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Abstract 
Cholera is an acute intestinal disease caused by infection of the Vibrio cholerae bacterium.  Often manifested as a constant diarrhoeal 

disease, cholera is associated with significant mortality as well as economic loss due to the strain on health care.  Cholera often affects 

nations with lower economic status.  The recent outbreak of cholera in the Republic of Congo and the Democratic Republic of Congo has 

affected thousands of people.  Here we review the past cholera epidemiology, molecular mechanisms of the bacterium, and the political and 

environmental aspects that affect the treatment and eradication of this disease. 
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Introduction 

Cholera, an acute diarrhoeal disease, is often 

associated with low-income nations where it can 

cause significant mortality and economic loss during 

outbreaks and even be endemic to a certain region.  

Severe dehydration and electrolyte imbalance may 

occur due to constant diarrhoea and lead to death in 

50% of cases when it is left untreated [1].  Vibrio 

cholerae (V. cholerae), the bacterium which is the 

etiologic agent of cholera, is transmitted through 

fecal-contaminated water and food [2].  Cholera is 

considered endemic to a region when the bacterium 

inhabits the native environment and outbreaks are 

independent of imported cases [3].  Cholera may 

become endemic to a region through various routes 

which are dependent on the local environmental 

conditions.  Commonly, the collapse of water 

sanitization and water routing infrastructure is the 

main cause of cholera outbreaks [4].  Recently, 

multiple-drug-resistant V. cholerae species have been 

reported [3,5].  Furthermore, the interaction between 

this waterborne bacterium, the human host, and the 

environment needs significant consideration when 

building strategies for cholera management and 

eradication [2].  The World Health Organization 

(WHO) requires all cholera cases to be reported to 

the organization. Importantly, due to the overburden 

of many health-care systems, frequently cholera cases 

go underreported [6].   

 
2011 outbreak of cholera in the Republic of 
Congo and the Democratic Republic of 
Congo 

Cholera outbreaks are currently being reported in 

the Democratic Republic of Congo and the Republic 

of Congo, specifically in locations in proximity to the 

Congo River [7,8].  The outbreak originally was 

identified in March 2011 and has increased in 

severity since.  On 4 July 2011, Medecins Sans 

Frontiers reported the expansion of the cholera 

outbreak, which now includes three additional 

provinces; the outbreak originally began in the city of 

Kisangani [8].  The WHO has reported 3,896 cases 

with 265 associated deaths attributed to this cholera 

outbreak as of 20 July 2011 [7].  

 
Global cholera outbreaks 
Cholera in continental Africa 

Cholera is endemic in many countries in the 

southern portion of continental Africa and outbreaks 

have been reported in countries such as Zimbabwe, 

Guinea-Bissau, Angola, Tanzania and Goma [4,9-

11].   

Recently in 2008-2009 it was reported that 

Zimbabwe experienced the most devastating cholera 
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outbreak of recorded history in continental Africa, 

with a fatality rate of 22-48% [4].  Before this 

outbreak, cholera outbreaks had become increasingly 

more severe and in turn more difficult to control 

since the early 1990s in Zimbabwe.   Prior to 2008, 

outbreaks had occurred only in communities that 

bordered countries with endemic cholera, suggesting 

that Zimbabwe’s past outbreaks had originated 

outside the country [4]. A change was seen in the 

occurrence of cholera cases during the 2008-2009 

outbreak when cholera was reported in urban areas 

distant from border communities.  These aspects have 

identified the outbreak as distinct from the past 

cholera outbreaks of the area.  Importantly, cholera is 

now imported from Zimbabwe to neighbouring 

countries such as South Africa, Mozambique, 

Botswana and Zambia [4].  Both Ogawa and Inaba 

serotypes of V. cholerae have been isolated from this 

outbreak. 

 

Cholera in the Caribbean 

In October 2010 a significant outbreak of cholera 

occurred in the Island of Haiti.  The identified 

bacterium was V. cholerae 01 serotype Ogawa, which 

had never been seen in Haiti prior to the 2010 

outbreak [1].  Farmer and colleagues reported that 

Haiti has been affected by over 270,000 cases of 

cholera with over 4,700 related deaths [1].  Since this 

outbreak, cholera has been reportedly exported to 

other areas of the Caribbean as well as distant 

countries such as Canada, the United States, and the 

Dominican Republic [1,12].   

 

Cholera in Asia 
V. cholerae 01 Ogawa of the El Tor biotype was 

reported to be the most prevalent serotype of 

cholerae bacterium in India in 2010 where V. 

cholerae 0139  previously dominated [3,5].  In India 

before 2003, Ogawa was prevalent but in 2004 the 

Inaba strain increased over the Ogawa levels until 

2009 [5].  Importantly, cholera-related deaths have 

significantly increased by 24% in the past five years.  

Furthermore, the actual burden of cholera in this 

region is estimated to be 3 to 5 million cases per year 

with approximately 100,000 deaths or more [3].  

Cholera outbreaks commonly occur in India.   

Worryingly, several multiple-antibiotic-resistant 

strains of V. cholera have been documented and the 

El Tor cholerae serotypes from India have 

immigrated to other parts of Asia and into Africa 

[3,5].  Das and colleagues have recently reported the 

emergence of multiple-drug-resistant V. cholerae 01 

species in India where the first examples were noted 

in 2007 [5].  It was found that various V. cholerae 01 

isolates were commonly resistant to nalidixic acid, 

furazolione and cotrimoxazole but susceptible to 

gentamicin and tetracycline throughout the 

observation period [5].  Furthermore, multiple-

antibiotic-resistant V. cholera isolates have been 

identified in Bangladesh as well [13].  The 

emergence of multiple-antibiotic-resistant species can 

occur by spontaneous gene mutation within a single 

organism or by horizontal gene transfer when two 

species inhabit the same host at the same time [5].  

 
Molecular mechanisms of cholera 

The diarrhoeal illness of cholera is caused by a 

rod-shaped, Gram-negative bacterium, V. cholerae 

[1].  The diarrhoeal illness is a result of secretion of 

the cholera toxin by the bacterium.  Cholera toxin is 

an 86 kDa ADPribosylating exotoxin that is highly 

immunogenic.  It has been suggested the production 

of the cholera toxin functions to aid the bacterium to 

overcome the innate mucosal barrier in the gut and 

allow bacterial colonization and survival [14]. 

Specifically, once V. cholerae is present in the gut, 

stimulation by gut components leads to 

downregulation of gene sets involved in aquatic 

environmental adaptation while upregulating genes 

for toxin production.  Cholera toxin has been shown 

to bind GM1 ganglioside [15,16], an ubiquitous cell 

membrane component of lipid rafts [14].   After 

binding, the toxin is sequestered into the endoplasmic 

reticulum by route of the Golgi apparatus, eventually 

ending up in the cytosol [17]. This leads to increased 

cyclic AMP (cAMP) levels Via G proteins, and ADP 

ribosylation leads to profoundly increased levels of 

cyclic (cAMP), subsequently affecting the cystic 

fibrosis transmembrane conductance regulator 

(CFTR) protein of the gut.  Loss in regulation of this 

ion transporter results in increased Cl˗ ion secretion 

that clinically manifests as electrolyte imbalance and 

fluid expulsion or diarrhoea [14].  

Essentially, serological categorization of the 

various strains of V. cholerae are based on the 

lipopolysaccharide O side chain  found on the 

bacterium outer membrane, of which there are over 

200 different types [11,18].  Specifically, V. cholerae 

of the serogroup O1 or O139 are the strains 

commonly responsible for the devastating cholera 

outbreaks. Furthermore, the O1 serogroup is 

classified into two biotypes, classical and El Tor, and 

El Tor is also broken down into Ogawa and Inaba 

types.  Each of the biotypes causes a distinct clinical 



Kelvin – Cholera:  current and past outbreaks                                   J Infect Dev Ctries 2011; 5(10):688-691. 

690 

phenotype and work through distinct biochemical 

mechanisms.  
 
Cholera Management  
Treatments 

Various strategies for treating cholera are 

employed depending on the severity of the disease [1] 

and the World Health Organization has created 

cholera management guidelines [19]. Rehydration (by 

oral or intravenous route) and/or antibiotic treatments 

are the major therapies.  Importantly, rehydration 

alone is 80% effective in patients suffering from mild 

cholera, although rehydration in combination with 

antibiotic therapy is preferred for those with 

moderate and severe cholera disease [1].  In India, 

antibiotics and rehydration techniques are commonly 

employed to treat people suffering from cholera.   

Shanachol (Shantha Biotechnics Ltd, Hydrabad AP, 

India) is an inexpensive bivalent inactivated whole-

cell oral cholera vaccine (OCV) that has recently 

been approved for use in India.  Furthermore, 

Shanachol is related to ORC-Vax and is thought to be 

a reasonable treatment for endemic cholera [3]. 

 

Obstacles and tactics for cholera 

 It has been found that cholera is significantly 

underreported in India, which can possibly be 

expanded further to other regions of the world [3].  

The main reason for this situation is the limitations of 

disease surveillance.  As well as monitoring disease 

outbreaks and tracking individual cholera infections 

and mortalities, it is also imperative to have vigilant 

testing for antibiotic resistance as several multiple-

drug-resistant V. cholerae species have been 

identified [5].    

Inadequate and poorly monitored water treatment 

and supply systems are often responsible for cholera 

outbreaks.  For example, the transfer of water supply 

responsibility from independent city councils to the 

Zimbabwe National Water Authority has been 

suggested as a precipitating factor in the major 

outbreak of cholera in Zimbabwe [4].  Water supply-

and-demand infrastructure issues can cause local 

people to use self-maintained shallow wells that can 

easily become contaminated with bacterium that 

cause cholera.  As well, in India, poor water 

sanitation and open drains allowing easy 

contamination of V. cholerae to water supplies have 

been identified as issues perpetuating the cholera 

struggles [5].  Furthermore, access to adequate 

sanitized water also played a significant role in the 

2010 cholera outbreak in Haiti, where even prior to 

the 2009 earthquake only 12% of Haitians received 

treated water [1].  Following the earthquake, water 

treatment further declined, creating a habitable 

environment for the bacterium.         

Nicely reviewed by Sedas in a JIDC article, 

environmental factors have significant influence on 

the outbreak potential and pathogenesis of V. 

cholerae as well as other pathogens [2].  It is obvious 

that the fecal-oral transmission route relies heavily on 

the ecology of the native water supply.  Furthermore, 

the seasonal water cycles have been shown to affect 

the emergence and re-emergence of V. cholerae and 

the health of local populations [2].  

 
Conclusions 

Cholera is a devastating disease that affects 

hundreds of thousands of people per year.  Over 

200,000 cases were reported to the WHO in 2009 but 

case estimates exceed 500,000 [6].  It is clear that 

management of this disease requires consideration of 

many aspects including molecular biology, the 

environment, local governmental water treatment 

programs, and improved international case reporting. 

 
References 
1.  Farmer P, Almazor CP, Bahnsen ET, Barry D, Bazile J, 

Bloom BR, Bose N, Brewer T, Calderwood SB, Clemens 

JD, Cravioto A, Eustache E, Jerome G, Gupta N, Harris JB, 

Hiatt HH, Holstein C, Hotez PJ, Ivers LC, Kerry VB, Koenig 

SP, Larocque RC, Leandre F, Lambert W, Lyon E, 

Mekalanos JJ, Mukherjee JS, Oswald C, Pape JW, Gretchko 

PA, Rabinovich R, Raymonville M, Rejouit JR, Ronan LJ, 

Rosenberg ML, Ryan ET, Sachs JD, Sack DA, Surena C, 

Suri AA, Ternier R, Waldor MK, Walton D, Weigel JL 

(2011) Meeting cholera's challenge to Haiti and the world: a 

joint statement on cholera prevention and care. PLoS Negl 

Trop Dis 5: e1145. 10.1371/journal.pntd.0001145 

[doi];PNTD-D-11-00253 [pii]. 

2.  Sedas VT (2007) Influence of environmental factors on the 

presence of Vibrio cholerae in the marine environment: a 

climate link. J Infect Dev Ctries 1: 224-241. 

3.  Kanungo S, Tsuzuki A, Deen JL, Lopez AL, Rajendran K, 

Manna B, Sur D, Kim DR, Gupta VK, Ochiai RL, Ali M, 

von SL, Bhattacharya SK, Clemens JD (2010) Use of verbal 

autopsy to determine mortality patterns in an urban slum in 

Kolkata, India. Bull World Health Organ 88: 667-674. 

10.2471/BLT.09.073742 [doi]. 

4.  Mason PR (2009) Zimbabwe experiences the worst epidemic 

of cholera in Africa. J Infect Dev Ctries 3: 148-151. 

5.  Das S, Choudhry S, Saha R, Ramachandran VG, Kaur K, 

Sarkar BL (2011) Emergence of multiple drug resistance 

Vibrio cholerae O1 in East Delhi. J Infect Dev Ctries 5: 294-

298. 

6.  World Health Organization W (2011 August) Global Health 

Observatory (GHO): Number of reported cholera cases. 

http://www.who.int/gho/epidemic_diseases/cholera/cases_te

xt/en/index.html. 



Kelvin – Cholera:  current and past outbreaks                                   J Infect Dev Ctries 2011; 5(10):688-691. 

691 

7.  World Health Organization W (2011 July) Cholera outbreaks 

in the Democratic Republic of Congo (DRC) and the 

Republic of Congo. 

http://www.who.int/csr/don/2011_07_22/en/index.html. 

8.  Medecins Sans Frontiers (2011 June) As cholera epidemic 

spreads in DRC, MSF opens emergency treatment centres 

along Congo river. 

http://www.msf.org/msf/articles/2011/07/as-cholera-

epidemic-spreads-in-drc-msf-opens-emergency-treatment-

centres-along-congo-river.cfm. 

9.  Luquero FJ, Banga CN, Remartinez D, Palma PP, Baron E, 

Grais RF (2011) Cholera epidemic in Guinea-bissau (2008): 

the importance of "place". PLoS One 6: e19005. 

10.1371/journal.pone.0019005 [doi];PONE-D-10-05073 

[pii]. 

10.  Ceccarelli D, Spagnoletti M, Bacciu D, Cappuccinelli P, 

Colombo MM (2011) New V. cholerae atypical El Tor 

variant emerged during the 2006 epidemic outbreak in 

Angola. BMC Microbiol 11: 130. 1471-2180-11-130 

[pii];10.1186/1471-2180-11-130 [doi]. 

11.  Penrose K, de Castro MC, Werema J, Ryan ET (2010) 

Informal urban settlements and cholera risk in Dar es 

Salaam, Tanzania. PLoS Negl Trop Dis 4: e631. 

10.1371/journal.pntd.0000631 [doi]. 

12.  Gilmour MW, Martel-Laferriere V, Leesque S, Gaudreau C, 

Bekal S, Nadon C, Bourgault AM (2011) Vibrio cholerae in 

Traveler from Haiti to Canada. Emerg Infect Dis 17: 1124-

1125. 

13.  Siddique AK, Zaman K, Majumder Y, Islam Q, Bashir I, 

Mutsuddy P, Eusof A (1989) Simultaneous outbreaks of 

contrasting drug resistant classic and El Tor Vibrio cholerae 

O1 in Bangladesh. Lancet 2: 396. 

14.  Glenn GM, Francis DH, Danielsen EM (2009) Toxin-

mediated effects on the innate mucosal defenses: 

implications for enteric vaccines. Infect Immun 77: 5206-

5215. IAI.00712-09 [pii];10.1128/IAI.00712-09 [doi]. 

15.  Holmgren J, Lonnroth I, Mansson J, Svennerholm L (1975) 

Interaction of cholera toxin and membrane GM1 ganglioside 

of small intestine. Proc Natl Acad Sci U S A 72: 2520-2524. 

16.  Holmgren J, Lonnroth I, Svennerholm L (1973) Tissue 

receptor for cholera exotoxin: postulated structure from 

studies with GM1 ganglioside and related glycolipids. Infect 

Immun 8: 208-214. 

17.  Lencer WI (2001) Microbes and microbial Toxins: 

paradigms for microbial-mucosal toxins. V. Cholera: 

invasion of the intestinal epithelial barrier by a stably folded 

protein toxin. Am J Physiol Gastrointest Liver Physiol 280: 

G781-G786. 

18.  Kaper JB, Morris JG, Jr., Levine MM (1995) Cholera. Clin 

Microbiol Rev 8: 48-86. 

19.  World Health Organization W (1993) Guidelines for Cholera 

Control.  

 

Corresponding author 
Alyson A. Kelvin 

JIDC 

 
Conflict of interests: No conflict of interests is declared.

 


