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Cholera Epidemiology in Nigeria: an overview
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Abstract

Cholera is an acute diarrhoeal infection caused by ingestion of food or water contaminated with the bacterium, Vibrio cholera. Choleragenic V.
cholera O1 and 0139 are the only causative agents of the disease. The two most distinguishing epidemiologic features of the disease are its
tendency to appear in explosive outbreaks and its predisposition to causing pandemics that may progressively affect many countries and spread
into continents. Despite efforts to control cholera, the disease continues to occur as a major public health problem in many developing countries.
Numerous studies over more than a century have made advances in the understanding of the disease and ways of treating patients, but the
mechanism of emergence of new epidemic strains, and the ecosystem supporting regular epidemics, remain challenging to epidemiologists. In
Nigeria, since the first appearance of epidemic cholera in 1972, intermittent outbreaks have been occurring. The later part of 2010 was marked
with severe outbreak which started from the northern part of Nigeria, spreading to the other parts and involving approximately 3,000 cases and
781 deaths. Sporadic cases have also been reported. Although epidemiologic surveillance constitutes an important component of the public health
response, publicly available surveillance data from Nigeria have been relatively limited to date. Based on existing relevant scientific literature on

features of cholera, this paper presents a synopsis of cholera epidemiology emphasising the situation in Nigeria.
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Background

Cholera caused by Vibrio cholera continues to be a global threat to public health and a key indicator of lack of social development. Once common
throughout the world, the infection is now largely confined to developing countries in the tropics and subtropics. It is endemic in Africa, parts of
Asia, the Middle East, and South and Central America. In endemic areas, outbreaks usually occur when war or civil unrest disrupts public sanitation
services. Natural disasters like earthquake, tsunami, volcanic eruptions, landslides and floods also contribute to outbreak by disrupting the normal
balance of nature [1]. This creates many health problems, food and water supplies can become contaminated by parasites and bacteria when
essential systems like those for water and sewage are destroyed. Developing countries are disproportionately affected because of their lack of
resources, infrastructure and disaster preparedness systems [2, 3]. In newly affected areas, outbreaks may occur during any season and affect all
ages equally. The organism normally lives in aquatic environments along the coast. People acquire its infection by consuming contaminated water,
seafood, or other foods. Once infected, they excrete the bacteria in stool. Thus, the infection can spread rapidly, particularly in areas where human
waste is untreated.

In Nigeria, the infection is endemic and outbreaks are not unusual. In the last quarter of 2009, it was speculated that more than 260 people died
of cholera in four Northern states with over 96 people in Maidugari, Biu, Gwoza, Dikwa and Jere council areas of Bauchi state [4]. Most of the
Northern states of Nigeria rely on hand dug wells and contaminated ponds as source of drinking water. Usually, the source of the contamination is
other cholera patients when their untreated diarrhoea discharge is allowed to get into water supplies [4].

The 2010 outbreak of cholera and gastroenteritis and the attendant deaths in some regions in Nigeria brought to the forefront the vulnerability of
poor communities and most especially children to the infection. The outbreak was attributed to rain which washed sewage into open wells and
ponds, where people obtain water for drinking and household needs. The regions ravaged by the scourge include Jigawa, Bauchi, Gombe, Yobe,
Borno, Adamawa, Taraba, FCT, Cross River, Kaduna, Osun and Rivers. Figure 1 depicts major outbreak locations. Even though the epidemic was
recorded in these areas, epidemiological evidence indicated that the entire country was at risk, with the postulation that the outbreak was due to
hyper-virulent strains of the organism [5].

In Nigeria, the first series of cholera outbreak was reported between 1970- 1990 [6]. Despite this long experience with cholera, an understanding
of the epidemiology of the disease aiding its persistence in outbreak situations is still lacking. This review therefore provides the knowledge gaps of
the infection with the hope that it will help to develop targeted approaches to controlling the infection.

Description and Characteristics of Vibrio cholera

Vibrio cholera, a curved Gram-negative bacillus belongs to the family, Vibrionaceae and shares some characteristics with the family,
Enterobacteriaceae [7]. The species V. cholera comprises both pathogenic and nonpathogenic strains. Vibrio cholera O1 and 0139 are the only
serotypes responsible for the disease defined clinically and epidemiologically as cholera [8,9]. Vibrio cholera O1 is divided into classical and El Tor
biotypes, and into three serosubtypes - Ogawa, Inaba, and Hikojima. Vibrio cholera 0139 has characteristics in common with the El Tor biotype
but differs from O1 in its polysaccharide surface antigen [10]. Cholera cases are confirmed through the isolation of Vibrio cholera O1 or 0139 from
stools in any patient with diarrhea [11]. Other serovars of V. cholera are generally termed non-O1, non-0139 strains. They are non-choleragenic,
usually cause a milder form of gastroenteritis than O1 and 0139, and are normally associated with sporadic cases and small outbreaks rather than
with epidemics and pandemics [12]. Vibrio cholerae 01 Eltor is the commonest strain in Nigeria [13-16].

About 75% of people infected with V. cholera do not develop any symptoms, although the bacteria are present in their faeces for 7-14 days after
infection and are shed back into the environment, potentially infecting other people. Among people who develop symptoms, 80% have mild or
moderate symptoms, while around 20% develop acute watery diarrhoea with severe dehydration [17]. In severe infections, more than one quart
of water and salts is lost per hour. The stool looks gray and has flecks of mucus in it- termed “rice water stools”. Within hours, dehydration can
become severe, causing intense thirst, muscle cramps, and weakness. Very little urine is produced and the eyes may become sunken, and the skin
on the fingers may become much wrinkled. If dehydration is not treated, loss of water and salts can lead to kidney failure, shock, coma, and
death. In people who survive, symptoms usually subside in 3 to 6 days. Most people are free of the bacteria in two weeks. The bacteria remain in
a few people indefinitely without causing symptomes.

The most important virulence factor associated with V. cholera O1 and 0139 is the cholera toxin (ctx). The ctx genes (ctxA and ctxB) encoding the
production of the cholera toxin have been sequenced and these have enabled development of deoxyribonucleic acid (DNA) probes and polymerase
chain reaction (PCR) methods for detection of the organism [18-23]. In addition to cholera toxin, choleragenic strains of V. cholera possess the
ability to adhere to, and colonise, the small intestine (colonisation factor), which has been ascribed to a toxin co-regulated pilus (TCP). Genes
encoding major virulence-associated factors are found in clusters [24]. It has been shown that ctx genes form part of a filamentous bacteriophage
designated CTX phage [25, 26]. The pilus colonisation factor is also known to act as a receptor for the CTX phage [27, 28] and is encoded by the
tcpA gene that is part of the V. cholera pathogenicity island [29-30].

A complex cascade of regulatory proteins that control expression of V. cholera virulence determinants has been reported. For instance, in
responding to the chemical environment at the intestinal wall, the organism produces the TcpP/TcpH proteins, which, together with the ToxR/ToxS
proteins, activate the expression of the ToxT regulatory protein. ToxT then directly activates expression of virulence genes that produce the toxins,
causing diarrhea in the infected person and allowing the bacteria to colonise the intestine [31-32]. Although reports on characteristics of Nigerian
strains are insufficient [13] implied that Vibrio cholerae from bi-weekly surveillance cultures for a period of eight months were concordant with
strains analysed at the onset of their study. It may therefore be assumed that pathogenic potential and characteristics of V.cholerae in Nigeria are
similar to those that have been studied elsewhere.
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History and geographical distribution

Historical data shows that there have been eight pandemics of cholera worldwide, of which the seventh and eighth continue (Table 1). During the
19th century, cholera spread across the world from its original reservoir in Bangladesh and West Bengal [29], claiming millions of lives across all
continents most especially Africa and Asia. The cholera outbreak in Bangladesh in 2004 was post flooding involving more than 17 000 cases, with
the isolation of Vibrio cholera (O1 Ogawa and O1 Inaba) [1]. The seventh pandemic started in South Asia in 1961, reached Africa in 1971 and the
Americas in 1991 [33, 34]. Cholera is now endemic in many countries and recent studies have indicated that global warming creates a favourable
environment for the bacteria [35].

Although reports of cholera epidemic in Nigeria have not been consistent, the disease is very dynamic. The emergence of cholera was evident in
1970 and was re-introduced in 1991. During the last two decades, three major epidemics have occurred: 1992 [36], 1995-1996 [37], and 1997
[15, 37]. The northern Nigeria has been known to be endemic for cholera infection. Epidemiological data from Public Health Department of Kano
State Ministry of Health, Northern Nigeria, revealed that the frequency and distribution of recurrent cholera epidemics in the state during 1995 to
2001, were 2 630 in 1995/1996, 847 in 1997 and 2, 347 in 1999 [15]. In Jos, North Central Nigeria, [14] observed that all isolated strains were
Vibrio cholerae 01 Eltor of Inaba serotype. The authors concluded that Vibrio cholerae 01 is endemic in Jos, Nigeria.

Analysing genetic variation in isolates of V. cholera O1 and 0139 from successive outbreaks of cholera and the determination of whether these
genetic variations contribute to the emergence of new clones of V. cholera can be an important step in understanding the evolution of new
pathogenic strains. Molecular analysis of the pandemic isolates of V. cholera showed limited genetic grouping of pandemic isolates. So far, two
clusters have been identified by Amplified fragment length polymorphism (AFLP): Cluster I and Cluster II. Based on the changes in the clonal
structure, Cluster I basically consist of strains from the 1960s and 1970s, while Cluster II contains strains from the 1980s and 1990s and revealed
a temporal pattern of change in the clone. This is particularly apparent in the strains from the African Continent [38]. Although, it seems that the
Northern part of Nigeria bears much of the burden of cholera, very little is known about the characteristics of circulating strains.

Infection pattern and seasonality

Cholera infection rate, sex and age distribution and seasonality are not constant. In 1982, Katsina, Nigeria, was affected by an outbreak of
gastroenteritis associated with Vibrio cholera serotype "Ogawa” [36]. The overall case fatality rate was 7.7%. During the Calabar, south southern
part of Nigeria outbreak, adults and those in the 11-20 and 21-30 age groups accounted for most of the cases regardless of sex [39]. The report
from Jos (North-central) indicated that age group 20-29 years had the highest isolation rate [14]. The 1996 outbreak reported in Kano, Northern
Nigeria affected 1, 384 individuals with a fatality rate of 5.3% [37]. Children were the most affected among all age groups and accounted for 22%
of the total cases reported in Ibadan, southwest Nigeria [6]. The wave of the £/ Tor cholera pandemic that occurred in 1991 had a case fatality
ratio of 13% in Nigeria [40].

In Abeokuta, South-western Nigeria, between November 2005 and January 2006, 11 deaths from the 115 cases with case fatality rate of 9.6%
were reported from a cholera outbreak [16]. The 2010 outbreak was projected as the worst in Nigeria since 1991 with the highest case-fatality
rates [41]. The Nigerian states with case fatality rates (CFRs) in the 2010 outbreak include Plateau, Kaduna and Katsina states at 23.0%, 9.0%
and 7.6% respectively. Women and children accounted for 80% of reported cases [41]. All outbreak studies carried out in Nigeria till 1999 are
summarised on Table 2. Table 3 shows cholera incidence and case fatality rate by state. Despite this, the occurrence of the hyper-infectivity of
the organism remains largely unknown and no documented epidemiological information on the infecting strains or patients. We believe that studies
are required to understand its prevalence and nature of infection in the country.

Nevertheless, cholera exists as a seasonal disease, occurring mostly during rainy seasons. Pascual and colleagues highlighted the importance of
rainfall as a driver of the seasonal cycle of cholera through its waterborne transmission, its dose-dependent nature of infection, and the decline of
cases during the rainy season [42]. Higher number of cases reported in Kano, Nigeria occurred during the rainy season [36]. In Calabar, South-
southern part of the country, the incidence of cholera mostly occurred during the dry season followed by subsidence at the onset of rainy season
[39]. Consequently, seasonality of infection is not a critical issue in Nigeria as infections have been reported in both rainy and dry seasons.

Risk factors for increased transmission

For a cholera outbreak to occur, two conditions have to be met: there must be significant breaches in the water, sanitation, and hygiene
infrastructure used by groups of people, permitting large-scale exposure to food or water contaminated with Vibrio cholera organisms; and cholera
must be present in the population. Cholera has been proven to be transmitted through fecal-oral route via contaminated food, carriers of the
infection and inadequate sanitary conditions of the environment. The principal mode of transmission however remains ingestion of contaminated
water or food.

In Nigeria, the 1996 cholera outbreak in Ibadan (Southwest) was attributed to contaminated potable water sources [6]. Street vended water and
not washing of hands with soap before eating food are possible reasons for the 1995-1996 cholera outbreaks in Kano state [35]. Drinking water
sold by water vendors was also connected with increased risk of contracting the disease. In Katsina, the outbreak of the disease was linked to
faecal contamination of well water from sellers [36]. The recent 2010 outbreak of cholera was speculated to be directly related with sanitation and
water supply. The hand dug wells and contaminated ponds being relied on by most of the Northern states as source of drinking water was a major
transmission route during the outbreak. Perhaps, these wells were shallow; uncovered and diarrhoea discharge from cholera patients could easily
contaminate water supplies [4].
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Another factor that may greatly contribute to risk of cholera transmission is population movement which enhances the spread of the infectious
agent to others and to different sites. For instance, all the surviving residents that fled a two month outbreak in Kebbi state (North-north) became
indices for subsequent infection in the north and southern part of a neighbouring state [43]. Additional overcrowding increases risk of contact with
vomitus, excreta and contaminated water or food. Since early detection and containment of cases (isolation facilities) are paramount in reducing
transmission, poor access to health services and poor diagnosis may become major barrier to controlling the infection. Lack of safe water and poor
sanitation are important risk factors. All these features have contributed greatly to cholera infections in Nigeria.

Host Genetic Factors, Demographic and Socioeconomic Factors

Susceptibility to cholera infection and factors enhancing its spread is multi-factorial. The host immune system is the critical defence mechanism
against cholera. However, infection with cholera can result in a range of responses, from severe and life threatening diarrhoea to mild or
unapparent infections. Another factor is differences in gastric acidity. It been stated that low acid production can lead to increased susceptibility to
cholera [44]. People who produce less stomach acid such as young children, older people, and those taking drugs that reduce stomach acid,
including proton pump inhibitors (such as omeprazole) and histamine-2 (H2) blockers (such as ranitidine) [45] are likely to contact the infection.

A number of demographic and socioeconomic factors including age, gender, nutritional status, social status, economic status and travel abroad are
also known to play crucial role in susceptibility to choleragenic V. cholera. Sanitation and nutrition are particularly important factors and it has
become clear that good sanitation and hygienic practices largely prevent the disease. Vibrio cholera infection is known to be more severe in
individuals suffering from malnutrition. Hypochlorhydria associated with malnutrition, B12 deficiency and gastritis predispose to the development of
cholera [46].

As regards host susceptibility factor, epidemiologic research suggests that there is association between cholera and blood group. Researchers
postulated that the incidence of cholera in patients with blood group A was lower than those in the general population, while incidence in those
with blood type O was significantly higher. The likelihood of V. cholera infection progressing to the severe form, cholera gravis, appears to be
related to the individual's ABO blood group. Thus, individuals with blood group O are more likely to exhibit severe diarrhea [47, 48]. No
epidemiologic data from studies in Nigeria to suggest an association between individual "s susceptibility to cholera and blood group.

Management of cholera

The mainstay of the case management of cholera is treatment of dehydration using Oral Rehydration Therapy (ORS) or 1V fluids (Ringer lactate)
and electrolytes [49]. Although, Oral Rehydration Therapy (ORS) has the advantage of being low-cost and simple, using the technique of decision
analysis, Babaniyi concluded that community-based control of Diarrhoeal Diseases interventions in Nigeria is problematic to evaluate [50].

In cholera management, antibiotic prophylaxis is usually not part of intervention but essential for disease treatment in severe cases. However,
Vibrio cholera strains from endemic and outbreaks situation within the last decade revealed interesting patterns of antibiotic resistance to
commonly used antimicrobial agents. Mobile genetic elements able to transfer multiple drug resistance among Vibrio cholera strains have also been
described in numerous studies and are considered a major public health problem [51]. Eighty six strains of Vibrio cholera O1 (79 Ogawa serotype
and 7 Inaba serotype) from 1992 outbreak in Nigeria were less sensitive to ampicillin, penicillin, cloxacillin, cotrimoxazole, streptomycin, and
tetracycline [52]. The 1995 study also described V. cholera strains with 4.5 kilobase to 150 kilobase plasmids specifying resistance to ampicillin,
tetracycline, and trimethoprim. Ten of the forty-one isolates were able to transfer resistant plasmids to Escherichia coli K-12 by conjugation
suggesting that conditions conducive for transmission of resistant strains exist in Nigeria [52].

Obvious emergence of resistant strains could be correlated with widespread therapeutic and prophylactic administration of antibiotics especially
tetracycline and their availability over the counter. While continued misuse of antibiotics has indubitably contributed to endemicity most infections,
the recent cholera outbreak experience proposes that other factors also play a role in determining whether a particular strain (or resistance
plasmid) remains in a given geographic area. Studies are however needed in this area to elucidate this concept.

Prevention and control measures

In Nigeria, existing prevention and control strategies are multi-sectoral. Epidemic Preparedness and Response (EPR) approaches including
registration of cases, case management and public health measures targeting personal hygiene and water treatment as well as emergency
responses from both governmental and non-government agencies have contributed to the reduction in case fatality rates over the years and
should be sustained. Nevertheless, the need to explore more viable approaches cannot be overplayed if the infection has to be wholly curtailed.

Various studies elsewhere have utilised geographic and mathematical information systems to assess spatial distribution of cholera at local levels,
demonstrating case clustering and disease risk areas [53,54]. Modeling techniques using climate data, remote monitoring, and geographic
information systems also provide new techniques that may contribute to the prediction of cholera epidemics [55]. We propose that such models
can aid understanding of epidemic processes and help design effective control strategies. Due to its endemicity in Nigeria, surveillance systems can
provide early alerts to outbreaks, therefore leading to coordinated response.

More importantly, it is necessary to introduce intervention measures that address the root problems of poor sanitation and unsafe water supplies in
order to prevent future cholera epidemics. In this regards, perhaps, prevention of the disease is the best way to counter subsequent outbreaks.
Simple measures as boiling the water for drinking, washing and cooking purposes, treatment of infected facilities, sewages and drainage systems,
proper disposal of infected materials such as waste products, clothing, and beddings, treatment of infected faecal waste water produced by cholera
victims and sterilisation of utensils either by boiling or by using chlorine bleach. Studies have also indicated that use of soap and hand washing
promotion can achieve a 26 to 62% decrease in the incidence of diarrhoea in developing countries [56-58].

Page number not for citation purposes 4



Understanding the seasonality and location of outbreaks may also provide guidance for improving cholera control activities for vulnerable areas.
Vigorous health promotion activities in terms of continuous public enlightenment on cholera are evidently essential to controlling the infection.
Health systems need to be strengthened with the provision of adequate manpower, equipment, drugs and consumables. There should also be an
improvement on surveillance systems, communication and transport. Mechanisms for quick intervention should be put in place.

Defining strain diversity using molecular biology techniques may also assist with describing the intrinsic characteristics of diseases, such as the
persistence of infection. The knowledge of interaction of strain variants may also be critical option for controlling the infection since molecular
biology techniques are accessible. This can improve prevention plans, as well as risk assessment for potential cholera outbreaks.

Above all, World Health Organization (WHO) recommends that immunisation with currently available cholera vaccines be used in conjunction with
the usually recommended control measures in areas where cholera is endemic as well as in areas at risk of outbreaks [59]. Oral vaccine has been
shown to provide short-term protection of 85-90% against V. cholera O1 among all age groups at 4-6 months following immunisation with minimal
side effects [60].

Conclusion

Although limited epidemiologic information and studies exist regarding the extent of infection and characteristics of circulating strains in Nigeria,
there is clearly a link to poverty, dirty environment, and lack of social amenities including provision of good water sources. These factors definitely
imparted much on the frequency and severity of the disease as well as its epidemic potential. In addition, it appears that the clonality of the
circulating strains has greater implications on infection control and management of the disease. This is an important area that needs to be
addressed and since there are no epidemiologic information of population structure of circulating strain, it therefore seems, at least for now, that
cholera will maintain its challenging transmission role. However, we suggest that epidemiological studies should be directed at collecting detailed
information on the sources of infection and transmission mode. Public health education should be strengthened and authorities in disease control
should establish a channel for communication and reporting. Contact tracing strategies should also be introduced. Lastly, National laboratory
should establish data bank for native strains to facilitate comparative analysis with strains from other countries.
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Table 1: Cholera pandemics, 1817 till present: Adapted from [34,59]

Table 2: Data from studies on major cholera outbreaks in Nigeria, 1991-1999

Table 3: Cholera incidence and case fatality rate during 2010 outbreak: Source: [42]

Figure 1: Main Regions affected by 2010 Cholera Outbreak in Nigeria.
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References

1. Qadri F. Enterotoxigenic Escherichia coli and Vibrio cholerae diarrhea, Bangladesh, 2004. Emerg Infect Dis. 2005 Jul;11(7):1104-7. This
article on PubMed

2. Sur D. Severe cholera outbreak following floods in a northern district of West Bengal. Indian J Med Res. 2000 Nov;112:178-82. This
article on PubMed

3. About natural disasters. Paris United Nations Cultural, Scientific and Cultural Organization. 2004.
http://www.unesco.org/science/disaster/about_disaster.shtml Accessed 29 June 2012.

4. Igomu T. Cholera epidemic: Far from being over. NBF News.www.nigerianbestforum.com/blog/?p=60321. Accessed 23 August 2011.

5. Gyoh SK. Cholera epidemics in Nigeria an indictment of the shameful neglect of government. Africa Health. 2011; 33(1): 5.

Page number not for citation purposes 5


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:PopupFig('fig/fig1.png')
http://www.ncbi.nlm.nih.gov/pubmed/16022790
http://www.ncbi.nlm.nih.gov/pubmed/16022790
http://www.ncbi.nlm.nih.gov/pubmed/12452126
http://www.ncbi.nlm.nih.gov/pubmed/12452126

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Lawoyin TO, Ogunbodede NA, Olumide EAA, Onadeko MO. Outbreak of cholera in Ibadan, Nigeria. Eur J Epidemiol. 1999 Apr;15(4):367-
70. This article on PubMed

Farmer J. The Family Vibrionaceae. Biomed Life Sci. 2006; PART 3, SECTION 3.

Tamang MD, Sharma N, Makaju RK, Sarma AN, Koju R, Nepali N, Mishra SK. An outbreak of El Tor cholera in Kavre district, Nepal. KUMJ.
2005; 3(2): 138-142. This article on PubMed

Lopez-Gigosos RM, Plaza E, Diez-Diaz RM, Calvo MJ. Vaccination strategies to combat an infectious globe: Oral cholera vaccines. J Glob
Infect Dis. 2011 Jan;3(1):56-62. This article on PubMed

Sozhamannan S, Yildiz FH. Diversity and Genetic Basis of Polysaccharide Biosynthesis in Vibrio cholerae In: Epidemiological and
Molecular Aspects on Cholera. Infect Dis. 2011; 129-160.

World Health Organization. Communicable Disease Toolkit for Sierra Leone (2004): Communicable Disease Profile WHO/CDS/2004. 2004.
Geneva.

World Health Organization/Food and Agriculture Organization. Risk assessment of choleragenic Vibrio cholerae 01 and 0139 in warm-
water shrimp in international trade. Microbiological Risk Assessment Series; 2005. 2005.

Utsalo SJ, Eko FO, Umoh F, Asindi AA. Faecal excretion of Vibrio cholerae during convalescence of cholera patients in Calabar, Nigeria.
Eur J Epidemiol. 1999 Apr;15(4):379-81. This article on PubMed

Opajobi SO, Kandakai OYT, Mawak JD, Olukemi MA, Bello CSS. Vibrio cholerae Vibrio cholerae 01 infections in Jos, Nigeria. African J Clin
Exp Biol. 2004; 5(3):260-264.

Usman A, Sarkinfada F, Mufunda J, Nyarango P, Mansur K, Daiyabu TM. Recurrent cholera epidemics in Kano-Northern Nigeria. Cent Afr
J Med. 2005 Mar-Apr;51(3-4):34-8. This article on PubMed

Shittu OB, Akpan TO, Popoola S, Oyedepo JA, Ogunshola EO. Epidemiological features of a GIS-supported investigation of cholera
outbreak in Abeokuta, Nigeria. J Public Health Epidemiol. 2010; 2(7): 152-162.

Kaper JB, Morris JG, Levine MM. Cholera. Clin Microbiol Rev. 1995; 8(1): 48 - 86. This article on PubMed

Koch WH, Payne WL, Wentz BA, Cebula TA. Rapid polymerase chain reaction method for detection of Vibrio cholerae in foods. Appl
Environ Microbiol. 1993 Feb;59(2):556-60. This article on PubMed

Olsvik O, Wahlberg ], Petterson B, Uhlen M, Wachsmuth IK, Fields PI. Use of automated sequencing of PCR-generated amplicons to
identify three types of cholera toxin subunit B in Vibrio cholerae O1 strains. J Clin Microbiol. 1993 Jan;31(1):22-5. This article on
PubMed

Karunasagar I, Sugumar G, Karunasagar I, Reilly, A. Rapid detection of Vibrio cholerae contamination of seafood by polymerase chain
reaction. Mol Mar Biol Biotechnol. 1995 Dec;4(4):365-8. This article on PubMed

Heidelberg JF, Eisen JA, Nelson WC, Clayton RA, Gwinn ML, Dodson RJ, Haft DH, Hickey EK, Peterson JD, Umayam L, Gill SR, Nelson KE,
Read TD, Tettelin H, Richardson D, Ermolaeva MD, Vamathevan J, Bass S, Qin H, Dragoi I, Sellers P, McDonald L, Utterback T,
Fleishmann RD, Nierman WC, White O, Salzberg SL, Smith HO, Colwell RR, Mekalanos 1], Venter JC, Fraser CM. DNA sequence of both
chromosomes of the cholera pathogen Vibrio cholerae. Nature. 2000; 406 (6795): 477 - 483. This article on PubMed

Fykse EM, Skogan G, Davies W, Olsen ]S, Blatny JM. Detection of Vibrio cholerae by Real-Time Nucleic Acid Sequence-Based
Amplification. Appl Environ Microbiol. 2007; 73(5):1457-66. This article on PubMed

Ademola OO, Kovashnee N, Balakrishna P. Toxigenic Escherichia coli and Vibrio cholerae: Classification, pathogenesis and virulence
determinants. Biotech Mol Biol Rev. 2011; 6(4): 94-100.

Hacker J, Blum-Oehler G, Muhldorfer I, Tschape, H. Pathogenicity islands of virulent bacteria: structure, function and impact of microbial
evolution. Mol Microbiol. 1997 Mar;23(6):1089-97. This article on PubMed

Farugue SM, Albert MJ, Mekalanos 1. Epidemiology, genetics, and ecology of choleragenic Vibrio cholerae.Microbiol Mol Biol Rev. 1998
Dec;62(4):1301-14. This article on PubMed

Farugue SM, Nair GB. Molecular ecology of toxigenic Vibrio cholerae.Microbiol Immunol. 2002;46(2):59-66. This article on PubMed

Waldor MK, Mekalanos JJ. Lysogenic conversion by a filamentous phage encoding cholera toxin. Science. 1996 Jun 28;272(5270):1910-
4. This article on PubMed

Page number not for citation purposes 6


http://www.ncbi.nlm.nih.gov/pubmed/10414378
http://www.ncbi.nlm.nih.gov/pubmed/16415609
http://www.ncbi.nlm.nih.gov/pubmed/21572610
http://www.ncbi.nlm.nih.gov/pubmed/10414380
http://www.ncbi.nlm.nih.gov/pubmed/17892230
http://www.ncbi.nlm.nih.gov/pubmed/7704895
http://www.ncbi.nlm.nih.gov/pubmed/8434922
http://www.ncbi.nlm.nih.gov/pubmed/7678018
http://www.ncbi.nlm.nih.gov/pubmed/7678018
http://www.ncbi.nlm.nih.gov/pubmed/8541985
http://www.ncbi.nlm.nih.gov/pubmed/10952301
http://www.ncbi.nlm.nih.gov/pubmed/17220262
http://www.ncbi.nlm.nih.gov/pubmed/9106201
http://www.ncbi.nlm.nih.gov/pubmed/9841673
http://www.ncbi.nlm.nih.gov/pubmed/11939579
http://www.ncbi.nlm.nih.gov/pubmed/8658163

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

O'Neal C, Jobling M, Holmes R, Hol W. Structural basis for the activation of cholera toxin by human ARF6-GTP. Science. 2005 Aug
12;309(5737):1093-6. This article on PubMed

Karaolis DK, Johnson JA, Baily CC, Boedeker EC, Kaper JB, Reeves PR. A Vibrio cholerae pathogenicity island associated with epidemic
and pandemic strains. Proc Natl Acad Sci U S A. 1998 Mar 17;95(6):3134-9. This article on PubMed

Zhang D, Zheng X, Weiyun S, Karaolis DKR. The Vibrio Pathogenicity Island-Encoded Mop Protein Modulates the Pathogenesis and
Reactogenicity of Epidemic Vibrio cholerae. Infect Immun. 2003 Jan;71(1):510-5. This article on PubMed

Tay CY, Reeves PR, Lan R. Importation of the major pilin TcpA gene and frequent recombination drive the divergence of the Vibrio
pathogenicity island in Vibrio cholera.FEMS Microbiol Lett. 2008 Dec;289(2):210-8. This article on PubMed

DiRita V3, Parsot C, Jander G, Mekalanos JJ. Regulatory cascade controls virulence in Vibrio cholerae. Proc Natl Acad Sci U S A. 1991 Jun
15;88(12):5403-7. This article on PubMed

Islam MS, Drasar BS, Sack RB. The aquatic Environment as a Reservoir of Vibrio cholerae: A Review. ] Diarrhoeal Dis Res. 1993;
11(4):197-206. This article on PubMed

Reeves PR, Lan R. Cholera in the 1990s. Br Med Bull. 1998;54(3):611-23. This article on PubMed

Lipp EK, Hug A, Colwell RR. Effects of global climate on infectious disease: the cholera model. Clin Microbiol Rev. 2002 Oct;15(4):757-70.
This article on PubMed

Umoh JU, Adesiyun AA, Adekeye JO. Epidemiological Features of an outbreak of Gastroenteritis/Cholera in Katsina, Northern Nigeria. J
Hyg Camb. 1983; 91:101-111. This article on PubMed

Hutin Y, Luby S, Paquet C. A large cholera outbreak in Kano City, Nigeria: the importance of hand washing with soap and the danger of
street vended water. J Water Health. 2003; 1(1): 45-52. This article on PubMed

Lan R, Reeves PR. Pandemic spread of cholera: genetic diversity and relationships within the seventh pandemic clone of Vibrio cholerae
determined by amplified fragment length polymorphism. J Clin Microbiol. 2002; 40(1):172-81. This article on PubMed

Ndon JA, Udo SM, William B. Vibrio-Associated Gastroenteritis in the Lower Cross-River Basin of Nigeria. J Clin Microbiol. 1992; 30 (10):
2730-2732. This article on PubMed

Sow S, Antonio M, Oundo JO, Mandomando I, Ramamurthy T. Endemic and Epidemic Cholera in Africa. In: Infectious Disease: Molecular
and Epidemiological Aspects. Ramamurthy T and Bhattacharya SK (eds).

UNICEF Situation Report (NIGERIA). Cholera and floods Sitrep #5 covering 23 September - 4 October, 2010. Geneva.

Pascual M, Bouma MJ, Dobson AP. Cholera and climate: revisiting the quantitative evidence. Microbes Infect. 2002 Feb;4(2):237-45.
This article on PubMed

Okeke IN, Abudu AB, Lamikanra A. Microbiologial Investigation of an outbreak of acute gastroentreities in Niger state, Nigeria. Clin
Microbiol Infect. 2001; 7(9): 514-516. This article on PubMed

Van Loon FP, Clemens JD, Shahrier M, Sack DA, Stephen CB, Khan MR, Rabbani GH, Rao MR, Bannik AK. Low gastric acid as a risk factor
for cholera transmission: application of a new invasive gastric acid field test. J Clin Epidemiol. 1990;43(12):1361-7. This article on
PubMed

Sack DA, Sack RB, Nair GB, Siddique AK. Cholera. Lancet. 2004 Jan 17;363(9404):223-33. This article on PubMed

Richardson SH. Host susceptibility. Exp Med. 1994; 180: 1345 - 1358.

Chaudhuri A, De S. Cholera and blood groups. Lancet. 1977 Aug 20;2(8034):404. This article on PubMed

Harris JB, Khan AI, LaRocque RC. Blood group, immunity, and risk of infection with Vibrio cholerae in an area of endemicity. Infect
Immun. 2005 Nov;73(11):7422-7. This article on PubMed

Sack DA, Sack RB, Chaignat CL. Getting serious about cholera.N Engl J Med. 2006 Aug 17;355(7):649-51. This article on PubMed

Babaniyi OA. Oral Rehydration of Children with Diarrhoea in Nigeria: a 12-year Review of Impact on Morbidity and Mortality from
Diarrhoeal Diseases and Diarrhoeal Treatment Practices. J Trop Pediatr. 1991; 37 (2):57-63. This article on PubMed

Coppo A, Colombo M, Pazzani C. Vibrio cholerae in the horn of Africa: epidemiology, plasmids, tetracycline resistance gene amplification,
and comparison between O1 and non-01 strains. Am J Trop Med Hyg. 1995 Oct;53(4):351-9. This article on PubMed

Page number not for citation purposes 7


http://www.ncbi.nlm.nih.gov/pubmed/16099990
http://www.ncbi.nlm.nih.gov/pubmed/9501228
http://www.ncbi.nlm.nih.gov/pubmed/12496202
http://www.ncbi.nlm.nih.gov/pubmed/19054108
http://www.ncbi.nlm.nih.gov/pubmed/2052618
http://www.ncbi.nlm.nih.gov/pubmed/8188990
http://www.ncbi.nlm.nih.gov/pubmed/10326288
http://www.ncbi.nlm.nih.gov/pubmed/12364378
http://www.ncbi.nlm.nih.gov/pubmed/12364378
http://www.ncbi.nlm.nih.gov/pubmed/12364378
http://www.ncbi.nlm.nih.gov/pubmed/6886407
http://www.ncbi.nlm.nih.gov/pubmed/15384272
http://www.ncbi.nlm.nih.gov/pubmed/11773113
http://www.ncbi.nlm.nih.gov/pubmed/1400976
http://www.ncbi.nlm.nih.gov/pubmed/11880057
http://www.ncbi.nlm.nih.gov/pubmed/11880057
http://www.ncbi.nlm.nih.gov/pubmed/11880057
http://www.ncbi.nlm.nih.gov/pubmed/11678939
http://www.ncbi.nlm.nih.gov/pubmed/2254773
http://www.ncbi.nlm.nih.gov/pubmed/2254773
http://www.ncbi.nlm.nih.gov/pubmed/14738797
http://www.ncbi.nlm.nih.gov/pubmed/70614
http://www.ncbi.nlm.nih.gov/pubmed/16239542
http://www.ncbi.nlm.nih.gov/pubmed/16914700
http://www.ncbi.nlm.nih.gov/pubmed/2027165
http://www.ncbi.nlm.nih.gov/pubmed/7485686

52.

53.

54.

55.

56.

57.

58.

59.

60.

Olukoya DK, Ogunjimi AA, Abaelu AM. Plasmid profiles and antimicrobial susceptibility patterns of Vibrio cholerae O1 strain isolated
during a recent outbreak in Nigeria. J Diarrhoeal Dis Res. 1995; 13(2):118-21. This article on PubMed

Myaux J, Ali M, Felsenstein A, Chakraborty J, deFrancisco A. Spatial distribution of watery diarrhoea in children: identification of “risk
areas” in a rural community in Bangladesh. Health Place. 1997 Sep;3(3):181-6. This article on PubMed

Tuite AR, Tien J, Eisenberg M, Earn DJD, Junling Ma, Fisman DN. Cholera Epidemic in Haiti, 2010: Using a Transmission Model to Explain
Spatial Spread of Disease and Identify Optimal Control Interventions. Ann Intern Med. 2011 May 3;154(9):593-601. This article on
PubMed

Colwell RR. Global climate and infectious disease: the cholera paradigm. Science. 1996 Dec 20;274(5295):2025-31. This article on
PubMed

Clemens JD, Stanton BF. An educational intervention for altering water-sanitation behaviors to reduce childhood diarrhea in urban
Bangladesh: Application of the case-control method for development of an intervention. Am J Epidemiol. 1987 Feb;125(2):284-91. This
article on PubMed

Pinfold JV, Horan NJ. Measuring the effect of a hygiene behaviour intervention by indicators of behaviour and diarrhoeal disease. Trans R
Soc Trop Med Hyg. 1996 Jul-Aug;90(4):366-71. This article on PubMed

Shahid NS, Greenough WB, Samadi AR, Hug MI, Rahman N. Hand washing with soap reduces diarrhoea and spread of bacterial
pathogens in a Bangladesh village. ] Diarrhoeal Dis Res. 1996 Jun;14(2):85-9. This article on PubMed

Von Seidlein. A small step for WHO, a big step for cholera control. Trop Med Int Health. 2006 Dec;11(12):1773-4. This article on
PubMed

Jelinek T, Kollaritsch H. Vaccination with Dukoral against travelers' diarrhea (ETEC) and cholera. Expert Rev Vaccines. 2008 Jul;7(5):561-
7. This article on PubMed

Page number not for citation purposes 8


http://www.ncbi.nlm.nih.gov/pubmed/7594312
http://www.ncbi.nlm.nih.gov/pubmed/10670969
http://www.ncbi.nlm.nih.gov/pubmed/21383314
http://www.ncbi.nlm.nih.gov/pubmed/21383314
http://www.ncbi.nlm.nih.gov/pubmed/8953025
http://www.ncbi.nlm.nih.gov/pubmed/8953025
http://www.ncbi.nlm.nih.gov/pubmed/3812434
http://www.ncbi.nlm.nih.gov/pubmed/3812434
http://www.ncbi.nlm.nih.gov/pubmed/8882177
http://www.ncbi.nlm.nih.gov/pubmed/8870400
http://www.ncbi.nlm.nih.gov/pubmed/17176340
http://www.ncbi.nlm.nih.gov/pubmed/17176340
http://www.ncbi.nlm.nih.gov/pubmed/18564011

Table 1: Cholera pandemics, 1817 till present

Pandemic | Years Origin Other regions affected Pathogen

First 1817-1823 India South-east Asia, Middle East and East | Vibrio cholerae serogroup O1 biotype classical
Africa

Second 1829-1851 India South-east Asia, Middle East Europe, | Vibrio cholerae serogroup O1 biotype classical
America and Africa

Third 1852-1859 India South-east Asia, Middle East Europe, | Vibrio cholerae serogroup O1 biotype classical
America and Africa

Fourth 1863-1879 India South-east Asia, Middle East Europe, | Vibrio cholerae serogroup O1 biotype classical
America and Africa

Fifth 1881-1896 India South-east Asia, Middle East Europe, | V. cholerae O1, classic
America and Africa

Sixth 1899 -1923 India South-east Asia, Middle East Europe, | V. cholerae O1, classic
America and Africa

Seventh 1961 to present Sulawesi (Celebes), South-east Asia, Middle East Europe, | V. cholerae O1, El Tor

Indonesia South America and Africa
Eighth 1992 to present Madras, India South-east Asia V. cholerae 0139

Adapted from [34,59]
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Table 2: Data from studies on major cholera outbreaks in Nigeria, 1991-1999

Year State Source  of | Number of | Case fatality Serotypes Age group References
Infection reported rates
cholera cases
1991 Cross River 588 13% V. cholerae 01 (biotype EI Tor, | Not indicated [39]
serotype Ogawa)
1992 Katsina Well water 662 7.7% Ogawa 11-30years [36]
1995/6 2,630 15% 0-5 years [15,37]
1997 Kano Water 847 5% El-Tor
1999 sources 2,347 2%
1996 Ibadan 1,384 5.3% Children (age range, not | [6]

indicated
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Table 3: Cholera incidence and case fatality rate during 2010 outbreak

State Geographical LGAs LGAs Total Total Case
Zone in state affected cases deaths fatality rate

1 Rivers South south 19 9 314 13 4.1
2 Cross River South south 15 4 319 8 2.5
3 Osun South west 30 1 87 2.3
4 Ekiti South west 16 2 381 0 -
5 Adamawa North east 21 12 1,816 104 5.7
6 Bauchi North east 20 20 7,783 175 2.2
7 Borno North east 27 21 5,822 264 4.5
9 Gombe North east 11 11 1,998 113 5.7
10 Jigawa North west 27 13 632 35 5.5
11 Kano North west 44 11 513 27 5.3
12 Plateau North central 17 5 526 29 23.0
13 Taraba North east 17 5 502 35 7.0
14 Yobe North east 17 12 2,009 129 6.4
15 Zamfara North west 14 5 1,458 58 4.0
16 Kaduna North west 23 7 301 27 9.7
17 Katsina North west 19 18 2,128 162 7.6
18 Sokoto North west 23 1 51 1 2.0

Total 360 157 26,240 1,182 4.5

Source: [42]. LGA = Local Government Authority
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Figure 1

Main regions affected by 2010 cholera outbreak in Nigeria.

Source:http://reliefweb.int/sites/reliefweb.int/files/resources/29A1BC92996A920385257792005A76BE-
Full_Report.pdf
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