroups other than O1 and O139 arise less frequently and are

likely under‐reported due to the lack of diagnosis. Currently, 1%–3.4% of

cases of acute diarrhea cases are due to the non‐O1/non‐O139

serogroup (NOVC).49 In a study of 58 hospitalized patients with acute

diarrhea in Italy, 3.4% of the cases were due to NOVC.50 27.4% of

hospitalized cholera patients with acute diarrhea at a hospital in India

carried non‐O1/non‐O139 serogroup bacteria.51 The O5 serogroup was

responsible for cases of cholera in Czechoslovakia in the 1960s; the O37

serogroup caused cholera infections in Sudan in 1968.52–54 After July

2015, there was a reported case of NOVC cholangitis and septicemia in

Beirut, which was the third reported case of NOVC bacteremia in

Lebanon and the first after the 2015 Lebanese waste crisis.55

Six pandemics caused by the O1 serogroup arising from India have

spread worldwide from 1817 to 1923.56,57 A seventh pandemic, which

arose in Indonesia in 1961 due to the El Tor biotype, spread into Asia,

Africa, and Latin America, including the devastating epidemic that

occurred in Haiti in 2010. Other El Tor biotype outbreaks occurred in

several African countries from 1997 to 1999, from 2012 to 2014 in

Mozambique, and 2010 in Cameroon.39,58–60 O139 epidemics have

occurred less frequently but were responsible for infections among the

elderly in Pakistan between 1995 and 2010,61 in Thailand,62 and

sporadically in China63 and Bangladesh.64 Serotype O139 may be

responsible for the probable eighth cholera pandemic, which emerged

successfully between 1992 and 2015 before dying out, according to a

study by Ramamurthy et al.65 They included 330 O139 isolates in their

study and reported that two key genomic evolutionary changes are

responsible for the eventual epidemiological decline of O139. First,

there was a transformation from the homogenous toxin genotype in

wave‐A to heterogeneous genotypes, followed by gradual loss of

antimicrobial resistance due to the progression of waves.65

Table 2 depicts the classification of V. cholerae into serogroups and

biotypes, as well as major pandemics and outbreaks over the years.46,54

Pulsed‐field gel electrophoresis (PFGE), polymerase chain reaction

(PCR)‐based methods, ribotyping, and sequencing‐based methods such

as multi‐locus sequence typing (MLST), variable number of tandem

repeats (VNTR) analysis, and multi‐locus variable tandem repeat analysis

(MLVA) are molecular tools for studying V. cholerae.54

4 | WHY ARE AFRICA AND THE MIDDLE
EAST FERTILE ENVIRONMENTS FOR
CHOLERA?

The key factors contributing to Africa's ongoing and repeated cholera

outbreaks include poverty, inadequate sanitation, poor water supply,

and overpopulation. The situation is exacerbated by the human

F IGURE 1 Geographical Distribution of documented cholera outbreaks in Africa and the Middle East in 2022 and 2023.

AHMED ET AL. | 3 of 21



T
A
B
L
E

1
N
um

b
er
s
o
f
re
p
o
rt
ed

ch
o
le
ra

ca
se
s,
d
ea

th
s,
an

d
C
F
R
in

A
fr
ic
a
an

d
th
e
M
id
d
le

E
as
t
in

2
0
2
2
an

d
2
0
2
3
.

R
eg

io
n

C
o
un

tr
y

T
o
ta
l
ca
se
s
(s
us

p
ec

te
d
an

d
co

nf
ir
m
ed

ca
se
s)

C
o
nf
ir
m
ed

ca
se
s

D
ea

th
s

C
F
R
(%

)
R
ep

o
rt
in
g
ti
m
ef
ra
m
e

R
ef
er
en

ce

A
fr
ic
a

B
ur
un

d
i

8
1

6
6

1
1
.2

Ja
nu

ar
y
1
,
2
0
2
3
to

Ja
nu

ar
y
1
5
,
2
0
2
3

2
8

C
am

er
o
o
n

1
5
,1
1
7

1
8
0
5

3
0
2

2
O
ct
o
b
er

2
5
,2

0
2
1
to

Ja
nu

ar
y
5
,
2
0
2
3

D
em

o
cr
at
ic

R
ep

ub
lic

o
f
th
e
C
o
ng

o
1
4
,2
9
0

1
3
5
6

2
6
2

1
.8

Ja
nu

ar
y
3
,
2
0
2
2
to

D
ec

em
b
er

3
0
,
2
0
2
2

E
th
io
p
ia

9
1
1

2
7

2
7

3
Se

p
te
m
b
er

1
7
,
2
0
2
2
to

Ja
nu

ar
y
1
5
,2

0
2
3

K
en

ya
3
9
3
9

1
4
2

7
0

1
.8

O
ct
o
b
er

1
6
,2

0
2
2
to

Ja
nu

ar
y
8
,
2
0
2
3

M
al
aw

i
2
8
,1
3
2

2
8
,1
3
2

9
1
6

3
.3

M
ar
ch

3
,
2
0
2
2
to

Ja
nu

ar
y
2
0
,2

0
2
3

M
o
za
m
b
iq
ue

3
9
3
0

1
6

2
1

0
.5

Ju
ne

2
5
,
2
0
2
2
to

D
ec

em
b
er

1
8
,
2
0
2
2

N
ig
er
ia

2
0
,7
6
8

‐
4
9
8

2
.4

Ja
nu

ar
y
1
,
2
0
2
2
to

N
o
ve

m
b
er

2
7
,
2
0
2
2

So
ut
h
Su

d
an

4
2
4

5
6

1
0
.2

M
ar
ch

2
1
,2

0
2
2
to

N
o
ve

m
b
er

2
0
,
2
0
2
2

Z
im

b
ab

w
e

2
2

0
0

N
o
ve

m
b
er

2
4
,
2
0
2
2

U
ni
te
d
R
ep

ub
lic

o
f
T
an

za
ni
a

2
4

3
1

4
.2

O
ct
o
b
er

3
1
,2

0
2
2
to

D
ec

em
b
er

1
1
,
2
0
2
2

N
ig
er

7
2

1
4

1
1
.4

Se
p
te
m
b
er

1
,
2
0
2
2
to

N
o
ve

m
b
er

1
4
,2

0
2
2

2
9

So
m
al
ia

1
5
,6
5
3

‐
8
8

0
.6

Ja
nu

ar
y
3
,
2
0
2
2
to

Ja
nu

ar
y
1
,
2
0
2
3

3
0

So
ut
h
A
fr
ic
a

1
0

1
0

1
1
0

M
ar
ch

3
0
,2

0
2
3

3
1

T
he

M
id
d
le

E
as
t

Sy
ri
a

7
7
,5
6
1

1
8
9
3

1
0
0

0
.1
3

A
ug

us
t
2
5
,2

0
2
2
to

Ja
nu

ar
y
7
,
2
0
2
3

3
2

Le
b
an

o
n

6
1
5
8

‐
2
3

0
.3
7

O
ct
o
b
er

6
,
2
0
2
2
to

Ja
nu

ar
y
1
7
,2

0
2
3

3
3

Y
em

en
5
5
6

‐
0

0
A
ug

us
t
2
0
2
2

3
4

Ir
aq

3
0
6
3

3
0
6
3

1
9

0
.6

Ju
ly

6
,
2
0
2
2
to

N
o
ve

m
b
er

2
9
,2

0
2
2

3
5

A
b
b
re
vi
at
io
n:

C
F
R
,
ca
se

fa
ta
lit
y
ra
ti
o
.

4 of 21 | AHMED ET AL.



conflicts that occur throughout Africa as well as the Middle

East.2,8,77,78 Transmission becomes simpler in crowded environments

like refugee camps, prisons, and war zones.10,79 Additionally, climate‐

related factors such as rainfall, flooding, droughts, and strong winds

also propagate cholera (Figure 2).2,77

Several sociological factors have impacted cholera epidemics in

Africa and the Middle East. In developing countries, high‐density

populations lead to sanitation issues such as unsuitable living

conditions; clean water, sewage treatment, and clean, warm food

may be limited or not available at all. These living conditions often do

not allow for basic sanitation strategies with which the prevention of

cholera can be achieved.80,81 Water wells and rivers are common

sources of water for displaced communities. Sewage treatment

allows for the maintenance of a clean, non‐contaminated water

supply for the population and is lacking in many impoverished

areas.78 Sanitation applies to not only water sources but nutrition as

well. Cold meals, lack of nutrition, and roadside food vendors all

increase the likelihood of contracting cholera.77 Helicobacter infec-

tion, which is common in young children and adolescents in

developing countries in Africa and the Middle East, is another risk

factor for cholera.82–84 Helicobacter pylori plays a significant role in

the pathophysiology of diarrheal illnesses like cholera by causing

hypochlorhydria, gastric ulcers, and gastric cancer.82,84 Clemens et al.

found that infection with H. pylori was related to a considerable

increase in the probability of life‐threatening cholera. However, this

was only observed in people who lacked natural immunity against

V. cholerae.85

As of 2023, there were about 5.4 million refugees from Syria in

neighboring countries.8,86 The prolonged civil war within Yemen has

led to the immigration and emigration of individuals who may have

been carriers of cholera.2 Due to the country's institutional gridlock

and economic crisis, cholera affected Lebanon in 2022.78 In Ethiopia,

the conflict in the Tigray region has led to nearly 53,000 refugees

entering Sudan to be housed in refugee camps.8,87 Political conflicts

have not only displaced people but have also prevented vaccines

from reaching the targeted host population.80 Cholera vaccinations

are limited in impoverished countries due to factors such as political

strife, vaccine costs, and the world's focus on other pathogens.80

TABLE 2 V. cholerae classification and the major cholera pandemics, outbreaks, and case reports.

Serogroup Biotype Country Year Reference

O1 Classical From 1st to 6th
pandemics

1817–1923 66, 67

E1 Tor 7th pandemic 1961–1975 68

Indonesia 1961 69

Lima and Peru 1991 70

Haiti 2010 58

Mozambique 1997–1999 and
2012–2014

71

Cameroon 2010 60

Yemen 2016–2017 72, 73

Syria and Lebanon 2022 45

Atypical

E1 Tor

“MB El Tor” Matlab in Bangladesh 1991 and 1994 74

Altered El Tor Bangladesh 2001 74

Mozambique
El Tor

Mozambique 2004 47, 48

Hybrid El Tor various African and Asian
countries

1991 and 2004 75, 76

O139 ‐ The 8th pandemic 1992–2015 65

Pakistan 1995–2010 61

Thailand 1983–2013 62

Bangladesh 2013–2014 64

China 1993–2013 63

Non‐O1/non‐O139 ‐ Czechoslovakia 1960s 53

Sudan 1968 52

Lebanon 2015 55
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Cases of cholera outbreaks brought on by climate change, such

as those associated with droughts, heavy rainfall, and the propagation

of V. cholerae reservoirs and vector organisms have occurred in

Africa.46,77 Climate change is likely to worsen cholera outbreaks in

Africa and the Middle East. Increases in air temperature were linked

to increases in cholera cases in Africa.88–93 Extreme weather events

are predicted to increase with climate change94 and both abnormally

wet and drought events have been associated with increased cholera

cases in Africa95–98 and elsewhere.90,91,99 Droughts can lead people

to use poor‐quality water for drinking, whereas flooding can cause

sewage systems to overflow into drinking water.92,100 The obtain-

ment of clean water can be expensive; water wells are often sought

after, which may have cholera propagating within them.46,77 Droughts

are often accompanied by times of economic hardship for individuals

who partake in agriculture. Obtaining vaccines, sanitation supplies,

water, and food may be difficult, and cheaper alternatives may be

sought, which may contain V. cholerae.77 Increased frequency of El

Niño events can lead to more climatic extremes that increase cholera

cases.96,101–103 Changing ocean conditions favor the growth of V.

cholerae bacteria through increased temperature92 and higher zoo-

plankton populations that are fed by higher phytoplankton populations

that benefit from nutrient‐rich runoff from agriculture and human

waste.88,99,100 Because V. cholerae is a temperature‐sensitive patho-

gen, its populations grow within reservoirs at the ideal temperature.

This in turn increases the likelihood of the pathogen increasing within

the population.77 Droughts can allow brackish water up into streams

allowing cholera carrying plankton inland.90,91,99

The COVID‐19 pandemic exacerbated cholera outbreaks in

different countries in Africa and the Middle East.16–22 As of February

2023, approximately 750 million confirmed cases and 6.7 million

confirmed deaths have been attributed to COVID‐19 globally.104 The

pandemic caused a shift in the focus of governments, organizations,

and the media away from cholera.81,105 The worst consequences of

the COVID‐19 pandemic were suffered by many developing countries

in Africa and the Middle East.106 The pandemic may negatively impact

crucial cholera control measures like surveillance, a crucial defense

against outbreaks and related mortality.16 However, an increase in

hand washing and sanitization in response to the COVID‐19 pandemic

is expected to reduce food and waterborne infections. Researchers

believe that the restricted availability of clean water and poor waste

disposal in many rural and peri‐urban slums in Sub‐Saharan Africa

make efficient hand hygiene implementation difficult.16

5 | THE CHARACTERISTIC CLINICAL
MANIFESTATIONS AND COMPLICATIONS
OF CHOLERA

V. cholerae infection causes a range of symptoms, from asymptomatic

intestinal colonization to severe diarrhea. Other typical symptoms

include abdominal pain, borborygmi, and vomiting, especially in the

early stages of the illness. The severe illness caused by cholera is

attributed to the significant loss of electrolytes caused by diarrhea.

The clinical signs of V. cholerae O1 versus O139 are similar.107 A

normal incubation period for cholera is 1–2 days; however, the

duration of cholera incubation varies depending on the host's

susceptibility and the amount of the inoculum and can range from

a few hours up to 3–5 days.108–110 While mild V. cholerae infection

may be clinically indistinguishable from other causes of diarrhea,

severe cholera is distinguished by rapid fluid and electrolyte loss.

Cholera stools may contain fecal debris and bile in the early stages of

the illness.6 Nevertheless, the passing of copious “rice‐water” stool, a

watery stool with mucous particles, is a defining feature of severe

cholera (cholera gravis) and usually has a fishy odor. The diarrhea is

F IGURE 2 Risk factors of a potential cholera epidemic in Africa and the Middle East.
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normally painless and does not cause tenesmus. In the most severe

instances, stool production in adults may approach 1 L per hour. The

maximum rate of stool excretion in children with severe cholera is

frequently between 10 and 20 cc/kg/h, and this rate of fluid loss is

unusual in other types of diarrheal sickness.111 Additionally, cholera

patients’ feces include a greater quantity of sodium, as well as

considerable levels of potassium and bicarbonate, when compared to

other causes of pediatric diarrheal disease.112,113 Diarrhea is most

severe in individuals treated with appropriate rehydration during the

first 2 days and subsides after 4–6 days, with total volume loss of up

to 100% of body weight occurring throughout the disease.114

Vomiting, which is sometimes accompanied by watery emesis, is

common and can occur before or after the onset of diarrhea. Patients

may experience abdominal cramps, but not the intense abdominal

pain associated with dysentery.114

The most common sequelae of acute cholera diarrhea are

hypovolemia and electrolyte abnormalities due to rapid fluid and

electrolyte loss. Severe hypovolemia can develop within hours of the

onset of symptoms. The median time between the onset of

symptoms and death in those who died before being admitted to a

cholera treatment facility during the early stages of the Haitian

cholera outbreak was 12 h.115 Severe hypovolemia might cause

sunken eyes, dry mouth, chilly, clammy skin, reduced skin turgor, or

wrinkled hands and feet. The majority of patients exhibit apathy.

Kussmaul breathing could develop from lactic acidosis brought on by

inadequate perfusion in addition to acidosis from loss of stools'

bicarbonate (Figure 3). Pneumonia is a common comorbidity in

children with cholera, possibly as a result of aspiration during

vomiting, and has been linked to death.116 Because fever is

uncommon, the presence of a high temperature should raise the

possibility of a concomitant infection or consequence. In the absence

of diarrhea, “Cholera sicca” is a unique type of illness in which fluid

collects in the intestinal lumen; circulatory collapse and even death

may follow.117

Most cholera cases with neurologic complications involve infants

and neonates and manifest as meningitis,118 but adults with a higher

risk of intracranial infection have experienced neurological effects

from cholera. A 58‐year‐old fisherman with left‐sided paresis and a

Babinski sign had an intracerebral abscess and bacteremia caused by

V. cholerae that did not produce cholera toxin. He had a craniotomy 5

years before presentation for a subdural hematoma, which could

have allowed the organism intracranial access.119 There were no risk

factors for a 10‐day‐old boy with V. cholerae meningitis, but recent

water studies in his rural Indian village found non‐O1 non‐O139 V.

cholerae in 41% of drinking water samples and 100% of water,

sediment, and plankton samples from three nearby lakes.118,120

Cholera is particularly dangerous to pregnant women and their

fetuses. Despite early research suggesting a high risk of fetal death

F IGURE 3 Common and severe symptoms of Vibrio cholerae.
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linked to cholera during pregnancy (up to 50% during the third

trimester), more recent research has revealed a decreased but still

high risk (~8%).114,121–123 According to one study from Guinea, most

pregnant women affected by a 2012 cholera outbreak were in their

third trimester. The classic clinical manifestations were associated

with obstetric difficulties and maternal‐fetal hazards. In addition to

experiencing choleriform diarrhea in 100% of the women, dehydra-

tion was mild in 16%, moderate in 45%, and severe in 39% of the

women. There were two threatened abortions, one preterm birth,

four intrauterine deaths, and one maternal death.124

6 | DIFFERENT METHODS OF CHOLERA
DIAGNOSIS

In developing countries and poor settings where advanced laboratory

diagnostic techniques are limited, cholera is diagnosed by clinical

symptoms and manifestations. After the incubation period of V.

cholerae (median = 1.4 days), outcomes range from symptomless

intestinal colonization to mild or severe diarrhea.125 Identification of

endemic species of V. cholerae O1 and O139 by isolation and culture

of a stool specimen in alkaline peptone water (APW) then

subcultured in thiosulfate‐citrate‐bile salts sucrose (TCBS) agar or

taurocholate tellurite‐gelatin (TTG) agar is the gold standard in the

diagnoses with Cary Blair media as the ideal media for trans-

port.126–128 Stool analysis is valuable for V. cholerae diagnosis as it

enables further molecular phenotypic analysis of the specimen for

antibiotic resistance and molecular characterization.128 External

factors such as improper sampling and shipment can affect the

efficacy of stool analysis as a primary diagnostic tool.128 Molecular

detection and PCR have been developed for V. cholerae species

identification and characterization. PCR requires a sample to be

grown in pure culture without requiring viable strains. PCR can also

detect the pathogen in food, water, and rectal swabs, it does not

require a stool sample as most of the tests.129

Methods of diagnosis have been developed to replace compli-

cated laboratory investigations in developing countries or endemic

settings with poor healthcare quality.130 Rapid diagnostic tests

(RDTs) are used directly on rectal swabs, fresh stool only, or after

enrichment of the specimen by alkaline peptone water for

(4–6 h).126,131,132 RDTs detect the pathogen qualitatively within a

maximum of 30min, which appears as a colored band that can be

read with the naked eye.130 Almost all RDTs work by detection of

antigens specific for lipopolysaccharide (LPS) of serotypes O1 and

O139 of V. cholerae using monoclonal antibodies.133 These tests are

developed to detect epidemics early to start cholera treatment for

patients in their early stages to prevent the disease's progress. RDTs

do not require experienced technicians to perform, are low‐cost, and

do not require cold storage.126,134 These advantages of RDTs lead us

to believe that they are more appropriate for use in refugee camps

and impoverished regions of Africa and the Middle East. Table 3

shows the characteristics of the most common RDTs, including their

sensitivity and specificity.135,143 T
A
B
L
E

3
C
ha

ra
ct
er
is
ti
cs

o
f
m
o
st

co
m
m
o
n
R
D
T
s
fo
r
ch

o
le
ra

d
ia
gn

o
si
s
(a
d
ap

te
d
fr
o
m

F
al
co

ne
r
et

al
.1
3
5
).

T
es
t

Sa
m
p
le

in
th
e
te
st

T
es
t
d
ur
at
io
n

V
ib
ri
o
ch
ol
er
ae

sp
ec

ie
s

T
es
t
as
sa
y

T
ar
ge

t
C
o
un

tr
y
o
f

p
o
p
ul
at
io
n

C
o
st

Se
ns

it
iv
it
y
(%

)
Sp

ec
if
ic
it
y
(%

)
R
ef
er
en

ce

C
ho

lk
it

St
o
o
l

1
5
m
in

O
1

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
la
te
ra
l
fl
o
w

as
sa
y

LP
S
an

ti
ge

n
B
an

gl
ad

es
h

~
$
3

9
7
.7

9
6
.5

1
3
6
,
1
3
7

C
ry
st
al

V
C
‐O

1
St
o
o
l

1
5
–
3
0
m
in

O
1

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
la
te
ra
l
fl
o
w

as
sa
y

LP
S
an

ti
ge

n
K
en

ya
~
$
2
/k
it

9
7
.5

1
0
0

1
3
8

C
ry
st
al

V
C

St
o
o
l

1
0
–
2
0
m
in

O
1
an

d
O
1
3
9

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
la
te
ra
l
fl
o
w

as
sa
y

LP
S
an

ti
ge

n
B
an

gl
ad

es
h

$
1
.9
/t
es
t

9
7
.5

9
8
.4

1
3
6

SD
B
io
lin

e
St
o
o
l

1
0
–
2
0
m
in

O
1
an

d
O
1
3
9

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
as
sa
y

V
.
ch
ol
er
ae

O
1
an

d
O
1
3
9
an

ti
ge

ns
Z
am

b
ia

~
€
2
/t
es
t

9
0
.9

9
5
.2

1
3
9

C
ho

le
ra

D
F
A

St
o
o
l

Le
ss

th
an

3
0
m
in

O
1

F
lu
o
re
sc
en

t
m
o
no

cl
o
na

l
an

ti
b
o
d
y

st
ai
ni
ng

ki
t

“A
”
fa
ct
o
r
o
f
V
.

ch
ol
er
ae

O
1
LP

S
‐

‐
1
0
0

1
0
0

1
4
0

IP
d
ip
st
ic
k

St
o
o
l

3
–
5
8
m
in

(In
fi
el
d

p
ra
ct
ic
e)

O
1

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
d
ip
st
ic
k

as
sa
y

LP
S
an

ti
ge

n
B
an

gl
ad

es
h

‐
9
4
.2

8
4
.0

1
4
1

O
1
3
9

1
0
0

9
2
.5

A
rt
ro
n
R
D
T

St
o
o
l

1
5
m
in

O
1
an

d
O
1
3
9

Im
m
un

o
ch

ro
m
at
o
gr
ap

hi
c
as
sa
y

LP
S
an

ti
ge

n
H
ai
ti

‐
9
8
.6

6
9
.1

1
4
2

A
b
b
re
vi
at
io
ns
:
LP

S,
lip

o
p
o
ly
sa
cc
ha

ri
d
e;

R
D
T
,r
ap

id
d
ia
gn

o
st
ic

te
st
.

8 of 21 | AHMED ET AL.



7 | CURRENT AVAILABLE OCVS

There are four main vaccines for the prevention of cholera in the

market. Vaxchora®, Dukoral®, Shanchol™, and Euvichol®/Euvichol‐

Plus have been prequalified by the WHO (Table 4).

7.1 | Vaxchora

CVD 103‐HgR marketed as Vaxchora is a recombinant live OCV

vaccine. This strain comes originally from O1 classical Inaba strain

569B.151 This specific strain has been genetically modified by

removing the gene encoding the cholera toxin A subunit to prevent

the production of cholera toxin, which made the vaccine strain

different from the wild type. This was achieved by the company

Berne Biotech. Vaxchora is currently approved by the USD FDA for

being used by individuals from 2 to 64 years old.150

A single dose of oral vaccination CVD 103‐HgR offers quick

protection, starting 10 days after administration.151 CVD 103‐HgR

vaccine can produce the immunogenic nontoxic cholera toxin B‐

subunit protein (CTB) in the gastrointestinal tract (GIT) and cause a

rise in vibriocidal antibodies which help in the protection against V.

cholerae.151 A human trial study conducted on 197 healthy adults

ranging between 18 and 45 years old found that the vaccine prevents

the symptoms of cholera in people who are in contact with this

bacterium. Out of the total individuals enrolled, 95 received the

vaccine, and 102 received a placebo. Out of the 95, 68 were

introduced to the pathogen at different time points (35 subjects after

10 days of the vaccine dosage and 33 subjects after 3 months of

vaccination). Only two subjects experienced moderate or severe

diarrhea (5.7%) after 10 days of the dosage challenge, and four

subjects (12.1%) experienced moderate or severe diarrhea after 3

months of vaccination. 59.1% of the individuals in the placebo group

experienced moderate or severe diarrhea suggesting a strong

protective effect of the vaccine against this symptom. The overall

results suggest a 90.3% protection effect of the vaccine 10 days after

the dosage, and 79.5% effectiveness 3 months postvaccina-

tion.150,151,159,160 In individuals with blood group O, the vaccine

TABLE 4 Characteristics of current available OCVs.

Vaccine name Vaxchora® Dukoral®
Shanchol™ and Euvichol®/
Euvichol‐Plus

Manufacturer Emergent Travel Health144 Valneva Canada Inc145 Sanofi Healthcare India Private
Limited (Shanchol™)146

EuBiologics Co., Ltd. (Euvichol®/

Euvichol‐Plus)147

Composition Contains 4 × 108 to 2 × 109 CFU of
live attenuated V. cholerae CVD

103‐HgR148

Contains inactivated WC V. cholerae O1 Inaba,
Ogawa, classic and El Tor strains

(31.25 × 109 vibrios of each), and rCTB
1mg from classic biotype149

Contains WC V. cholerae O1 and
O139 without CTB150

Age 2–64 years150 2 years and older151 1 year and older151

Regimen and dose Single dose, 10 days before potential
exposure to cholera144

Adults and children >6 years old: 2 doses Individuals older than 1 year old:
2 doses, 14 days apart152

Children aged 2–6 years: 3 doses149

Pharmaceutical form Suspension151 Suspension and granules for suspension151 Suspension151

Vaccination
effectiveness
duration

3–6 months minimal153 2 years153 3 years minimal (for 2 doses)
Short‐term protection (for 1
dose)153

Booster dose No recommendation154 Adults and children >6 years old: every 2
years

No recommendation155

Children aged 2–6 years: every 6 months149

Cost $270/dose156 ~$4.7–9.4/dose155 Shanchol: $1.85/dose155

Euvichol: $1.7/dose155

Euvichol‐Plus: $1.30/dose157

Need for buffer Yes27 No27

Type of vaccine Oral live attenuated151 Oral killed151

Licensure FDA 2016 (June)156 WHO qualified152

Storage temperature (−25°C to −15°C)150 (2–8°C)149,158

Abbreviations: CFU, colony‐forming units; OCV, oral cholera vaccine.
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efficacy was 78.4% in the 10‐day challenge group, while it was 82.5%

in the 3‐month challenge group.159 This was a relevant finding

because individuals with blood group O are more susceptible to

developing severe symptoms from cholera.161

Another major study with a total of 3146 participants evaluated

the levels of rapid serum vibriocidal antibody (SVA) and cholera toxin

in individuals receiving the vaccine up to 181 days after vaccination.

The results supported previous evidence with a cumulatively

significant 96% SVA seroconversion rate in the postvaccination

group compared to 4% in the placebo group.151,162 Vaxchora

protects against the serogroup O1, but not against O139, the strain

found mainly in the Southeast area of Asia. Even though the evidence

suggests that the vaccine is effective against the disease, it has an

average cost of $270 per single dose.156 It also requires a cold chain

to maintain the vaccine (between −25°C and −15°C). This limits the

use of this vaccine to specific travelers from the United States to

other countries.150

7.2 | Dukoral

Dukoral was licensed internationally in 1991.152 Dukoral is a killed whole‐

cell (WC) monovalent (O1) vaccine that contains the recombinant cholera

toxin B subunit (rCTB). This vaccine contains equal parts of four different

strains of V. cholerae.150 It was licensed in Sweden, especially for travelers,

and later used in other countries in Europe. To prevent the acid‐labile

CTB component from being degraded by gastric acid, the vaccination

must be administered with a sodium bicarbonate buffer.152,163 The

population receiving the vaccine consists of children and people over 6

years old, receiving two doses in less than 6 weeks. Children between 2

and 6 years old receive three doses.149

The specific composition of this vaccine consists of the heat‐

inactivated V. cholerae O1 Inaba classic strain and the Ogawa classic

strain. These two are combined with the formalin‐inactivated V.

cholerae El Tor strain and Ogawa classic strain, along with CTB.164

The vaccine induces antibodies for CTB and bacterial components

simultaneously.149 The exact mechanism behind the immunologic

system behind this compound is still unknown; however, a recent

study suggested that the quality of the immunological response elicited

after oral administration of the Dukoral vaccine may be regulated by

toll‐like receptor (TLR) pathways. Sirskyj et al. propose that MyD88/

TLR signaling, rather than Trif signaling, is responsible for CD4+ T‐cell

proliferation in response to V. cholerae.164

The first challenge study for this vaccine was conducted at the

University of Maryland. They enrolled healthy participants between

the ages of 19 and 35 years old. The goal of the study was to compare

the effectiveness of formulations of WC vaccines containing CTB

(referred to as WC‐CTB) to those without CTB (referred to as WC).

Three doses, spaced by 2 weeks of either WC‐CTB (containing 5mg of

CTB) or WC were administered to the participants. El Tor Inaba V.

cholerae was given to the vaccinated participants and unvaccinated

controls 4 weeks after the third dose of WC and 5 weeks after the third

dose ofWC‐CTB. TheWC andWC‐CTB vaccines were shown to be 56%

and 64% effective, respectively. Vaccinated individuals in both groups

who contracted cholera experienced fewer severe symptoms than

unvaccinated individuals and were completely protected from severe

diarrhea.150,165 In Bangladesh, 89,596 individuals, including women over

the age of 15 and children aged 2–15, participated in a study of the

original WC‐CTB formulation. Three doses of the WC‐CTB, the Killed

WC vaccine, or a placebo were given to individuals at random. The

protective effectiveness was maintained in adults and children older than

5 years of age for 2 years; however, protection was only maintained for 6

months in children 2–5 years of age, indicating that this age group needed

to receive doses more frequently. Effectiveness against El Tor V. cholerae

was shown to be significantly lower than against classical V. cholerae.

Additionally, this study revealed that a two‐dose regimen was just as

efficient as a three‐dose program given at intervals of 6 weeks.152,166–168

In Peru, a study involving 1563 military personnel was done to

evaluate the efficacy of WC‐CTB. With an average follow‐up of 5

months, the short‐term preventive effectiveness in the Peruvian

military study was 86% (95% confidence interval [CI] = 37–97,

p < 0.01). In a high transmission environment, this study showed that

an accelerated and shorter regimen (two doses given within 14 days)

can induce protection within 2 weeks of immunization in a population

that is primarily blood group O and is thought to be highly

immunologically naïve.169 In Zanzibar, a longitudinal cohort study

revealed that after a 15‐month follow‐up period, the protective

efficacy of two doses of WC‐CTB was 79% (95% Cl = 47–92). WC‐

CTB also offered significant indirect (herd) protection in the observed

circumstance in addition to direct protection. As the neighborhood's

vaccination rate rose, the risk of cholera among unvaccinated locals

decreased, demonstrating the existence of herd protection.170

According to the findings, expanding the use of cholera vaccinations

will significantly reduce the burden of cholera in endemic areas by

offering both direct and indirect protection to those who receive

them as well as indirect protection to those who do not receive them.

TheWHO approved the use of Dukoral after the results of many

field studies demonstrated its high efficacy and effectiveness against

cholera. It has not been demonstrated that Dukoral protects against

cholera caused by Vibrio species other than V. cholerae serogroup

O139. Additionally, because of its expensive cost, short duration of

protection, and logistical difficulties with vaccine delivery, it has not

been regularly embraced for use in public health.152 The cost of a

single dose of Dukoral is $6 to the public sector150; however, a cost‐

effectiveness study in Mozambique in 2017 revealed that the cost of

a two‐dose vaccine in an urban area was $2.09, without adding the

manufacturing cost of the vaccine, which is relatively high.171,172 The

vaccine did not require a rigorous cold chain like others; it only

needed to be refrigerated between (2–8°C).149

7.3 | Shanchol and Euvichol/Euvichol‐Plus

Shanchol and Euvichol/Euvichol‐Plus are essentially the same

vaccines but made by different providers. They are both currently

available for vaccination and have been used in campaigns with more
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than 20 million doses administered.173 Shanchol is a killed WC

vaccine consisting of killed WC O1 and O139 serogroups but without

CTB. Shanchol is an oral vaccination that must be administered two

times, at least 2 weeks apart. Immunity against cholera is anticipated

to develop in 7–10 days following the second dose.150 This vaccine is

intended for anyone aged more than 1 year with no current data for

infants below a year of age.158 It has been demonstrated that giving

the vaccine orally, which develops local immunity, is efficacious. A

similar IgA antibody response (including memory) is elicited by the

vaccination locally in the GIT to that induced by the cholera disease

itself. The colonization of V. cholerae O1 and O139 is hampered by

the intestinal antibacterial antibodies that stop the bacteria from

adhering to the intestinal wall.158 Both Shanchol and Euvichol/

Euvichol‐Plus are stored at (2–8°C) and not frozen.158

A study was conducted in Kolkata, India to assess the

effectiveness of Shanchol when administered in two doses separated

by 2‐week intervals. Twenty cholera incidents occurred throughout

the 2 years of follow‐up in the vaccine group, compared to 68

incidents in the placebo group, demonstrating a protective efficacy of

67% (one‐tailed 99% CI, lower bound 35%, p < 0.0001). Furthermore,

the vaccine protective effectiveness was 65% during the third year of

follow‐up (one‐sided 95% CI, lower bound 44%, p < 0.001). At 5

years, the vaccine's cumulative protective effectiveness was 65%

(95% CI = 52–74, p < 0.0001). Age‐related differences have been

noted: 1–4 years: 42% (95% CI = 5–64); 5–15 years: 68% (95%

CI = 42‐82); and 15 years and older: 74% (95% CI = 58‐84).174–176

The catastrophic cholera outbreak in Haiti, which resulted in over

8000 deaths, and other significant cholera outbreaks in 2010 all helped

to increase awareness of the OCV among the worldwide community

and afflicted nations.177 The cooperation between the International

Vaccines Institute (IVI) and EuBiologics Co., Ltd. was established in

2010 to conduct an OCV technology transfer and establish a second

producer to accommodate the rising worldwide demand. Euvichol was

licensed and subsequently WHO prequalified upon the results of a

non‐inferiority trial in 2016 since the production method and

composition were identical to those of Shanchol. To further enhance

Euvichol, EuBiologics switched the vaccine's packaging from traditional

glass vials to plastic tubes (Euvichol‐Plus), making it easier to

administer in crises or during emergencies.177

A randomized, non‐inferiority trial evaluating the safety and

immunogenicity of two doses of either Shanchol or Euvichol/Euvichol‐

Plus was carried out in the Philippines on a total of 1263 healthy Filipino

individuals (777 adults and 486 children). The results demonstrated that

Vibriocidal antibody responses against V. cholerae O1 Inaba elicited by

Euvichol/Euvichol‐Plus were non‐inferior to those generated by

Shanchol in children (87% vs. 89%) and adults (82% vs. 76%).

Comparable results were seen for V. cholerae O1 Ogawa in children

(91% vs. 88%) and adults (80% vs. 74%). In addition, no significant

adverse effects were recorded in either vaccination group.178

Since the creation of Euvichol, 100 million doses have been

administered in over 20 countries.150 With the collaboration of the Pan

American Health Organization (PAHO), 1.17 million doses of Euvichol

arrived in Haiti on December 12, 2022. Over half a million doses were

expected to arrive in the next several weeks to stop the spread of

cholera.179 On November 7, 2022, Lebanon received 600,000 doses

from the International Coordination Group (ICG), which manages the

supplies of vaccines worldwide. The aim is to achieve a 70% vaccination

by administering 200,000 doses in less than 2 weeks.180 The city of

Damascus in Syria received two million doses of OCV on November 30,

2022.181 Both Shanchol and Euvichol/Euvichol‐Plus are the selected

vaccines for mass immunization since they are affordable and easy to

distribute. The goal is to eliminate the transmission of cholera in 20

countries before 2030 arrives.182

8 | CHOLERA VACCINE SHORTAGE CRISIS
AND NEW PROMISING OCVS

The ICG managed the distribution of emergency vaccines and drugs to

nations during significant outbreaks and received the global cholera

vaccine stockpile from Shantha Biotechnics and EuBiologics. TheWHO,

UNICEF, and the International Federation of Red Cross all have

representatives on the ICG. In 2022, outbreaks have been recorded

from 30 countries, compared to an average of less than 20 during the

past 5 years.183,184 Cholera vaccines are in critically short supply,

according to the WHO.183,184 There is no short‐term way to enhance

production because vaccine manufacturers were already operating at

full capacity. As of October 2022, a total of 24 million of the 36 million

doses anticipated to be produced in 2022 have already been shipped for

vaccination campaigns, and an additional 8 million doses have been

approved by the ICG for a second round of emergency vaccination in

four countries, highlighting the severe lack of the vaccine.185

The ICG had been forced to temporarily halt the standard two‐

dose vaccination regimen in cholera outbreak response campaigns in

favor of a single‐dose strategy that may allow the doses to be used in

more countries, during a period of unprecedented increase in cholera

outbreaks globally. Despite the paucity of data on the precise period

of protection and the fact that protection seems to be substantially

lower in children, the one‐dose approach has been successful in

controlling outbreaks. Despite the temporary interruption of the two‐

dose strategy causing a decrease and shortening of immunity, the

advantage of administering one dosage still trumps administering

none.186 A recent modeling study demonstrated that rapid vaccina-

tion campaigns with a single dose of OCV are likely to prevent more

cases and fatalities than a two‐dose pro‐rata campaign in an epidemic

environment with a limited vaccine supply.187

The COVID‐19 pandemic caused collateral damage by affecting the

production of Vaxchora. Due to a significant decline in international

travel as a result of the COVID‐19 pandemic, the vaccine manufacturer

informed the FDA in May 2021 that they had decided to temporarily

stop the production and distribution of Vaxchora in the United

States.188 In addition, Shantha Biotechnics announced that the

production of Shanchol, which comprises 15% of the global stockpile,

would stop in 2022, and the distribution by the end of 2023.189,190

A licensing and technology transfer agreement has been signed

by the South African biopharmaceutical company Biovac and the IVI
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for the development and production of OCVs. This will help enable

Biovac to create the antigen/raw materials needed for manufacturing

vaccines. The goal of this collaboration is to expand the production

rates to alleviate the severe worldwide vaccine shortage required to

prevent cholera. This knowledge transfer will also create and show

off capability for good manufacturing process scale‐up, local

manufacturing of clinical trial products, and end‐to‐end vaccine

production in Africa as the production of the first trial batches is

scheduled to begin in 2024.191

9 | MANAGEMENT, ANTIMICROBIAL
DRUG RESISTANCE, AND PROMISING
CHOLERA TREATMENTS

Most cholera cases will be treated with oral rehydration therapy, which

will be used to correct fluid and electrolyte imbalances192 (Figure 4). The

primary treatment for cholera is rehydration therapy. Antibiotic therapy

is also recommended for patients with severe illness and high‐risk

patients, such as those who are immunocompromised, pregnant, or have

comorbid conditions (Table 5).193–195

9.1 | Rehydration treatment

One of the complications of cholera is dehydration. Adequate

rehydration is critical for the patient's recovery. Depending on the

patient, different modes of rehydration therapy can be administered.195

Oral rehydration salt (ORS) should be given immediately to patients with

no or some dehydration. High‐sugar drinks should be avoided in case of

unavailability of ORS because they aggravate diarrhea.194 Intravenous

rehydration is indicated in patients who have severe dehydration and

conditions that interfere with the oral administration of rehydration

solution such as loss of consciousness, and persistent vomiting.194 The

fluid amount can be adjusted according to the hydration status of the

patient. In the treatment of severe dehydration with IV rehydration,

ringer lactate is the fluid of choice.195

In the case of patients with severe acute malnutrition, a rapid bolus

infusion of 20mL/kg Ringer lactate (RL) is given over 30min, if the

severity signs of dehydration are not resolved, the procedure can be

repeated up to two times. Once severity signs have resolved, the patient

should receive a continuous infusion of 70mL/kg RL over 6 h, in

addition to adding 100mL of 50% glucose to each liter of ringer lactate.

When the patient is stable and can drink in the absence of excessive

vomiting, the patient can be started on standard hypo‐osmolar ORS.193

Pregnant women do not bear any greater risk of being infected with

cholera than the general population. Dehydration, on the other hand,

can cause fetal complications. As such, treatment is given to correct the

patient's dehydration and maintain the systolic blood pressure (SBP)

>90mmHg to ensure adequate perfusion of the fetus.193,194

9.2 | Zinc supplement

Zinc supplementation reduces the severity and duration of diarrhea

in children aged 6 months to 5 years with watery diarrhea.193 20mg

F IGURE 4 Management protocol for controlling and stopping cholera.

12 of 21 | AHMED ET AL.



of zinc sulphate P.O. per day for 10 days should be started

immediately. Concurrent administration of zinc with antibiotics such

as Ciprofloxacin can impair antibiotic absorption. As a result, the

antibiotic should be given 2 h prior or 4–6 h after the zinc

supplement.194,195

9.3 | Antibiotic therapy

Although oral and intravenous rehydration are the first‐line

treatments for cholera, antibiotic therapy is recommended in a

variety of situations, including severely ill patients, patients with

comorbid conditions, pregnant women, and patients with

persistently high stool output despite adequate rehydration

therapy.194,195 The antibiotic of choice for all ages, including

pregnant women, is Doxycycline.195 In the case of documented

doxycycline resistance, Azithromycin and Ciprofloxacin can be

considered. Antibiotic therapy should begin as soon as the patient

is stable and capable of taking oral medication.195

9.4 | V. cholerae's resistance to antimicrobial drugs

Antibiotic resistance is a growing concern in the treatment of

infectious diseases. Cholera is no different, as several studies show

the emergence of resistant variants of the pathogen for certain

antibiotics. Resistance develops due to the misuse of antimicrobials,

poor clinical care, poor water quality, and lack of proper regula-

tions.196 Misuse includes suboptimal dose and frequency of medica-

tion, overuse, and non‐adherence. The resistance profile of the

pathogen appears to vary depending on the geographical location

and year of the cholera outbreak.197 The pathogen develops

resistance through mechanisms such as drug uptake limitation, drug

inactivation, drug target modification, and efflux of drugs.1

Cholera antibiotic resistance in Mozambique from 2012 to 2015

showed an increase for Tetracycline, Nitrofurantoin, and Azithromy-

cin. There was up to 100% resistance to Ampicillin and Nalidixic acid,

but a decrease in resistance for doxycycline and no resistance for

ciprofloxacin. They noticed that isolates that were 100% resistant to

chloramphenicol in 2012 had a dramatic decline of approximately

TABLE 5 Different lines in management and treatment of cholera patients.

Patient group Rehydration therapy Antibiotic therapy Zinc

Adults 1. Patients with severe dehydration: 30mL/kg of
intravenous RL over 30min, repeat once if danger signs
are still present, then followed by 70mL/kg of RL

over 3 h.
2. Patients with some dehydration: 75ml/kg of ORS over

4 h, repeat if dehydration signs are still present.
3. Patients with no dehydration: at least 200–250mL of

ORS after each loose stool until diarrhea stops.

1. First choice: Doxycycline 300mg single
oral dose.

2. Alternatives: Azithromycin 1 g P.O.

single dose or Ciprofloxacin 1 g P.O.
single dose.

20mg of zinc
sulphate per day
for 10 days

Children 1. Children with severe dehydration (<5 years): 20 mL/kg
of intravenous RL over 15min, repeat up to two times if

danger signs are still present, then followed by 70mL/kg
of RL over 3 h.

2. Children with some dehydration (<5 years): 75 mL/kg of
ORS over 4 h, repeat if dehydration signs are still
present.

3. Children with no dehydration:
o If the age is under 2 years, 50–100mL of ORS after each

loose stool until the diarrhea stops.
o If the age is 2–9 years, 100–200mL of ORS after each

loose stool until the diarrhea stops.

If the child is ≥12 years old:

1. First choice: Doxycycline 2‐4mg/kg

P.O. single dose.
2. Alternatives: Azithromycin 20mg/kg

P.O. single dose or Ciprofloxacin
20mg/kg P.O. single dose.

Pregnant

Women

1. Patients with severe dehydration or systolic blood

pressure (SBP) ≤ 90mmHg: bolus of 30mL/kg RL over
30min, repeat if the pulse is still weak or if SBP remains
≤90, then followed by 70mL/kg of RL over 3–4 h. In
case of the presence of little or no vomiting, at least
250mL of ORS after each stool.

2. Patients with some dehydration and SBP > 90mmHg:
75mL/kg of ORS over 4 h and at least 250mL of ORS
after each stool.

3. Patients with no sign of dehydration and
SBP > 90mmHg: at least 250mL of ORS after each stool

and observation for 4–6 h.

1. First choice: Doxycycline 300mg P.O.

single dose.
2. Alternatives: Azithromycin 1 g P.O.

single dose or Ciprofloxacin 1 g P.O.
single dose.

Ref. 193–195

Abbreviations: ORS, oral rehydration salt; RL, Ringer lactate.
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50% in 2013 with a subsequent increase.198 In a recent meta‐

analysis, 20 studies that investigated 648 environmental V. cholerae

O1/O139 isolates from Asia, Africa, America, and Europe were

included. Fluoroquinolones, gentamicin, ceftriaxone, doxycycline,

kanamycin, and cefotaxime were shown to have low resistance rates.

Nevertheless, antimicrobial resistance is increasing, and the major

focus is on the emergence of antimicrobial resistance in V. cholerae

strains, particularly in low‐income nations or endemic areas.199

Although the antimicrobial resistance profile of fluoroquinolones such

as Ciprofloxacin is favorable, the risk of resistance development

remains as the association between Nalidixic acid resistance and the

reduced susceptibility profile of fluoroquinolones has been re-

ported.200 Table 6 shows the characteristics of some studies' findings

on the antimicrobial drug resistance to cholera.198–202

9.5 | Promising methods for treating cholera

Phage therapy can play a critical role in cholera treatment. Bhandare

et al. demonstrated that oral treatment of a single Podoviridae phage

may prevent clinical cholera symptoms in infant rabbits with no

development of resistance to the phage. The results showed that

animals treated with phage therapy had shown no clinical signs of

infection when compared to the 69% of untreated controls.203 From

sewage water in Baghdad, Yassein et al. isolated virulent phages lytic

for the isolate of V. cholerae O1. They then analyzed the spectrum of

their activity and created phages in a phage cocktail to broaden the

host range for the individual phages included in the cocktail. All of the

phages identified in their research had a limited host range of

34%–65% against isolates of V. cholerae O1; however, a cocktail of

eight phages had 100% activity against those isolates. Phage cocktail

formulations may provide an alternative treatment for cholera since

they are highly efficient against V. cholerae. Phage cocktails may be

very useful in the field of water processing, cholera prevention, and

treatment procedures.204

During a major outbreak of cholera in India, researchers isolated

Vibrio phage VMJ710 from a sewage sample. This phage can lyse

46% of multidrug‐resistant V. cholerae O1 strains. Within the first

4–6 h of treatment, the phage VMJ710 dramatically decreased the

bacterial density in a mouse model. Additionally, they demonstrated

that when given 6–12 h before the bacterial challenge, the phage

VMJ710 can prevent the progression of V. cholerae infection and

ailment. This phage could be a good choice for oral delivery and could

help treat cholera infections brought on by pathogenic multidrug‐

resistant V. cholerae strains.205 Another promising cure for cholera is

probiotics. The goal of probiotic treatment for cholera infection is to

bring back balance to the gut bacteria and stop V. cholerae strains

from taking over the digestive system.206 The conventional use of

Rosaceae plant infusions for diarrhea seems applicable to cholera. The

plant extracts impede the binding of the cholera toxin to receptors or

prevent the internalization of the toxin, both of which reduce the

development of pathogenic bacteria. While the plant extracts do not

kill bacteria, they may slow it down, which may help other antibiotic

treatments. The plant extracts may eventually be shown to be helpful

additions to current ORS in the fight against cholera.207

10 | CONCLUSION

V. cholerae is a complex bacterium that can persist in both human

host populations and aquatic environments. In humans, the bacteria

can cause severe diarrhea and death. The Middle East and Africa

have suffered the brunt of the recent outbreaks of cholera and the

purpose of this study was to review the causes and potential

solutions for cholera in this region. The study's narrow temporal and

geographical focus on cholera outbreaks in Africa and the Middle

East may not provide a comprehensive understanding of cholera

dynamics globally and limits the generalizability of findings. The

impact of COVID‐19 likely exacerbated local outbreaks of cholera in

Africa and the Middle East as well as led to an undercounting of the

number of cases. Going forward there are headwinds and promises

toward combating cholera in Africa and the Middle East. Poverty,

inadequate sanitation, inadequate water supply, overpopulation, and

conflict continue to create environments susceptible to cholera.

Conflicts in nations such as Syria, Ethiopia, and Sudan have led to

crowded living conditions with reduced access to clean drinking

water and cholera treatment. Climate change threatens to exacerbate

cholera conditions by increasing the occurrence of flooding and

drought in the region.

RDTs that do not rely on expensive laboratory materials will help

detect outbreaks sooner, leading to more rapid population‐level

interventions. Vaccination efforts have been hindered by reduced

production and increased demand for vaccines. Eubiologics'

Euvichol/Euvichol‐Plus will be increasingly relied upon as a relatively

inexpensive and effective vaccine for Middle Eastern and African

nations. As Africa and the Middle East emerge from the COVID‐19

pandemic, renewed efforts will need to be made to address the

increasing threat of cholera. Prevention and treatment strategies will

likely require a multi‐pronged combination of prevention and

treatment strategies.

AUTHOR CONTRIBUTIONS

Abdulrahman K. Ahmed: Conceptualization; writing—original draft;

validation; data curation. Victor Coll Sijercic: Investigation; writing—

original draft; visualization; writing—review and editing; resources.

Mahad S. Akhtar: Writing—original draft; methodology; visualization;

software. Ahmed Elbayomy: Conceptualization; investigation;

resources; data curation; formal analysis. Mohamed A. Marouf:

Investigation; writing—original draft; data curation; methodology.

Mahlet S. Zeleke: Conceptualization; writing—original draft; project

administration; data curation; validation. Reem Sayad: Investigation;

writing—original draft; formal analysis. Abdelrahman Abdelshafi:

Writing—original draft; resources. Nicholas J. Laird: Writing—

original draft; investigation; formal analysis; data curation. Mohamed

A. El‐Mokhtar: Supervision; project administration; writing—original

draft. Gregory R. Ruthig: Conceptualization; writing—original draft;

AHMED ET AL. | 15 of 21



writing—review and editing; visualization; supervision; project admin-

istration. Helal F. Hetta: Writing—original draft; project administra-

tion; supervision.

ACKNOWLEDGMENTS

All figures were created with BioRender (https://biorender.com),

except Figure 2 was created with MapChart 2023. https://www.

mapchart.net/.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

TRANSPARENCY STATEMENT

The lead author Mahlet S. Zeleke affirms that this manuscript is an

honest, accurate, and transparent account of the study being

reported; that no important aspects of the study have been omitted;

and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

DATA AVAILABILITY STATEMENT

All generated data are included in this manuscript.

ORCID

Abdulrahman K. Ahmed http://orcid.org/0000-0002-5134-1089

Mahlet S. Zeleke http://orcid.org/0009-0005-0766-3055

REFERENCES

1. Das B, Verma J, Kumar P, Ghosh A, Ramamurthy T. Antibiotic
resistance in Vibrio cholerae: understanding the ecology of resistance
genes and mechanisms. Vaccine. 2020;38(Suppl 1):A83‐A92.

2. Ng QX, De Deyn MLZQ, Loke W, Yeo WS. Yemen's cholera
epidemic is a one health issue. J Prev Med Public Health. 2020;53(4):

289‐292.
3. Racault M‐F, Abdulaziz A, George G, et al. Environmental reservoirs

of Vibrio cholerae: challenges and opportunities for ocean‐color
remote sensing. Remote Sens. 2019;11(23):2763.

4. Morris Jr, JG, Acheson D. Cholera and other types of vibriosis: a

story of human pandemics and oysters on the half shell. Clin Infect

Dis. 2003;37(2):272‐280.
5. Greenough 3rd WB. The human, societal, and scientific legacy of

cholera. J Clin Invest. 2004;113(3):334‐339.
6. Harris JB, LaRocque RC, Qadri F, Ryan ET, Calderwood SB.

Cholera. Lancet. 2012;379(9835):2466‐2476.
7. Merrell DS, Butler SM, Qadri F, et al. Host‐induced epidemic

spread of the cholera bacterium. Nature. 2002;417(6889):642‐645.
8. Hassan OB, Nellums LB. Cholera during COVID‐19: the forgotten

threat for forcibly displaced populations. EClinicalMedicine. 2021;
32:100753.

9. Goel AK, Jiang SC. Genetic determinants of virulence, antibiogram
and altered biotype among the Vibrio cholerae O1 isolates from
different cholera outbreaks in India. Infect Genet Evol. 2010;10(6):

814‐818.
10. Cavdaroglu S, Aktar I, Hasan MM, et al. Cholera amidst COVID‐19

pandemic: African healthcare system in jeopardy. Einstein (Sao

Paulo). 2022;20:eCE6938.
11. Saha A, Rosewell A, Hayen A, MacIntyre CR, Qadri F. Improving

immunization approaches to cholera. Expert Rev Vaccines. 2017;
16(3):235‐248.

12. Dixit SM, Johura FT, Manandhar S, et al. Cholera outbreaks (2012)
in three districts of Nepal reveal clonal transmission of multi‐drug
resistant Vibrio cholerae O1. BMC Infect Dis. 2014;14(1):392.

13. Eppinger M, Pearson T, Koenig SSK, et al. Genomic epidemiology

of the Haitian cholera outbreak: a single introduction followed by
rapid, extensive, and continued spread characterized the onset of
the epidemic. mBio. 2014;5(6):e01721.

14. International I. Cholera Outbreak Besetting Iran, Iraq And
Afghanistan. 2022. https://www.iranintl.com/en/202207115448

15. Kindzeka ME. Cameroon Struggling to Contain Deadly Cholera
Outbreak. 2022. https://www.voanews.com/a/cameroon-
struggling-to-contain-deadly-cholera-outbreak/6435596.html

16. Owoicho O, Abechi P, Olwal CO. Cholera in the era of COVID‐19
pandemic: a worrying trend in Africa? Int J Public Health.

2021;66:1604030.
17. Nghochuzie NN, Olwal CO, Udoakang AJ, Amenga‐Etego LN,

Amambua‐Ngwa A. Pausing the fight against malaria to combat the
COVID‐19 pandemic in Africa: is the future of malaria bleak? Front
Microbiol. 2020;11:1476.

18. Molyneux DH, Aboe A, Isiyaku S, Bush S. COVID‐19 and neglected
tropical diseases in Africa: impacts, interactions, consequences. Int
Health. 2020;12(5):367‐372.

19. Reda A, Sah R, Abdelaal A, Shrestha S, Rodriguez‐Morales AJ. The

emergence of cholera in multiple countries amidst current COVID‐19
pandemic: situation and implications for public health and travel
Medicine. Travel Med Infect Dis. 2022;49:102423.

20. Khan HA, Masood W, Siddiqui A, Ahmad S, Salman Y, Essar MY.
The cholera outbreak in karachi, Pakistan: challenges, efforts and
recommendations. Ann Med Surg. 2022;78:103873.

21. Ramírez IJ, Lee J. Deconstructing the spatial effects of el niño and

vulnerability on cholera rates in Peru: wavelet and GIS analyses.
Spat Spatiotemporal Epidemiol. 2022;40:100474.

22. ECDC. Cholera—Multi‐country (World)—Monitoring Global Out-
breaks. Communicable Disease Threats Report. 2022. https://
www.ecdc.europa.eu/en/publications-data/communicable-
disease-threats-report-18-24-december-2022-week-51

23. Patwary MM, Browning MHEM, Rodriguez‐Morales AJ. War in the
time of COVID‐19 crisis: a public health emergency in Ukraine.

Prehosp Disaster Med. 2022;37(4):568‐569.
24. Baragona S. Officials Warn of Cholera Outbreak in Mariupol. 2022.

https://www.voanews.com/a/officials-warn-of-cholera-outbreak-
in-mariupol-/6612498.html

25. Tobias B. Cholera in Mariupol: Ruined City at Risk of Major Cholera

Outbreak—UK. BBC News. 2022.

26. World Health Organization. Cholera—Global Situation. 2022.
https://www.who.int/emergencies/disease-outbreak-news/item/
2022-DON426

27. Chowdhury F, Ross AG, Islam MT, McMillan NAJ, Qadri F.
Diagnosis, management, and future control of cholera. Clin

Microbiol Rev. 2022;35(3):e00211‐21.

28. WHO Regional Office for Africa. Weekly Bulletin on Outbreak and

Other Emergencies: Week 4: 16–22 January 2023. 2023. https://
apps.who.int/iris/handle/10665/365707

29. WHO Regional Office for Africa. Weekly Bulletin on Outbreak and
Other Emergencies: Week 47: 14–20 November 2022. 2022.
https://apps.who.int/iris/handle/10665/364717

30. ReliefWeb. Weekly Cholera/AWD Situation Report—Somalia, Epi-

demiological Week 52 (26 December 2022—1 January 2023)—
Somalia. 2022. https://reliefweb.int/report/somalia/weekly-
choleraawd-situation-report-somalia-epidemiological-week-52-26-

december-2022-1-january-2023
31. NICD. Cholera Outbreak in South Africa—The National Institute for

Communicable Diseases. 2023. https://www.nicd.ac.za/cholera-
outbreak-in-south-africa-30-march-2023/#:~:text=In%20total%2C

16 of 21 | AHMED ET AL.

https://biorender.com
https://www.mapchart.net/
https://www.mapchart.net/
http://orcid.org/0000-0002-5134-1089
http://orcid.org/0009-0005-0766-3055
https://www.iranintl.com/en/202207115448
https://www.voanews.com/a/cameroon-struggling-to-contain-deadly-cholera-outbreak/6435596.html
https://www.voanews.com/a/cameroon-struggling-to-contain-deadly-cholera-outbreak/6435596.html
https://www.ecdc.europa.eu/en/publications-data/communicable-disease-threats-report-18-24-december-2022-week-51
https://www.ecdc.europa.eu/en/publications-data/communicable-disease-threats-report-18-24-december-2022-week-51
https://www.ecdc.europa.eu/en/publications-data/communicable-disease-threats-report-18-24-december-2022-week-51
https://www.voanews.com/a/officials-warn-of-cholera-outbreak-in-mariupol-/6612498.html
https://www.voanews.com/a/officials-warn-of-cholera-outbreak-in-mariupol-/6612498.html
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON426
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON426
https://apps.who.int/iris/handle/10665/365707
https://apps.who.int/iris/handle/10665/365707
https://apps.who.int/iris/handle/10665/364717
https://reliefweb.int/report/somalia/weekly-choleraawd-situation-report-somalia-epidemiological-week-52-26-december-2022-1-january-2023
https://reliefweb.int/report/somalia/weekly-choleraawd-situation-report-somalia-epidemiological-week-52-26-december-2022-1-january-2023
https://reliefweb.int/report/somalia/weekly-choleraawd-situation-report-somalia-epidemiological-week-52-26-december-2022-1-january-2023
https://www.nicd.ac.za/cholera-outbreak-in-south-africa-30-march-2023/#:~:text=In%20total,%2010%20confirmed%20cholera,from%2010%20to%2050%20years
https://www.nicd.ac.za/cholera-outbreak-in-south-africa-30-march-2023/#:~:text=In%20total,%2010%20confirmed%20cholera,from%2010%20to%2050%20years


%2010%20confirmed%20cholera,from%2010%20to%2050%
20years

32. ReliefWeb. Whole of Syria Cholera Outbreak Situation Report no.
11 Issued 15 January 2023—Syrian Arab Republic. 2023. https://

reliefweb.int/report/syrian-arab-republic/whole-syria-cholera-
outbreak-situation-report-no-11-issued-15-january-2023

33. ReliefWeb. Lebanon Cholera Outbreak Situation Report No. 8. 18
January 2023—Lebanon. https://reliefweb.int/report/lebanon/
lebanon-cholera-outbreak-situation-report-no-8-18-january-2023

34. ReliefWeb. UNICEF Yemen Humanitarian Situation Report. 31
August 2022 [EN/AR]—Yeme. 2023. https://reliefweb.int/report/
yemen/unicef-yemen-humanitarian-situation-report-31-august-
2022-enar

35. ReliefWeb. Iraq: Cholera Epidemic—DREF No. MDRIQ015 Opera-

tion update No. 1; 1 December 2022—Iraq. 2022. https://
reliefweb.int/report/iraq/iraq-cholera-epidemic-dref-ndeg-
mdriq015-operation-update-ndeg-1-01-december-2022

36. Shimada T, Sakazaki R. Additional serovars and inter‐o antigenic
relationships of Vibrio cholerae. Jpn J Med Sci Biol. 1977;30(5):

275‐277.
37. Sakazaki R, Shimada T. Serovars of Vibrio cholerae identified during

1970‐1975. Jpn J Med Sci Biol. 1977;30(5):279‐282.
38. Shimada T, Arakawa E, Itoh K, et al. Extended serotyping scheme

for Vibrio cholerae. Curr Microbiol. 1994;28(3):175‐178.
39. Banerjee R, Das B, Balakrish Nair G, Basak S. Dynamics in genome

evolution of Vibrio cholerae. Infect Genet Evol. 2014;23:32‐41.
40. Kaper JB, Morris JG, Levine MM. Cholera. Clin Microbiol Rev.

1995;8(1):48‐86.
41. Wong KK, Burdette E, Mahon BE, Mintz ED, Ryan ET, Reingold AL.

Recommendations of the advisory committee on immunization
practices for use of cholera vaccine. Morb Mortal Wkly Rep.
2017;66(18):482‐485.

42. Kuna A, Gajewski M. Cholera—the new strike of an old foe. Int

Marit Health. 2017;68(3):163‐167.
43. Nishiura H, Tsuzuki S, Yuan B, Yamaguchi T, Asai Y. Transmission

dynamics of cholera in Yemen, 2017: a real time forecasting. Theor
Biol Med Modell. 2017;14(1):14.

44. Malaeb D, Sallam M, Younes S, et al. Knowledge, attitude, and

practice in a sample of the Lebanese population regarding cholera.
Int J Environ Res Public Health. 2022;19(23):16243.

45. WHO. WHO Warns of Deadly Cholera Outbreak in Lebanon as
Cases Increase. 2022. https://www.emro.who.int/lbn/lebanon-

news/who-warns-of-deadly-cholera-outbreak-in-lebanon-as-
cases-increase.html

46. Rabaan AA. Cholera: an overview with reference to the Yemen
epidemic. Front Med. 2019;13(2):213‐228.

47. Das B, Halder K, Pal P, Bhadra RK. Small chromosomal integration

site of classical CTX prophage in Mozambique Vibrio cholerae O1
biotype el tor strain. Arch Microbiol. 2007;188(6):677‐683.

48. Faruque SM, Tam VC, Chowdhury N, et al. Genomic analysis of the
Mozambique strain of Vibrio cholerae O1 reveals the origin of el tor
strains carrying classical CTX prophage. Proc Natl Acad Sci USA.

2007;104(12):5151‐5156.
49. Deshayes S, Daurel C, Cattoir V, Parienti JJ, Quilici ML,

de La Blanchardière A. Non‐O1, non‐O139 Vibrio cholerae

bacteraemia: case report and literature review. SpringerPlus.
2015;4(1):575.

50. Ottaviani D, Leoni F, Rocchegiani E, et al. Prevalence and virulence
properties of non‐O1 non‐O139 Vibrio cholerae strains from
seafood and clinical samples collected in Italy. Int J Food

Microbiol. 2009;132(1):47‐53.
51. Chatterjee S, Ghosh K, Raychoudhuri A, et al. Incidence, virulence

factors, and clonality among clinical strains of non‐O1, non‐O139
Vibrio cholerae isolates from hospitalized diarrheal patients in
kolkata, India. J Clin Microbiol. 2009;47(4):1087‐1095.

52. O'Shea YA, Reen FJ, Quirke AM, Boyd EF. Evolutionary genetic
analysis of the emergence of epidemic Vibrio cholerae isolates
on the basis of comparative nucleotide sequence analysis and
multilocus virulence gene profiles. J Clin Microbiol. 2004;42(10):

4657‐4671.
53. Aldová E, Láznicková K, Stĕpánková E, Lietava J. Isolation of

nonagglutinable vibrios from an enteritis outbreak in czechoslova-
kia. J Infect Dis. 1968;118:25‐31.

54. Rahaman MH, Islam T, Colwell RR, Alam M. Molecular tools in

understanding the evolution of Vibrio cholerae. Front Microbiol.
2015;6:1040.

55. Zmeter C, Tabaja H, Sharara AI, Kanj SS. Non‐O1, non‐O139 Vibrio

cholerae septicemia at a tertiary care center in Beirut, Lebanon; a
case report and review. J Infect Public Health. 2018;11(5):601‐604.

56. Blake F. Vibrio Cholerae and Cholera: Molecular to Global Perspec-

tives. American Society for Microbiology; 1994.
57. Dziejman M, Balon E, Boyd D, Fraser CM, Heidelberg JF,

Mekalanos JJ. Comparative genomic analysis of Vibrio cholerae:
genes that correlate with cholera endemic and pandemic disease.

Proc Natl Acad Sci USA. 2002;99(3):1556‐1561.
58. Luquero FJ, Rondy M, Boncy J, et al. Mortality rates during cholera

epidemic, Haiti, 2010–2011. Emerging Infect Dis. 2016;22(3):
410‐416.

59. Eppinger M, Pearson T, Koenig SSK, et al. Genomic epidemiology
of the Haitian cholera outbreak: a single introduction followed by
rapid, extensive, and continued spread characterized the onset of
the epidemic. mBio. 2014;5(6):e01721‐14.

60. Nsagha DS, Atashili J, Fon PN, Tanue EA, Ayima CW, Kibu OD.

Assessing the risk factors of cholera epidemic in the buea health
district of Cameroon. BMC Public Health. 2015;15(1):1128.

61. Naseer M, Jamali T. Epidemiology, determinants and dynamics of
cholera in Pakistan: gaps and prospects for future research. J Coll
Physicians Surg Pak. 2014;24(11):855‐860.

62. Siriphap A, Leekitcharoenphon P, Kaas RS, et al. Characterization
and genetic variation of Vibrio cholerae isolated from clinical and
environmental sources in Thailand. PLoS One. 2017;12(1):
e0169324.

63. Li BS, Xiao Y, Wang DC, et al. Genetic relatedness of selected

clinical Vibrio cholerae O139 isolates from the Southern coastal
area of China over a 20‐year period. Epidemiol Infect. 2016;144(12):
2679‐2687.

64. Chowdhury F, Mather AE, Begum YA, et al. Vibrio cholerae

serogroup O139: isolation from cholera patients and asymptomatic
household family members in Bangladesh between 2013 and 2014.
PLoS Neglected Trop Dis. 2015;9(11):e0004183.

65. Ramamurthy T, Pragasam AK, Taylor‐Brown A, et al. Vibrio cholerae

O139 genomes provide a clue to why it may have failed to usher in

the eighth cholera pandemic. Nat Commun. 2022;13(1):3864.
66. Pollitzer R. Cholera: with A Chapter on World Incidence. World

Health Organization; 1959.
67. Balows A. Wachsmuth IK, Blake PA, Olsvik O, eds. Vibrio cholerae

and Cholera: Molecular to Global Perspectives. ASM Press; 1994:465.

68. Faruque SM, Albert MJ, Mekalanos JJ. Epidemiology, genetics, and
ecology of toxigenic Vibrio cholerae. Microbiol Mol Biol Rev.
1998;62(4):1301‐1314.

69. Cvjetanovic B, Barua D. The seventh pandemic of cholera. Nature.
1972;239(5368):137‐138.

70. Organization WH. Cholera in Peru: update, May 1991. Wkly

Epidemiol Rec. 1991;66(20):141‐145.
71. Langa JP, Sema C, De Deus N, Colombo MM, Taviani E. Epidemic

waves of cholera in the last two decades in Mozambique. J Infect

Dev Ctries. 2015;9(06):635‐641.
72. Weill F‐X, Domman D, Njamkepo E, et al. Genomic history of the

seventh pandemic of cholera in Africa. Science. 2017;358(6364):
785‐789.

AHMED ET AL. | 17 of 21

https://www.nicd.ac.za/cholera-outbreak-in-south-africa-30-march-2023/#:~:text=In%20total,%2010%20confirmed%20cholera,from%2010%20to%2050%20years
https://www.nicd.ac.za/cholera-outbreak-in-south-africa-30-march-2023/#:~:text=In%20total,%2010%20confirmed%20cholera,from%2010%20to%2050%20years
https://reliefweb.int/report/syrian-arab-republic/whole-syria-cholera-outbreak-situation-report-no-11-issued-15-january-2023
https://reliefweb.int/report/syrian-arab-republic/whole-syria-cholera-outbreak-situation-report-no-11-issued-15-january-2023
https://reliefweb.int/report/syrian-arab-republic/whole-syria-cholera-outbreak-situation-report-no-11-issued-15-january-2023
https://reliefweb.int/report/lebanon/lebanon-cholera-outbreak-situation-report-no-8-18-january-2023
https://reliefweb.int/report/lebanon/lebanon-cholera-outbreak-situation-report-no-8-18-january-2023
https://reliefweb.int/report/yemen/unicef-yemen-humanitarian-situation-report-31-august-2022-enar
https://reliefweb.int/report/yemen/unicef-yemen-humanitarian-situation-report-31-august-2022-enar
https://reliefweb.int/report/yemen/unicef-yemen-humanitarian-situation-report-31-august-2022-enar
https://reliefweb.int/report/iraq/iraq-cholera-epidemic-dref-ndeg-mdriq015-operation-update-ndeg-1-01-december-2022
https://reliefweb.int/report/iraq/iraq-cholera-epidemic-dref-ndeg-mdriq015-operation-update-ndeg-1-01-december-2022
https://reliefweb.int/report/iraq/iraq-cholera-epidemic-dref-ndeg-mdriq015-operation-update-ndeg-1-01-december-2022
https://www.emro.who.int/lbn/lebanon-news/who-warns-of-deadly-cholera-outbreak-in-lebanon-as-cases-increase.html
https://www.emro.who.int/lbn/lebanon-news/who-warns-of-deadly-cholera-outbreak-in-lebanon-as-cases-increase.html
https://www.emro.who.int/lbn/lebanon-news/who-warns-of-deadly-cholera-outbreak-in-lebanon-as-cases-increase.html


73. Weill F‐X, Domman D, Njamkepo E, et al. Genomic insights into the
2016–2017 cholera epidemic in Yemen. Nature. 2019;565(7738):
230‐233.

74. Nair GB, Faruque SM, Bhuiyan NA, Kamruzzaman M, Siddique AK,

Sack DA. New variants of Vibrio cholerae O1 biotype el tor with
attributes of the classical biotype from hospitalized patients with
acute diarrhea in Bangladesh. J Clin Microbiol. 2002;40(9):
3296‐3299.

75. Nair GB, Qadri F, Holmgren J, et al. Cholera due to altered el tor

strains of Vibrio cholerae O1 in Bangladesh. J Clin Microbiol.
2006;44(11):4211‐4213.

76. Safa A, Bhuyian NA, Nusrin S, et al. Genetic characteristics of
matlab variants of Vibrio cholerae O1 that are hybrids between
classical and el tor biotypes. J Med Microbiol. 2006;55(11):

1563‐1569.
77. Charnley GEC, Kelman I, Murray KA. Drought‐related cholera

outbreaks in Africa and the implications for climate change: a
narrative review. Pathog Glob Health. 2022;116(1):3‐12.

78. Alela AA. Epidemic Makes a Comeback: Why Is Cholera Spreading

Globally. 2022. https://www.interregional.com/en/epidemic-
makes-a-comeback/

79. Ajayi A, Smith SI. Recurrent cholera epidemics in Africa: which way
forward? A literature review. Infection. 2019;47(3):341‐349.

80. WHO. Cholera—Global Situation. 2022. https://www.who.int/
emergencies/disease-outbreak-news/item/2022-DON426

81. Uwishema O, Okereke M, Onyeaka H, et al. Threats and outbreaks
of cholera in Africa amidst COVID‐19 pandemic: a double burden
on Africa's health systems. Trop Med Health. 2021;49(1):93.

82. Shahinian ML, Passaro DJ, Swerdlow DL, Mintz ED, Rodriguez M,
Parsonnet J. Helicobacter pylori and epidemic Vibrio cholerae 01
infection in Peru. Lancet. 2000;355(9201):377‐378.

83. Klein PD, Graham DY, Gaillour A, Opekun AR, Smith EO. Water
source as risk factor for Helicobacter pylori infection in Peruvian

children. gastrointestinal physiology working group. Lancet.
1991;337(8756):1503‐1506.

84. Mandour S, Abdelmohsen A, Medhat M, et al. Virulence profile of
Helicobacter pylori detected in gastric biopsies of patients under-
going endoscopy in upper Egypt. Bull Pharm Sci Assiut Univ.

2021;44(1):213‐224.
85. Clemens J, Albert MJ, Rao M, et al. Impact of infection by

Helicobacter pylori on the risk and severity of endemic cholera.
J Infect Dis. 1995;171(6):1653‐1656.

86. UNHCR. Syria Situation. 2023. https://reporting.unhcr.org/
syriasituation

87. Perez‐Saez J, Lessler J, Lee EC, et al. The seasonality of cholera in
sub‐saharan Africa: a statistical modelling study. Lancet Glob

Health. 2022;10(6):e831‐e839.
88. Asadgol Z, Badirzadeh A, Niazi S, et al. How climate change can

affect cholera incidence and prevalence? A systematic review.
Environ Sci Pollut Res Int. 2020;27:34906‐34926.

89. Luque Fernández MA, Bauernfeind A, Jiménez JD, Gil CL,
El Omeiri N, Guibert DH. Influence of temperature and rainfall

on the evolution of cholera epidemics in Lusaka, Zambia,
2003–2006: analysis of a time series. Trans R Soc Trop Med Hyg.
2009;103(2):137‐143.

90. Hashizume M, Armstrong B, Hajat S, et al. The effect of rainfall on
the incidence of cholera in Bangladesh. Epidemiology. 2008;19(1):

103‐110.
91. Hashizume M, Faruque AS, Wagatsuma Y, Hayashi T, Armstrong B.

Cholera in Bangladesh: climatic components of seasonal variation.
Epidemiology. 2010;21:706‐710.

92. Reyburn R, Kim DR, Emch M, Khatib A, von Seidlein L, Ali M.
Climate variability and the outbreaks of cholera in zanzibar, east
Africa: a time series analysis. Am J Trop Med Hyg. 2011;84(6):
862‐869.

93. Trærup SL, Ortiz RA, Markandya A. The costs of climate change: a
study of cholera in Tanzania. Int J Environ Res Public Health.
2011;8(12):4386‐4405.

94. Shukla PR, Skeg J, Buendia EC, et al. IPCC: Climate Change and

Land: an IPCC Special Report on Climate Change, Desertifica-
tion, Land Degradation, Sustainable Land Management, Food
Security, and Greenhouse Gas Fluxes in Terrestrial Ecosys-
tems. 2019.

95. Charnley G, Kelman I, Murray KA. Drought‐related cholera

outbreaks in Africa and the implications for climate change: a
narrative review. Pathog Glob Health. 2022;116(1):3‐12.

96. Olago D, Marshall M, Wandiga SO, et al. Climatic, socio‐economic,
and health factors affecting human vulnerability to cholera in the
lake Victoria basin, east Africa. Ambio. 2007;36(4):350‐358.

97. Rebaudet S, Sudre B, Faucher B, Piarroux R. Environmental
determinants of cholera outbreaks in inland Africa: a systematic
review of main transmission foci and propagation routes. J Infect

Dis. 2013;208(Suppl_1):S46‐S54.
98. Rieckmann A, Tamason CC, Gurley ES, Rod NH, Jensen P. Exploring

droughts and floods and their association with cholera outbreaks in
sub‐saharan Africa: a register‐based ecological study from 1990 to
2010. Am J Trop Med Hyg. 2018;98(5):1269‐1274.

99. Akanda AS, Jutla AS, Alam M, et al. Hydroclimatic influences on

seasonal and spatial cholera transmission cycles: implications for
public health intervention in the bengal delta. Water Resour Res.
2011;47(3):W00H07.

100. Christaki E, Dimitriou P, Pantavou K, Nikolopoulos GK. The impact
of climate change on cholera: a review on the global status and

future challenges. Atmosphere. 2020;11(5):449.
101. Ramírez IJ. Cholera in a Time of El Nino and Vulnerability in Piura,

Peru: A Climate Affairs Approach. Michigan State University;
2014.

102. Ramírez IJ. Cholera resurgence in piura, Peru: examining climate

associations during the 1997–1998 el niño. GeoJournal. 2015;80(1):
129‐143.

103. Pascual M, Rodó X, Ellner SP, Colwell R, Bouma MJ. Cholera
dynamics and el Niño‐Southern oscillation. Science. 2000;
289(5485):1766‐1769.

104. WHO. WHO Coronavirus (COVID‐19) Dashboard With Vaccina-
tion Data. 2023. https://covid19.who.int/

105. Paul E, Brown GW, Ridde V. COVID‐19: time for paradigm shift in
the nexus between local, national and global health. BMJ Glob

Health. 2020;5(4):e002622.
106. Shrestha AB, Khatroth S, Malreddy A, Issa FA, Shrestha S,

Shrestha S. Cholera amid COVID‐19: call from three nations; India,
Bangladesh, and Nepal. Ann Med Surg. 2022;84:104936.

107. Weil AA, Khan AI, Chowdhury F, et al. Clinical outcomes in

household contacts of patients with cholera in Bangladesh. Clin
Infect Dis. 2009;49(10):1473‐1479.

108. Cash RA, Music SI, Libonati JP, Snyder MJ, Wenzel RP, Hornick RB.
Response of man to infection with Vibrio cholerae. I. clinical,
serologic, and bacteriologic responses to a known inoculum. J Infect

Dis. 1974;129(1):45‐52.
109. Hornick RB, Music SI, Wenzel R, et al. The broad street pump

revisited: response of volunteers to ingested cholera vibrios. Bull
N Y Acad Med. 1971;47(10):1181‐1191.

110. Oseasohn R, Ahmad S, Islam MA, Rahman ASMM. Clinical and

bacteriological findings among families of cholera patients. The

Lancet. 1966;287(7433):340‐342.
111. Harris JB, Ivers LC, Ferraro MJ. Case 19‐2011: a 4‐year‐old Haitian

boy with vomiting and diarrhea. N Engl J Med. 2011;364(25):

2452‐2461.
112. Hirschhorn N, Kinzie JL, Sachar DB, et al. Decrease in net stool

output in cholera during intestinal perfusion with glucose‐
containing solutions. N Engl J Med. 1968;279(4):176‐181.

18 of 21 | AHMED ET AL.

https://www.interregional.com/en/epidemic-makes-a-comeback/
https://www.interregional.com/en/epidemic-makes-a-comeback/
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON426
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON426
https://reporting.unhcr.org/syriasituation
https://reporting.unhcr.org/syriasituation
https://covid19.who.int/


113. Pierce NF, Banwell JG, Mitra RC, et al. Controlled comparison of
tetracycline and furazolidone in cholera. BMJ. 1968;3(5613):
277‐280.

114. LaRocque R, Harris JB 2023. Cholera: Clinical Features, Diagnosis,

Treatment, and Prevention—UpToDate. 2023. https://www.
uptodate.com/contents/cholera-clinical-features-diagnosis-
treatment-and-prevention

115. Centers for Disease Control and Prevention (CDC). Update:
outbreak of cholera—Haiti, 2010. Morb Mortal Wkly Rep.

2010;59(48):1586‐1590.
116. Bennish ML, Calderwood SB, Salam MA, et al. Mortality, morbidity,

and microbiology of endemic cholera among hospitalized patients
in Dhaka, Bangladesh. Am J Trop Med Hyg. 2000;63(1‐2):12‐20.

117. Mukhopadhyay AK, Takeda Y, Balakrish Nair G. Cholera outbreaks

in the El Tor biotype era and the impact of the New El Tor variants.
In: Nair GB, Takeda Y, eds. Cholera Outbreaks. Springer Berlin
Heidelberg; 2014:17‐47.

118. McEntire CRS, Song KW, McInnis RP, et al. Neurologic manifesta-
tions of the world health organization's list of pandemic and

epidemic diseases. Front Neurol. 2021;12:634827.
119. Liou C, Lui C, Cheng M. A case of intracerebral abscess caused by

non‐O1 Vibrio cholerae. Eur J Clin Microbiol Infect Dis. 2001;20(9):
678‐680.

120. Kerketta JA, Paul AC, Kirubakaran VB, Jesudason MV, Moses PD.
Non‐01 Vibrio cholerae septicemia and meningitis in a neonate.
Indian J Pediatr. 2002;69:909‐910.

121. Khan AI, Chowdhury F, Leung DT, et al. Cholera in pregnancy:
clinical and immunological aspects. Int J Infect Dis. 2015;39:20‐24.

122. Tran NT, Taylor R, Antierens A, Staderini N. Cholera in pregnancy: a
systematic review and meta‐analysis of fetal, neonatal, and
maternal mortality. PLoS One. 2015;10(7):e0132920.

123. Ahmed AK, Sijercic VC, Sayad R, et al. Risks and preventions for
pregnant women and their preterm infants in a world with COVID‐19:
a narrative review. Vaccines. 2023;11(3):640.

124. Sako FB, Traoré FA, Camara MK, Sylla M, Bangoura EF, Baldé O.
Cholera in pregnant women: the 2012 epidemic at the reference
center at the donka national hospital in Conakry. Med Sante Trop.
2016;26(2):199‐202.

125. Azman AS, Rudolph KE, Cummings DAT, Lessler J. The incubation
period of cholera: a systematic review. J Infect. 2013;66(5):
432‐438.

126. Ramamurthy T, Das B, Chakraborty S, Mukhopadhyay AK,

Sack DA. Diagnostic techniques for rapid detection of Vibrio

cholerae O1/O139. Vaccine. 2020;38(Suppl 1):A73‐A82.
127. Kay BA, Bopp CA, Wells JG. Isolation and identification of Vibrio

cholerae O1 from fecal specimens. Vibrio cholerae and Cholera:
Molecular To Global Perspectives. 1994:1‐25.

128. Keddy KH, Sooka A, Parsons MB, Njanpop‐Lafourcade BM,
Fitchet K, Smith AM. Diagnosis of Vibrio cholerae O1 infection in
Africa. J Infect Dis. 2013;208(Suppl 1):S23‐S31.

129. Sharmila T, Thomas TA. Pathogenesis of cholera: recent prospec-
tives in rapid detection and prevention of cholera. Bacterial

Pathogenesis and Antibacterial Control. 2018.
130. GTFCC. Interim Technical Note. The Use of Cholera Rapid

Diagnostic Tests. GTFCC Surveillance Laboratory Working
Group. 2016. https://www.gtfcc.org/wp-content/uploads/2019/
10/gtfcc-interim-use-of-cholera-rapid-diagnostic-tests.pdf

131. Ontweka LN, Deng LO, Rauzier J, et al. Cholera rapid test with
enrichment step has diagnostic performance equivalent to culture.
PLoS One. 2016;11(12):e0168257.

132. Bwire G, Orach CG, Abdallah D, et al. Alkaline peptone water

enrichment with a dipstick test to quickly detect and monitor
cholera outbreaks. BMC Infect Dis. 2017;17(1):726.

133. Chowdhury G, Senapati T, Das B, et al. Laboratory evaluation of
the rapid diagnostic tests for the detection of Vibrio cholerae O1

using diarrheal samples. PLoS Neglected Trop Dis. 2021;15(6):
e0009521.

134. Kalluri P, Naheed A, Rahman S, et al. Evaluation of three rapid
diagnostic tests for cholera: does the skill level of the technician

matter? Trop Med Int Health. 2006;11(1):49‐55.
135. Falconer J, Diaconu K, O'May F, et al. Cholera diagnosis in human

stool and detection in water: a systematic review and meta‐
analysis. PLoS One. 2022;17(7):e0270860.

136. Sayeed MA, Islam K, Hossain M, et al. Development of a new

dipstick (Cholkit) for rapid detection of Vibrio cholerae O1 in acute
watery diarrheal stools. PLoS Neglected Trop Dis. 2018;12(3):
e0006286.

137. icddr,b Develops Rapid Diagnostic Test Kit for Cholera. The Daily
Star. 2019. https://www.thedailystar.net/health/icddrb-develop-

law-cost-rapid-diagnostic-test-kit-for-cholera-disease-1714078
138. Debes AK, Murt KN, Waswa E, et al. Laboratory and field

evaluation of the crystal VC‐O1 cholera rapid diagnostic test. Am
J Trop Med Hyg. 2021;104(6):2017‐2023.

139. Mwaba J, Ferreras E, Chizema‐Kawesa E, et al. Evaluation of the

SD bioline cholera rapid diagnostic test during the 2016 cholera
outbreak in Lusaka, Zambia. Trop Med Int Health. 2018;23(8):
834‐840.

140. Hasan JAK, Bernstein D, Huq A, Loomis L, Tamplin ML, Colwell RR.

Cholera DFA: an improved direct fluorescent monoclonal antibody
staining kit for rapid detection and enumeration of Vibrio cholerae

O1. FEMS Microbiol Lett. 1994;120(1‐2):143‐148.
141. Nato F, Boutonnier A, Rajerison M, et al. One‐step immunochromato-

graphic dipstick tests for rapid detection of Vibrio cholerae O1 and

O139 in stool samples. Clin Vaccine Immunol. 2003;10(3):476‐478.
142. Matias WR, Julceus FE, Abelard C, et al. Laboratory evaluation of

immunochromatographic rapid diagnostic tests for cholera in Haiti.
PLoS One. 2017;12(11):e0186710.

143. Branscum AJ, Gardner IA, Johnson WO. Estimation of diagnostic‐
test sensitivity and specificity through Bayesian modeling. Prev Vet
Med. 2005;68(2‐4):145‐163.

144. FDA. VAXCHORA. FDA. 2022. https://www.fda.gov/vaccines-
blood-biologics/vaccines/vaxchora

145. VALNEVA. Valneva Canada—DUKORAL® & IXIARO® vaccines,

KamRABTM. 2022. https://www.valneva.ca/en/
146. WHO. Prequalification of medical products (IVDs, medicines, vaccines

and immunization devices, vector control), Shanchol. [cited February
2, 2023]. https://extranet.who.int/pqweb/content/shanchol

147. WHO. Prequalification of medical products (IVDs, medicines, vaccines

and immunization devices, vector control), Euvichol‐Plus. [cited
February 2, 2023]. https://extranet.who.int/pqweb/content/
euvichol—plus

148. RxList. Vaxchora (Cholera Vaccine, Live, for Oral Administration):

Uses, Dosage, Side Effects, Interactions, Warning. 2022. https://
www.rxlist.com/vaxchora-drug.htm

149. Dukoral, INN‐Cholera Vaccine (Inactivated Oral). 2022. https://
www.ema.europa.eu/en/documents/product-information/
dukoral-epar-product-information_en.pdf

150. Song KR, Lim JK, Park SE, et al. Oral cholera vaccine efficacy and
effectiveness. Vaccines. 2021;9(12):1482.

151. Gabutti G, Rossanese A, Tomasi A, et al. Cholera, the current status
of cholera vaccines and recommendations for travellers. Vaccines.
2020;8(4):606.

152. Lopez AL, Gonzales MLA, Aldaba JG, Nair GB. Killed oral cholera
vaccines: history, development and implementation challenges.
Ther Adv Vaccines. 2014;2(5):123‐136.

153. CDC. CDC—Cholera—Vibrio cholerae Infection. Vaccines. 2023.

https://www.cdc.gov/cholera/vaccines.html
154. MedScape. Vaxchora (Cholera Vaccine) Dosing, Indications, Inter-

actions, Adverse Effects, and More. 2021. https://reference.
medscape.com/drug/vaxchora-cholera-vaccine-1000082

AHMED ET AL. | 19 of 21

https://www.uptodate.com/contents/cholera-clinical-features-diagnosis-treatment-and-prevention
https://www.uptodate.com/contents/cholera-clinical-features-diagnosis-treatment-and-prevention
https://www.uptodate.com/contents/cholera-clinical-features-diagnosis-treatment-and-prevention
https://www.gtfcc.org/wp-content/uploads/2019/10/gtfcc-interim-use-of-cholera-rapid-diagnostic-tests.pdf
https://www.gtfcc.org/wp-content/uploads/2019/10/gtfcc-interim-use-of-cholera-rapid-diagnostic-tests.pdf
https://www.thedailystar.net/health/icddrb-develop-law-cost-rapid-diagnostic-test-kit-for-cholera-disease-1714078
https://www.thedailystar.net/health/icddrb-develop-law-cost-rapid-diagnostic-test-kit-for-cholera-disease-1714078
https://www.fda.gov/vaccines-blood-biologics/vaccines/vaxchora
https://www.fda.gov/vaccines-blood-biologics/vaccines/vaxchora
https://www.valneva.ca/en/
https://extranet.who.int/pqweb/content/shanchol
https://extranet.who.int/pqweb/content/euvichol-plus
https://extranet.who.int/pqweb/content/euvichol-plus
https://www.rxlist.com/vaxchora-drug.htm
https://www.rxlist.com/vaxchora-drug.htm
https://www.ema.europa.eu/en/documents/product-information/dukoral-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/dukoral-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/dukoral-epar-product-information_en.pdf
https://www.cdc.gov/cholera/vaccines.html
https://reference.medscape.com/drug/vaxchora-cholera-vaccine-1000082
https://reference.medscape.com/drug/vaxchora-cholera-vaccine-1000082


155. Shaikh H, Lynch J, Kim J, Excler JL. Current and future cholera
vaccines. Vaccine. 2020;38(Suppl 1):A118‐A126.

156. Mosley JF, Smith LL, Brantley P, Locke D, Como M. Vaxchora: the
first FDA‐approved cholera vaccination in the United States. P T.

2017;42(10):638‐640.
157. Cholera—IVI. International Vaccine Institute. 2022. https://www.

ivi.int/what-we-do/disease-areas/cholera/
158. Summary of Product Characteristics. Shanchol (Oral cholera

vaccine). Shantha, Sanofi Company. 2023. https://fdaghana.gov.

gh/img/smpc/Shanchol.pdf
159. Vaxchora. European Medicines Agency. 2020. https://www.ema.

europa.eu/en/medicines/human/EPAR/vaxchora#authorisation-
details-section

160. EMA. Annex I: (Vaxchora). 2021. https://www.ema.europa.eu/en/

documents/product-information/vaxchora-epar-product-
information_en.pdf

161. Saluja T, Mogasale VV, Excler JL, Kim JH, Mogasale V. An overview
of Vaxchora(TM), a live attenuated oral cholera vaccine. Hum

Vaccines Immunother. 2020;16(1):42‐50.
162. McCarty JM, Lock MD, Hunt KM, Simon JK, Gurwith M. Safety and

immunogenicity of single‐dose live oral cholera vaccine strain CVD
103‐HgR in healthy adults age 18‐45. Vaccine. 2018;36(6):
833‐840.

163. EMEA. Dukoral, INN—Oral Cholera vaccine. 2003. https://www.
ema.europa.eu/en/documents/scientific-discussion/dukoral-epar-
scientific-discussion_en.pdf

164. Sirskyj D, Kumar A, Azizi A. Mechanisms underlying the immune
response generated by an oral Vibrio cholerae vaccine. Int J Mol Sci.

2016;17(7):1062.
165. Black RE, Levine MM, Clements ML, Young CR, Svennerholm AM,

Holmgren J. Protective efficacy in humans of killed whole‐vibrio
oral cholera vaccine with and without the B subunit of cholera
toxin. Infect Immun. 1987;55(5):1116‐1120.

166. Van Loon FP, Clemens JD, Chakraborty J, et al. Field trial of
inactivated oral cholera vaccines in Bangladesh: results from 5
years of follow‐up. Vaccine. 1996;14(2):162‐166.

167. Clemens JD, Harris JR, Sack DA, et al. Field trial of oral cholera
vaccines in Bangladesh: results of one year of follow‐up. J Infect

Dis. 1988;158(1):60‐69.
168. Clemens J, Sack D, Harris J, et al. Field trial of oral cholera vaccines

in Bangladesh. Lancet. 1986;2(8499):124‐127.
169. Sanchez JL, Vasquez B, Begue RE, et al. Protective efficacy of oral

whole‐cell/recombinant‐b‐subunit cholera vaccine in Peruvian
military recruits. Lancet. 1994;344(8932):1273‐1276.

170. Khatib AM, Ali M, von Seidlein L, et al. Effectiveness of an oral
cholera vaccine in zanzibar: findings from a mass vaccination
campaign and observational cohort study. Lancet Infect Dis.

2012;12(11):837‐844.
171. Routh JA, Sreenivasan N, Adhikari BB, et al. Cost evaluation of a

government‐conducted oral cholera vaccination Campaign‐Haiti,
2013. Am J Trop Med Hyg. 2017;97(4_suppl):S37‐S42.

172. Cavailler P, Lucas M, Perroud V, et al. Feasibility of a mass vaccination

campaign using a two‐dose oral cholera vaccine in an urban cholera‐
endemic setting in Mozambique. Vaccine. 2006;24(22):4890‐4895.

173. WHO. Immunization, Vaccines and Biologicals. 2022. https://
www.who.int/teams/immunization-vaccines-and-biologicals/
diseases/cholera

174. Sur D, Lopez AL, Kanungo S, et al. Efficacy and safety of a modified
killed‐whole‐cell oral cholera vaccine in India: an interim analysis of
a cluster‐randomised, double‐blind, placebo‐controlled trial. Lancet.
2009;374(9702):1694‐1702.

175. Bhattacharya SK, Sur D, Ali M, et al. 5 year efficacy of a bivalent
killed whole‐cell oral cholera vaccine in kolkata, India: a cluster‐
randomised, double‐blind, placebo‐controlled trial. Lancet Infect

Dis. 2013;13(12):1050‐1056.

176. Sur D, Kanungo S, Sah B, et al. Efficacy of a low‐cost, inactivated
whole‐cell oral cholera vaccine: results from 3 years of follow‐up of
a randomized, controlled trial. PLoS Neglected Trop Dis.
2011;5(10):1289.

177. Odevall L, Hong D, Digilio L, et al. The euvichol story—
development and licensure of a safe, effective, and affordable oral
cholera vaccine through global public private partnerships. Vaccine.
2018;36:6606‐6614.

178. Baik YO, Choi SK, Olveda RM, et al. A randomized, non‐inferiority
trial comparing two bivalent killed, whole cell, oral cholera vaccines
(Euvichol vs Shanchol) in the Philippines. Vaccine. 2015;33(46):
6360‐6365.

179. Haiti Receives First Shipment of Cholera Vaccines—PAHO/WHO.
Pan American Health Organization. 2023. https://www.paho.org/

en/news/12-12-2022-haiti-receives-first-shipment-cholera-
vaccines

180. WHO. EMRO. 600 000 Doses of Cholera Vaccine Arrive in Lebanon
amidst Evolving Outbreak. Lebanon‐news. Lebanon. 2023. https://
www.emro.who.int/lbn/lebanon-news/600-000-doses-of-cholera-

vaccine-arrive-in-lebanon-amidst-evolving-outbreak.html
181. Aji A. Syria Receives Cholera Vaccines Ahead of Inoculation Drive.

AP News. 2022. https://apnews.com/article/health-syria-lebanon-
united-nations-damascus-69ff0bf44e8c60efb296de24f0cf79f3

182. Fleming M. Global Incidence of Cholera Is Declining. 2020. https://
www.contagionlive.com/view/global-incidence-of-cholera-is-declining

183. Cullinan K. No Short‐Term Solution To Cholera Vaccine Shortage—
But Preventive Vaccines May Stabilise Market—Health Policy
Watch. 2022.

184. Kupferschimidt K. Vaccines Are in Short Supply amid Global
Cholera Surge Science. AAAS. 2022.

185. Cholera Vaccine Shortage Forces Shift to One‐dose Regimen. UN
News. 2022. https://news.un.org/en/story/2022/10/1129672

186. WHO. Shortage of Cholera Vaccines Leads to Temporary Suspen-

sion of Two‐dose Strategy, as Cases Rise Worldwide. 2022.
https://www.who.int/news/item/19-10-2022-shortage-of-
cholera-vaccines-leads-to-temporary-suspension-of-two-dose-
strategy–as-cases-rise-worldwide

187. Leung T, Eaton J, Matrajt L. Optimizing one‐dose and two‐dose
cholera vaccine allocation in outbreak settings: a modeling study.
PLoS Neglected Trop Dis. 2022;16(4):e0010358.

188. FDA. CBER‐Regulated Products: Resolved Shortages. 2022.
https://www.fda.gov/vaccines-blood-biologics/safety-availability-

biologics/cber-regulated-products-resolved-shortages
189. Why the Global Cholera Vaccine Shortage Goes Unnoticed Despite

High Demand. Partners In Health. 2022. https://www.pih.org/
article/why-global-cholera-vaccine-shortage-goes-unnoticed-
despite-high-demand

190. Devi S. Cholera vaccines rationed amid global shortage. Lancet.
2022;400(10362):1502.

191. IVI. Biovac Signs Deal With IVI to Develop and Manufacture Oral
Cholera Vaccine for African and Global Markets. 2022. https://
www.ivi . int/biovac-signs-deal-with-ivi-to-develop-and-

manufacture-oral-cholera-vaccine-for-african-and-global-markets/
192. World Health Organization. Cholera. 2022. https://www.who.int/

news-room/fact-sheets/detail/cholera
193. Medicine San Frontier. Management of Cholera Epidemic. 2022.

https://medicalguidelines.msf.org/en/viewport/CHOL/english/5-3-

severe-dehydration-32409706.html?language_content_entity=en
194. Center for Disease Control and Prevention. Cholera. 2022. https://

www.cdc.gov/cholera/treatment/#print
195. Global Task Force on Cholera Control. Cholera Outbreak

Response. 2020. https://choleraoutbreak.org/book-page/section-
7-case-management-treatment-facilities#antibiotic

196. Gulumbe BH, Haruna UA, Almazan J, Ibrahim IH, Faggo AA,
Bazata AY. Combating the menace of antimicrobial resistance in

20 of 21 | AHMED ET AL.

https://www.ivi.int/what-we-do/disease-areas/cholera/
https://www.ivi.int/what-we-do/disease-areas/cholera/
https://fdaghana.gov.gh/img/smpc/Shanchol.pdf
https://fdaghana.gov.gh/img/smpc/Shanchol.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/vaxchora#authorisation-details-section
https://www.ema.europa.eu/en/medicines/human/EPAR/vaxchora#authorisation-details-section
https://www.ema.europa.eu/en/medicines/human/EPAR/vaxchora#authorisation-details-section
https://www.ema.europa.eu/en/documents/product-information/vaxchora-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vaxchora-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vaxchora-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/scientific-discussion/dukoral-epar-scientific-discussion_en.pdf
https://www.ema.europa.eu/en/documents/scientific-discussion/dukoral-epar-scientific-discussion_en.pdf
https://www.ema.europa.eu/en/documents/scientific-discussion/dukoral-epar-scientific-discussion_en.pdf
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/cholera
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/cholera
https://www.who.int/teams/immunization-vaccines-and-biologicals/diseases/cholera
https://www.paho.org/en/news/12-12-2022-haiti-receives-first-shipment-cholera-vaccines
https://www.paho.org/en/news/12-12-2022-haiti-receives-first-shipment-cholera-vaccines
https://www.paho.org/en/news/12-12-2022-haiti-receives-first-shipment-cholera-vaccines
https://www.emro.who.int/lbn/lebanon-news/600-000-doses-of-cholera-vaccine-arrive-in-lebanon-amidst-evolving-outbreak.html
https://www.emro.who.int/lbn/lebanon-news/600-000-doses-of-cholera-vaccine-arrive-in-lebanon-amidst-evolving-outbreak.html
https://www.emro.who.int/lbn/lebanon-news/600-000-doses-of-cholera-vaccine-arrive-in-lebanon-amidst-evolving-outbreak.html
https://apnews.com/article/health-syria-lebanon-united-nations-damascus-69ff0bf44e8c60efb296de24f0cf79f3
https://apnews.com/article/health-syria-lebanon-united-nations-damascus-69ff0bf44e8c60efb296de24f0cf79f3
https://www.contagionlive.com/view/global-incidence-of-cholera-is-declining
https://www.contagionlive.com/view/global-incidence-of-cholera-is-declining
https://news.un.org/en/story/2022/10/1129672
https://www.who.int/news/item/19-10-2022-shortage-of-cholera-vaccines-leads-to-temporary-suspension-of-two-dose-strategy--as-cases-rise-worldwide
https://www.who.int/news/item/19-10-2022-shortage-of-cholera-vaccines-leads-to-temporary-suspension-of-two-dose-strategy--as-cases-rise-worldwide
https://www.who.int/news/item/19-10-2022-shortage-of-cholera-vaccines-leads-to-temporary-suspension-of-two-dose-strategy--as-cases-rise-worldwide
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/cber-regulated-products-resolved-shortages
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/cber-regulated-products-resolved-shortages
https://www.pih.org/article/why-global-cholera-vaccine-shortage-goes-unnoticed-despite-high-demand
https://www.pih.org/article/why-global-cholera-vaccine-shortage-goes-unnoticed-despite-high-demand
https://www.pih.org/article/why-global-cholera-vaccine-shortage-goes-unnoticed-despite-high-demand
https://www.ivi.int/biovac-signs-deal-with-ivi-to-develop-and-manufacture-oral-cholera-vaccine-for-african-and-global-markets/
https://www.ivi.int/biovac-signs-deal-with-ivi-to-develop-and-manufacture-oral-cholera-vaccine-for-african-and-global-markets/
https://www.ivi.int/biovac-signs-deal-with-ivi-to-develop-and-manufacture-oral-cholera-vaccine-for-african-and-global-markets/
https://www.who.int/news-room/fact-sheets/detail/cholera
https://www.who.int/news-room/fact-sheets/detail/cholera
https://medicalguidelines.msf.org/en/viewport/CHOL/english/5-3-severe-dehydration-32409706.html?language_content_entity=en
https://medicalguidelines.msf.org/en/viewport/CHOL/english/5-3-severe-dehydration-32409706.html?language_content_entity=en
https://www.cdc.gov/cholera/treatment/#print
https://www.cdc.gov/cholera/treatment/#print
https://choleraoutbreak.org/book-page/section-7-case-management-treatment-facilities#antibiotic
https://choleraoutbreak.org/book-page/section-7-case-management-treatment-facilities#antibiotic


Africa: a review on stewardship, surveillance and diagnostic
strategies. Biol Proced Online. 2022;24(1):19.

197. Abdulrahim A, Adesola RO. Antimicrobial resistance in cholera: a
need for quick intervention in Nigeria, West Africa. Int J Travel Med

Glob Health. 2022;10(3):99‐103.
198. Dengo‐Baloi LC, Semá‐Baltazar CA, Manhique LV, Chitio JE,

Inguane DL, Langa JP. Antibiotics resistance in el tor Vibrio cholerae

01 isolated during cholera outbreaks in Mozambique from 2012 to
2015. PLoS One. 2017;12(8):e0181496.

199. Yuan X, Li Y, Vaziri AZ, et al. Global status of antimicrobial
resistance among environmental isolates of Vibrio cholerae O1/
O139: a systematic review and meta‐analysis. Antimicrob Resist

Infect Control. 2022;11(1):62.
200. Miwanda B, Moore S, Muyembe JJ, et al. Antimicrobial drug

resistance of Vibrio cholerae, democratic republic of the Congo.
Emerging Infect Dis. 2015;21(5):847‐851.

201. Eibach D, Herrera‐León S, Gil H, et al. Molecular epidemiology and
antibiotic susceptibility of Vibrio cholerae associated with a large
cholera outbreak in Ghana in 2014. PLoS Neglected Trop Dis.

2016;10:e0004751.
202. Sambe‐Ba B, Diallo MH, Seck A, et al. Identification of atypical

el tor V. cholerae O1 ogawa hosting SXT element in Senegal, Africa.
Front Microbiol. 2017;8:748.

203. Bhandare S, Colom J, Baig A, et al. Reviving phage therapy for the
treatment of cholera. J Infect Dis. 2019;219(5):786‐794.

204. Yassein Abed S, Alsakini AH, Habeeb Rasool K,
Qasim Mohammed S, Gatea Kaabi SA. Formulation of a novel

phage cocktail against Vibrio cholerae O1. Res J Pharm Technol.
2022;15:2605‐2608.

205. Chaudhary N, Mohan B, Kaur H, et al. Vibrio phage VMJ710 can
prevent and treat disease caused by pathogenic MDR V. cholerae

O1 in an infant mouse model. Antibiotics. 2023;12(6):1046.

206. Hsueh BY, Waters CM. Combating cholera. F1000Research.
2019;8:589.

207. Komiazyk M, Palczewska M, Sitkiewicz I, Pikula S, Groves P.
Neutralization of cholera toxin by rosaceae family plant extracts.
BMC Complement Altern Med. 2019;19(1):140.

How to cite this article: Ahmed AK, Sijercic VC, Akhtar MS,

et al. Cholera rages in Africa and the Middle East: a narrative

review on challenges and solutions. Health Sci Rep.

2024;7:e2013. doi:10.1002/hsr2.2013

AHMED ET AL. | 21 of 21

https://doi.org/10.1002/hsr2.2013

	Cholera rages in Africa and the Middle East: A narrative review on challenges and solutions
	1 INTRODUCTION
	2 EPIDEMIOLOGY AND GEOGRAPHICAL DISTRIBUTION OF CHOLERA IN AFRICA AND THE MIDDLE EAST IN 2022 AND 2023
	3 CHOLERA SEROLOGY
	4 WHY ARE AFRICA AND THE MIDDLE EAST FERTILE ENVIRONMENTS FOR CHOLERA?
	5 THE CHARACTERISTIC CLINICAL MANIFESTATIONS AND COMPLICATIONS OF CHOLERA
	6 DIFFERENT METHODS OF CHOLERA DIAGNOSIS
	7 CURRENT AVAILABLE OCVS
	7.1 Vaxchora
	7.2 Dukoral
	7.3 Shanchol and Euvichol/Euvichol-Plus

	8 CHOLERA VACCINE SHORTAGE CRISIS AND NEW PROMISING OCVS
	9 MANAGEMENT, ANTIMICROBIAL DRUG RESISTANCE, AND PROMISING CHOLERA TREATMENTS
	9.1 Rehydration treatment
	9.2 Zinc supplement
	9.3 Antibiotic therapy
	9.4 V. cholerae's resistance to antimicrobial drugs
	9.5 Promising methods for treating cholera

	10 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	TRANSPARENCY STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES




