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Abstract  
This narrative review aims to provide an updated overview of cholera and describe its situation in Yemen at the national level, in Arab 

countries at the regional level, and globally at the continental level. Cholera is a bacterial infection of the small intestine caused by Vibrio 

cholerae (V. cholerae). Initially confined to Asia, the disease spread globally in 1817, triggering the first pandemic from India. In 1854, a 

cholera outbreak in  Soho, London, was investigated by English physician John Snow (1813–1858), whose findings contributed to under-

standing disease transmission. The causative agent of cholera was identified twice—first by Italian physician Filippo Pacini during an 

outbreak in Florence, Italy, in 1854, and later, independently, by Robert Koch in India in 1883.In Yemen, cholera was first reported in 

1971, with smaller outbreaks occurring in 2010. Since 2015, the country has faced an ongoing humanitarian crisis, compounded by the 

worst global cholera epidemic since 2016. The outbreak spread to 92% of the country, affecting 305 districts and 22 of 23 governorates, 

with Hodeidah experiencing the highest burden. Cholera is primarily transmitted through the fecal-oral route via contaminated food or 

water, often due to poor sanitation. In healthy adults, an infectious dose of approximately 100 million bacteria is required to cause illness, 

though this threshold is lower in individuals with reduced gastric acidity. Children, particularly those aged two to four, are especially 

vulnerable. The infection leads to the rapid loss of large volumes of watery stool due to cholera toxin, resulting in severe dehydration and 

shock. Symptoms vary from asymptomatic to mild, moderate, or severe cases. The hallmark symptom is profuse watery diarrhea lasting 

several days, often accompanied by vomiting and muscle cramps. Severe diarrhea can cause life-threatening dehydration, electrolyte 

imbalances, and acute renal failure. Other signs include sunken eyes, cold skin, decreased skin elasticity, and wrinkled hands and feet. In 

extreme cases, dehydration may lead to a bluish skin tone. Symptoms typically appear between two hours and five days after infection. A 

rapid dipstick test can detect V. cholerae, and clinical diagnosis is based on patient history and examination. Stool and swab samples 

collected during the acute phase, before antibiotic treatment, are crucial for laboratory confirmation. The most common strains responsi-

ble for outbreaks are V. cholerae O1 and O139. Treatment primarily involves fluid replacement therapy, which reduces the mortality rate 

from over 50% to below 0.2%. Antibiotic therapy is recommended for moderate to severe dehydration, as it can decrease both the vol-

ume and duration of diarrhea by 50%. Preventative measures include ensuring access to clean water, improved sanitation, and oral chol-

era vaccines (OCVs). 
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1. Introduction  
1.1. History  

Cholera is an acute infectious disease affecting the digestive sys-

tem, caused by the bacterium Vibrio cholerae (V. cholerae). Ini-

tially confined to Asia, cholera began spreading globally in 1817 

during the first recorded pandemic, originating in India. In 1854, 

a cholera outbreak in Soho, London, was investigated by English 

physician John Snow (1813–1858), who made significant contri-

butions to understanding its transmission. The causative agent of 

cholera was independently identified twice: first by Italian physi-

cian Filippo Pacini during an outbreak in Florence, Italy, in 1854, 

and later by Robert Koch in India in 1883 [1-10].  

 

1.2. Causative agent   
Cholera is caused by the gram-negative bacterium V. cholerae. 

The disease is considered laboratory-confirmed when V. cholerae 

O1 or O139 is detected in a patient's stool or vomit. [11] (Table 

2).  
 

 

 

Table 1. History of cholera 
Pandemic Country Date 

 First  

 Second  

 Third  

 Fourth  

 Fifth  

 Sixth  

 Seventh  

India  

North America and Europe 

North Africa  

India and Spain  

India  

India  

Indonesia  

1817 – 1824  

1826 to 1837  

1846 – 1860 

1863 – 1875   

1881 – 1889  

1899 - 1923 

1961 – present  

 

1.3. Mode of cholera transmission 

Table 2. Mode of cholera transmission [12-18] 
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Fecal-oral route  

 Water – borne transmitted disease 

 Transmission by food 

 From one person to another 

 Transmission within a group of people 

 Role of the cholera carriers 
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1.4. Risk factors and determinants  
Table 3. Risk factors and determinants of cholera 

1.4.1. Biological factors  
Cholera and age : The relationship between the choler and age were reported by previous studies in  Asia [19,20] (1948) , 

Europe (1973) [12] ,  Africa (1970 to 197) reported that the association  between age and cholera attack is rather weak.  

Cholera and sex : Several previous studies have reported a relationship between cholera and gender, indicating that women 

were most affected due to their responsibility for water and sanitation tasks at home, including washing clothes and caring for 

children [20,21]. 
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1.4.2.Socio-economic  
Cholera and socio-economic factors: Cholera is more likely to attack low income earners [22].  

1.4.3.Behvioral factors 
Informed behavior toward cholera : A previous study found that key behavioral factors contributing to cholera risk includ-

ed drinking untreated water (37.2%). School-based messages accounted for 24.6% of prevention efforts, while media sources 

(print, audio, and visual) contributed 17.6%. Informal sources played a smaller role at 13.6%, with community campaigns 

being the least influential at 7%. Overall, public health information promoters effectively targeted their audiences with appro-

priate messages, leading to improved coverage [23]. 

1.4.4. Environmental factors   
Water, sanitation and hygiene (WASH): Africa and Asia, in particular, face challenges with compromised sanitation condi-

tions. While maintaining a clean physical environment is the responsibility of local communities, ensuring adequate sanitation 

remains a pressing concern. [22].  

Controversies regarding role of the climate factors : Season and climate did not affect the spreading of the cholera infec-

tion , but lack of clean water did [23,24]. 

 
1.5. Clinical profile of cholera 

1.5.1. Infectious dose in humans 
The infectious dose of V. cholerae  in humans varies significantly 

based on the bacterial strain and the host. A previous study on 

healthy North American volunteers found that doses ranging 

from 10⁸ to 10¹¹ cells were needed for consistent colonization. 

However, when a bicarbonate buffer was administered to neutral-

ize stomach acid before inoculation, the required dose decreased 

to 10⁴–10⁸ cells, resulting in an infection rate of 90%. 

 

1.5.2. Pathophysiology 
V. cholerae  produces a toxin that strongly stimulates adenylate 

cyclase, prompting the intestine to secrete large volumes of wa-

tery fluid rich in sodium, bicarbonate, and potassium. This secre-

tion far exceeds the intestine’s absorptive capacity, leading to 

profuse watery diarrhea. The resulting fluid loss can cause severe 

dehydration and shock, progressing rapidly. Without proper med-

ical intervention, particularly rehydration therapy, severe cholera 

has a fatality rate of approximately 50% in affected individuals. 

 

1.5.3. Symptoms and signs 
The most V cholerae symptoms  are  sudden, painless and pro-

fuse watery diarrhea, dehydration and abdominal pain. Also,  

may experience occasional vomiting . Other symptoms such as 

excretion of large volumes of non-bloody rice-watery stools, 

muscle cramps and signs of shock are not uncommon [18]. The 

degree of infection is classified depending on its severity. This 

grouping varies from mild, moderate to severe. If the case is se-

vere, dehydration, metabolic acidosis, renal and/or circulatory 

collapse may occur leading to sudden death [25]. 

 

Table 4. Severity of cholera   
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 Mild case : No thirst, skin goes back normally when 

pinched , passing urine is good , pulse is normal   

 Moderate case : Restlessness and irritability , sunk-

en eyes, dry mouth and tongue , increased thirst ,  

skin goes back slowly when pinched, decreased 

urine , decreased  tears ,   

 Severe case: Lethargy , unconsciousness , very dry 

mouth and tongue, skin goes back very slowly when 

pinched , weak or absent pulse , low blood pres-

sure , minimal or no urine    

 Critical case : Organs failure such as acute renal 

failure    

 

 

 

 

1.5.4. Complications  
The most common complications of V cholerae are severe and 

rapid dehydration within hours, leading to hypovolemic shock 

and metabolic acidosis, which can potentially be fatal [25]. 

 

Table 5.  Complications  of cholera 
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 Dehydration  (Electrolytes imbalance)  

 Acute Renal failure  

 Shock (Hypotension)  

 Hypoglycemia  ` 

 Blue death  

 

 

1.5.4. Cholera case management  

1.5.4.1. Diagnosis 

The cholera is diagnosed of cholera clinically with direct treat-

ment to control on the dehydration. On the other hand , the chol-

era  is diagnosed in laboratory based rapid test and confirmed 

using golden microbiological [26] 

 

Table 6. Diagnosis of cholera   

D
ia

g
n

o
si

s 
 o

f 
c
h

o
le

r
a
  

 

Clinically  

 Acute watery diphtheria   

 Dehydration assessment  

Laboratory  

 Rapid test  

 Microbiological assay  

Other test  

 Electrolytes assay  

 Renal function test  

 

1.4.3.2. Treatment  
Patient management for cholera primarily involves fluid replace-

ment, which significantly reduces the mortality rate from over 

50% to less than 0.2%. Effective antibiotic treatment can also 

decrease the volume and duration of diarrhea by 50% and is rec-

ommended for cases with moderate to severe dehydration. The 

majority of cholera cases are treated using oral rehydration solu-

tion (ORS), a glucose and electrolyte solution that helps replenish 

lost fluids and electrolytes. Approximately 80–90% of mild to 

moderate cases can be managed with ORS alone, while around 

20% of patients with severe dehydration require intravenous flu-

ids, such as Ringer's lactate, until diarrhea subsides. In cases of 

hypoglycemia, particularly in pediatric patients, glucose supple-

mentation may be necessary. Although antibiotic prophylaxis is 

not a standard intervention, antimicrobial agents are used to 

shorten the duration of symptoms [27-30].  
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Table 7. Treatment of cholera 
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 Dehydration assessment   

 Rehydration  therapy    

 Monitoring    

 Antibiotic   ` 

 Nutrition  

 
1.6. Prevention measures of cholera 

 

Table 8. Prevention  of cholera 

6.1. Water, Sanitation and Hygiene (WASH): 

Previous studies have concluded that promoting soap use and 

hand washing can lead to a 26% to 62% reduction in diarrhea 

incidence in developing countries [31]. 
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6.2 Cholera vaccine 

The World Health Organization (WHO) recommends the im-

plementation of cholera immunization alongside other preven-

tion and control measures in areas where cholera is endemic, and 

potentially in regions at risk of outbreaks [32,33]. Notably, 

cholera vaccines are not recommended for children under the 

age of two. There are two types of cholera vaccines available: an 

oral vaccine and a live attenuated vaccine [18]. However, most 

studies indicate that the current cholera vaccines offer protection 

for a relatively short period, typically around six months [18]. 

Vaccination may still be beneficial for individuals at higher risk, 

such as elderly people and children over the age of two, espe-

cially if they are traveling to areas where cholera risk is height-

ened. While vaccines can protect individuals from illness, they 

do not prevent the spread of cholera in endemic populations 

[34]. 

6.3. Health promotion strategies to reduce the susceptibility 

to cholera infection  

1.6.1. Health education 
Health education, including practices like hand washing, can 

reduce diarrheal incidences by at least 33% [35]. 

1.6.2. Meeting minimum water requirement standards 
travelers are advised to carry safe bottled or boiled water. It’s 

also recommended to avoid high-risk foods and drinks, particu-

larly seafood and items from street vendors [18].  

1.6.3. Personal hygiene 
Cholera infections are more likely to spread due to poor sanita-

tion and inadequate personal hygiene practices. The community 

needs to adopt proper hygiene habits, with hand washing sta-

tions, soap, and towels readily accessible for use after using the 

toilet [21].  

 

 

2. Cholera epidemiology 
2.1 Global epidemiology 
Despite efforts to control cholera, it remains an emerging and re-

emerging infectious disease and continues to pose a significant 

public health threat, particularly in developing countries. Its rapid 

spread and potential to cause large-scale epidemics impose a 

heavy economic burden on endemic regions  [16,36]. 

- Since 1996, Africa has reported the highest number of 

cholera cases globally [1].  

- In recent years, major cholera outbreaks have occurred 

in Haiti, Vietnam, Zimbabwe, Angola, Ethiopia, Soma-

lia, and Sudan [37 - 40]. 

- The 2008 outbreak in Zimbabwe lasted over a year, re-

sulting in more than 98,000 cases and over 4,000 deaths. 

Similarly, in 2011, Haiti experienced a cholera epidem-

ic with 522,335 reported cases and 7,001 deaths [16,41-

43] .  

- Cholera remains a leading cause of mortality world-

wide among children under five and a significant con-

tributor to morbidity [44].  

- Cholera is now secluded to the tropical and subtropical 

The disease is now largely confined to tropical and sub-

tropical regions where poor sanitation persists. As a re-

sult, outbreaks are rare in developed countries with 

proper water, sanitation, and food hygiene standards. 

Unfortunately, cholera continues to affect less devel-

oped nations, where the majority of the population re-

sides.[45].  

- The risk of cholera in the United States and other de-

veloped nations is minimal, making it a predominant is-

sue in Africa, Asia, and South America. Between 1995 

and 2005, approximately 88% of cholera cases oc-

curred in Sub-Saharan Africa, followed by Southeast 

Asia. [38].  

 

2.2. Recent cholera outbreaks in the region 
Large, high-mortality cholera outbreaks are regularly reported in 

East Africa and the Middle East, highlighting the persistent pres-

ence of the disease in both regions surrounding Yemen. In Soma-

lia, annual outbreaks occurred from 2011 (77,636 cases, 1,130 

deaths, CFR=1.46%) to 2016 (15,619 cases, 534 deaths, 

CFR=3.5%) [47]. Iraq experiences outbreaks approximately eve-

ry two years. Factors such as conflict, famine, acute malnutrition, 

inadequate WASH infrastructure, poor hygiene practices, and 

displacement contribute to the rapid spread of cholera in both 

countries. 

 

Table  9. Cholera in the region 
Outbreak  Incidence  CFR (%)  Date  

Somalia 

Iraq  

77636 

15619 

1.46 

3.5 

2011 

2016 

 

2.3. Cholera outbreaks in Yemen  
Between 2009 and 2011, Yemen experienced multiple cholera 

outbreaks following a 15-year interepidemic period. Small out-

breaks of 55 to 300 cases were reported in 2009 and 2010, while 

a larger outbreak in 2011 resulted in approximately 30,000 acute 

watery diarrhea (AWD) or suspected cholera cases (attack rate: 

1.4%) and 134 deaths , "case fatality rate (CFR) <1%". This out-

break primarily affected the southern governorates of Aden, 

Abyan, and Al-Dhale’e, with fewer cases in Lahj and Ibb, largely 

due to the deterioration of WASH infrastructure and healthcare 

services caused by conflict [48]. The most severe cholera out-

break began in October 2016, with 1,423,700 suspected cases and 

4,510 laboratory-confirmed cases reported across 306 of 333 

districts by January 2019. This outbreak resulted in 2,767 deaths, 

with a CFR of 0.2% [49]. It remains the largest recorded cholera 

outbreak in recent history, likely driven by the collapse of public 

services, including hygiene and sanitation, due to the ongoing 

war . Beyond the humanitarian crisis, Yemen faces additional 

challenges such as population displacement, shortages of essen-

tial goods and services, and the overall breakdown of public in-

frastructure. Over the past decade, the country has experienced 

multiple cholera outbreaks, with smaller ones in 2009, 2010, and 

2011, showing CFRs of 5.5%, 1.3%, and 0.4%, respectively. 

Since 2016, the epidemic has spread extensively, affecting nearly 

the entire country [50-52]. 
 

Table 10.  Cholera in Yemen [49-52]  
Epidemic Incidence CFR  (%) 

Yemen 

2009 

2010 

2011 

2016 

2017 

 

55 

300 

30000 

1,423,700 

1,009554 

 

5.5 

1.3 

0.4 

0.2 

0.24 
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Figure 1. Pathogenesis of toxigenic V. cholerae. (A) Toxigenic V. cholerae produces several virulence factors that contribute to its path-

ogenesis [53]. https://www.researchgate.net/publication/310603313_A_Case_Study_Cholera  

 

 

  
 

 
Figure 2. A chart of molecular fingerprinting strategies used in epidemiological investigations of V. cholerae [55] 

 

https://www.researchgate.net/publication/310603313_A_Case_Study_Cholera
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Figure 3. Molecular tools in understanding the evolution of V. cholerae [54] 

                    
- WGS 2000 

- VNTR 2002 

- MLVA 2009 

- MVLST 2011 

Ribotyping 

began (1986)  

PFGE, RAPD 

(1990) 

AFLP (1995) 

MLST (1998)  

 - Biotype established 

(1959)  

  - Serological classification 

established (1916)  

- Phage type developed 

(1923)  

  - In 1854, a cholera outbreak in 

Soho, London, was investigated by 

the English physician John Snow .  

- Germ responsible for cholera 

was discovered twice: first by the 

Italian physician Filippo Pacini 

during an outbreak in Florence, 

Italy, in 1854,and –  

- then independently by Robert 

Koch in India in 1883 

     

                       

                       
--- 2010 2555 9111 9195 9195 9195 9105 9195 9105 9125 9195 9155 9915 9995 9995 9995 9905 9995 9905 9925 9995 Year 

                       
                       

7th pandemic  (1961 – present)  El Tor Biotype Pandemic free period (1923-1961) 

El Tor 

6th pandemic 

1989 – 1923 

Classic Biotype  

Fast five pandemic  classic Biotype   

                       
Figure 4. Molecular tools in understanding the evolution of V. cholerae [55] 
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Figure 5. World Health Organization. (2022, December 16). Cholera – Global situation [Disease Outbreak News]. World Health Organization. https://www.who.int/emergencies/disease-outbreak-

news/item/2022-DON426 [56] 

 

 

https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON426
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Figure 6. WHO Yemen. (2024, December 23). WHO Yemen: Yemen reports the highest burden of cholera globally. United Nations in Yemen. https://yemen.un.org/en/286445-who-yemen-yemen-reports-

highest-burden-cholera-globally [57] 
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Table 11. Reported cholera and AWD cases and deaths by WHO region, as of 24 November 2024 
WHO Region Country, area, territory 1 January to 24 November 2024 Last 28 days 

Cases Deaths Cases per 100 000 CFR (%) Cases Deaths CFR (%) Monthly cases % 
change 

Monthly deaths % 
change 

African Region Burundi 835 3 7 0.4 12 0 0 33  

Cameroon 81 50 0 61.7 32 1 3.1   

Comoros§ 10 549 152 1 283 1.4      

Democratic 
Republic of the Congo 

28 804 409 24 1.4 1 783 20 1.1 -3 -33 

Ethiopia 26 718 263 36 1 276 8 2.9 -46 -27 

Ghana 2 244 18 7 0.8 2 233 18 0.8 24 711  

Kenya§ 613 5 1 0.8      

Malawi 386 11 2 2.8 41 7 17.1 -2 250 

Mozambique 8 299 22 29 0.3 145 4 2.8 559  

Niger 1 064 23 5 2.2 37 2 5.4 -89 -50 

Nigeria 19 178 702 9 3.7 2 039 99 4.9 -53 14 

South Africa§ 11 0 0 0      

South Sudan 697 7 6 1.0 646 7 1.1 1 192  

Togo 167 12 2 7.2 96 4 4.2 45 -43 

Uganda 96 5 0 5.2 7 0 0   

United Republic of Tanzania 10 061 134 16 1.3 2 695 19 0.7 120 27 

Zambia§ 20 219 637 103 3.2      

Zimbabwe 20 135 400 133 2 102 1 1   

Eastern Mediterranean Region Afghanistan** 165 629 84 506 0.1 10246 7 0.1 -17 -12 

Iraq§ 571 1 1 0.2      

Lebanon§ 1 0 0 0      

Pakistan*** 72 832 0 31 0 3 529 0 0 -48  

Somalia
§

 
20 159 138 123 0.7      

Sudan 38 903 1 009 93 2.6 13199 266 2 32 4 

Syrian Arab Republic§ 10 563 0 48 0      

Yemen¥ 245 776 861 729 0.4 21082 71 0.3 9 20 

European Region Mayotte§ 221 2 69 0.9      

Region of the Americas Haiti 10 556 162 91 1.5 100 4 4 -58 -69 

South-East Asia Region Bangladesh 376 0 42 0 116 0 0 170  

India§# 10 615 52 1 0.5      

Myanmar 7 498 0 14 0 333 0 0 -74  

Nepal§ 95 0 0 0      

Thailand§ 5 0 0 0      

* Case and death numbers presented are not directly comparable due to differences in case definitions, reporting systems, and general underreporting. All data are subject to verification and change due to data availability and ac-

cessibility. Respective figures and numbers will be updated as more information becomes available. The data in Table 1 includes suspected, rapid diagnostic test (RDT) positive, and culture-confirmed cholera cases. ** Afghani-

stan and Myanmar report AWD cases.  *** The reported number of suspected cholera and AWD cases is based on the available Public Health Bulletin published by the National Institute of Health of Pakistan. . § Countries which 

did not report cholera cases between 1 and 24 November 2024. ¥ Includes all reported suspected cholera and AWD cases from Yemen. # Among the total of 10 615 cases reported from India, 481 cases were confirmed [56]. 
 

 

 

https://nih.org.pk/phb/weekly-bulletin
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Causative agent 

V. cholerae 

 

 

 
Mode of transmission  

The fecal-oral route by contaminated water or food. 

 

 

 
Infectious dose   

104–1011 cell . 

 

 

 
Incubation period   Reservoir Human 

few hours to 5 days, usually 2-3 days 

 

 

 
Pathophysiology 

V. cholerae produce toxin is responsible for pathogenesis and the virulent of cholera . 

 

 

 
Symptoms 

 The symptoms may include thirst, vomiting, profuse watery diarrhea (like rice water) , vomiting, leg cramps, and restlessness.  

 Loss of fluid continues for 1-7 days 
 

 

 

 
Cholera severi-

ty  

  

Mild 

Moderate  

Severe  

 

 

 

Complication  

 Acute renal failure, dehydration 

 Shock (severe hypotension),  

 Electrolyte abnormalities,  

 Hypoglycemia 
Note : Severely ill patients are cyanotic, have sunken eyes 
and cheeks, scaphoid abdomen, poor skin turgor, and 
thread or absent pulse. 

 

 

 

Diagnosis  

 Based on clinical grounds 

 Rapid Test   

 Culture (stool) confirmation 

Laboratory diagnosis  Culture (stool) confirmation 

 

 

 
Clinical diagnosis (dehydration assessment) 

 Mild case : o thirst, skin returns to normal when pinched, normal urination, and a strong pulse. 

 Moderate case : Restlessness and irritability, sunken eyes, dry mouth and tongue, excessive thirst, slow skin rebound when pinched, re-

duced urine output, and decreased tear production. 

 Severe case: Lethargy , Loss of consciousness, extreme dryness of the mouth and tongue, slow skin recoil when pinched, weak or absent 

pulse, low blood pressure, and little to no urine output. 

 

 

 
Treatment  Prevention  

 Mild case : Oral rehydration solution   Improved water, sanitation, and hygienic services 

 Use of oral cholera vaccines (OCVs) 

 Surveillance 

 Sewage and fecal sludge management:  

 Disinfection:  

 Raising public awareness: 

 Chlorinated water and avoiding uncooked vegetables and undercooked shellfish  

 Moderate case : Oral rehydration solution 

 Severe case: Intravenous solution (ringer lactate or nor-

mal saline)    

 
Figure 7. Schematic of cholera infection – pathogenesis  – diagnosis – treatment and prevention [58] 
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3. Conclusion  
Cholera is a bacterial infection of the small intestine caused by V. 

cholerae, spreading primarily through contaminated food and 

water. It originated in Asia and began spreading globally in 1817. 

A key breakthrough in understanding its transmission came in 

1854 when John Snow investigated an outbreak in London. Yem-

en first reported cholera in 1971, with major outbreaks since 2016. 

The disease causes profuse watery diarrhea, vomiting, and mus-

cle cramps, leading to severe dehydration and complications like 

acute renal failure. Symptoms range from mild to severe, appear-

ing within hours to days after infection. 
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