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ABSTRACT

The aim of this study was to identify the risk factors for cholera during an outbreak in Nigeria. Cases

were defined as recent onset of acute diarrhoea with dehydration in a patient hospitalised at the

Infectious Diseases Hospital in Kano City. Meningitis patients admitted concurrently at the same

hospital were recruited as unmatched controls. Data were collected on age, sex, place of residence,

hygienic practices, and on food and water consumption. A total of 5600 cholera cases and 340

cholera deaths were reported between December 1995 and May 1996 (attack rate=86.3 per 100,000

population) in the state of Kano. Compared to the 77 controls, the 102 cases were more likely to

have drunk street-vended water (age-adjusted odds ratio (AAOR)=3.2; 95% confidence interval (CI):

1.4–7.1) and less likely to have drunk tap water in their homes (AAOR=0.2; 95% CI: 0.1–0.7) or to

have washed hands with soap prior to eating food (AAOR=0.2; 95% CI: 0.1–0.6). While no data

suggested that the municipal water supply was contaminated, safe water systems and hand hygiene

practices might have prevented a high proportion of cases if implemented early during this outbreak.
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INTRODUCTION

In developing countries, cholera often occurs as rapidly

progressive, large-scale outbreaks (Swerdlow & Isaacson

1994; Swerdlow et al. 1997). These large-scale outbreaks

cause a high burden of disease and rapidly overwhelm

curative health care services, particularly during complex

humanitarian emergencies or in settings where public

health systems have broken down (Swerdlow & Isaacson

1994). In addition to this health-related toll, large-scale

cholera outbreaks cause great economic loss as inappro-

priate external restrictions may lead to disruptions in trade

and travel. Thus, identifying interventions that would

be effective in preventing or limiting the spread of

these outbreaks would have substantial public health and

economic impact.

Effective prevention measures against cholera

outbreaks require the identification of the predominant

sources of infections and implementation of targeted

interventions. However, two problems limit the feasibility

of this approach. First, many cholera outbreaks are not

investigated using epidemiological methods that allow

identification of risk factors for illness (Tauxe et al. 1995).

Second, during many outbreaks, the cholera vibrio is

transmitted through many routes that cannot all be

identified. The high concentrations of pathogens in the

stools of infected individuals and the high faecal output

cause high levels of environmental contamination that

exposes other persons to infection. These outbreaks are

often not caused by a single common source but rather by

the ingestion of various types of food and beverages that

become contaminated through various unidentified

breaks in hygienic practices (Swerdlow & Isaacson 1994;

Tauxe et al. 1995). Thus, estimating the proportion of cases
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that could be prevented through implementation of

selected improved hygienic practices might be a better

approach than attempting to identify outbreak-specific

vehicles.

In February and March 1996, northern Nigeria faced a

meningitis outbreak of unprecedented magnitude. This

outbreak, during which 109,580 cases were reported

(Mohammed et al. 2000), overwhelmed the curative

healthcare system and prompted a major intervention

from the Nigerian Ministry of Health with the assistance

of non-governmental organizations, including Médecins

Sans Frontières (MSF). Emergency preventive and

curative public health measures were implemented. In the

midst of this outbreak, the state of Kano (1996 population:

4,931,789) was struck by another large-scale outbreak of

severe diarrhoea that was soon confirmed to be cholera,

as two stool samples examined at the French National

Reference Centre for Vibrios and Cholera (Institut

Pasteur, Paris, France) grew Vibrio cholerae serogroup

O1, serotype Inaba. The presence in Kano State of a team

of epidemiologists provided an opportunity to investigate

this outbreak and to examine potential risk factors for

illness.

METHODS

Public health surveillance

The passive public health surveillance system that had

been stimulated for the meningitis emergency was adapted

to also monitor the cholera outbreak. A case of cholera

was defined as acute watery diarrhoea of rapid onset

provoking severe dehydration in a patient in Kano State

since 1 December 1995. District health officials reported

cases on line listings that collected information regarding

date of birth, district of residence, gender, and occurrence

of death. Line listing reports were sent to the State

Ministry of Health in Kano City where they were

computerized. There, software produced an automated

analysis of the incidence according to time, place, and

demographic characteristics (EPISURV software,

Epiconcept, Paris, France). Maps representing district-

specific incidence rates were drawn using EPIMAP (CDC,

Atlanta, GA, USA).

Case-control study

To investigate potential risk factors for illness that would

point towards modes of transmission during this outbreak,

an unmatched case-control study was carried out in

the Kano City Infectious Diseases Hospital during

16–17 March 1996. Because the Kano City Infectious

Diseases Hospital was the primary reference centre in the

Kano City Metropolitan area for both meningitis and

cholera, it provided a unique opportunity to rapidly

conduct a case-control study through the recruitment of

hospital-based meningitis patients as control subjects.

For the purpose of the study, a case was defined as an

admission at the Infectious Diseases Hospital of a patient

presenting with acute watery diarrhoea of rapid onset

provoking severe dehydration, since 15 March 1996.

This case definition is considered highly predictive of

confirmed cholera infection in an epidemic setting (Vugia

et al. 1994). Controls were defined as referrals to the same

hospital for the treatment of meningitis. Because the

two diseases were of equivalent severity and because the

Infectious Diseases Hospital was the primary reference

centre for both diseases, catchment areas and therefore

secondary study bases were assumed to be equivalent

(Wacholder et al. 1992a, b). Sample size was set to 72 cases

and 72 controls in order to identify an odds ratio of 3 (for

a risk factor on which intervention would have a signifi-

cant impact), assuming 20% prevalence of exposure

among controls, with an alpha risk of 5% and 80% power.

Case patients and control subjects were asked their age,

gender, place of residence, and selected exposures in the

5 days preceding disease onset. Examined exposures

included hand-washing practices and potential exposures

to contaminated food and water identified through

an initial rapid pilot study conducted through open

interviews of a convenience sample of 20 case patients

hospitalised for the management of cholera. Healthcare

workers responsible for admission of patients were trained

for data collection and interviewed patients on admission

to the hospital. Patients admitted unconscious, and those

unable to reliably answer questions, were not recruited.

Univariate and adjusted odds ratios were calculated

with exact methods. Quantitative variables were com-

pared using the Kruskall-Wallis, non-parametric test.
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Proportions across more than two groups were compared

using the Chi square test. Finally, a logistic regression

model was progressively built, starting with the variables

that were significantly associated with the outcome in

univariate analysis and continuing with progressive

attempts to include additional variables. Effect modifica-

tion was checked between significant risk factors and age

and gender through attempts to include interaction terms.

All statistical analyses were conducted with the EPI-INFO

software (Atlanta, GA, USA) apart from the logistics

regression that was conducted using EGRET (SERC,

Seattle, WA, USA). Attributable fraction for exposures

thought to be causally associated with cholera was

calculated using standard formulae (Rothenberg & Hahn

1996).

RESULTS

Descriptive epidemiology

A total of 5,600 cholera cases and 340 deaths from cholera

were reported from the State of Kano to the Ministry of

Health between the 49th week of 1995 and the 20th week

of 1996 (1996 population: 4,931,789, incidence: 86 cases

per 100,000 population, case-fatality ratio: 6.1%). The

weekly number of reported cases peaked during the 12th

week of 1996 and then decreased to reach pre-epidemic

levels during the 19th week of 1996 (Figure 1). Age, place

of residence, and outcome information were only avail-

able from the 49th week of 1995 to the 10th week of 1996.

The incidence was highest among children under 5 years

of age and did not vary substantially across older age

groups (Table 1). Within the State of Kano, the incidence

was highest in the Kano City metropolitan area, the State

capital (Figure 2).

Analytical epidemiology

A total of 179 participants (102 case patients and 77 con-

trol subjects) were included in the case-control study dur-

ing the 24-hr data collection period. The median age of all

study participants was 20 years (quartiles 10–30), and 64

(36%) of the 176 participants for whom gender informa-

tion was available were female. While case patients were

Figure 1 | Number of cholera cases and cholera deaths reported each week in Kano

State, Nigeria, 1995–1996.

Table 1 | Attack rate of cholera by age group, Kano State, Nigeria, 49th week of 1995–10th

week of 1996

Age group Cases Population Attack rate per 100,000

0–4 years 459 1,120,963 40.9

5–14 years 348 1,846,289 18.8

15–29 years 430 184,189 23.3

30 years and over 399 1,780,348 22.4

Figure 2 | Cumulated incidence of cholera for selected weeks by Local Government

Areas (districts), Kano State, Nigeria, 1995–1996.
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older than control subjects (median 25 years versus 14,

p = 0.0001), the case and control groups were similar with

respect to the proportion of females (36%) and the district

of residence (p = 0.45, global chi square test, data not

shown). The rest of the analysis was stratified by age using

nine groups (0–3, 4–6, 7–9, 10–14, 15–19, 20–29, 30–39,

40–54 and 55 + ) because (1) case patients were older than

control subjects and (2) examination of stratum-specific

measures of association did not suggest that age was an

effect modifier for the exposures examined.

Compared to control subjects, case patients were

more likely to have drunk water sold by street vendors

(age-adjusted odds ratio (AAOR): 3.2, 95% CI: 1.4–7.1),

and to have failed to wash hands with soap before meals

(AAOR: 4.0, 95% CI: 1.8–9.8) Table 2. In addition, com-

pared with control subjects, case patients were less likely

to have drunk water from a tap located within their

household or to have drunk bottled mineral water. Other

exposures, including the failure to wash hands with water

before meals, were not associated with being a case patient

(Table 2). The strength of the association between drink-

ing water sold by street vendors and cholera did not vary

according to the place of residence (Woolf’s test to test for

effect modification: 2.1; p = 0.5), and was not confounded

by the association between failure to wash hands with

soap before meals and illness. Similarly, the association

between failure to wash hands with soap before meals and

cholera was not confounded by the association between

drinking water sold by street vendors and illness. In

multivariate analysis, factors significantly associated with

illness after adjustment for age included drinking water

sold by street vendors (adjusted odds ratio (AOR): 4.1,

95% CI: 1.7–9.5) and failure to wash hands with soap

before meals (AOR: 1.9, 95% CI: 1.1–3.3). Drinking

bottled water was associated with a lower risk of illness

(AOR: 0.25, 95% CI: 0.01–0.71).

Table 2 | Selected exposures in the 5 days preceding illness among cholera case patients and meningitis control subjects, cholera outbreak in Kano State,

Nigeria, 15–17 March 1996

Potential exposures
Cases
#/total

Controls
#/total

Odds ratio
(95% CI)

Age-adjusted odds ratio
(95% CI)

Drinking water sold by street vendors 55/99 18/73 3.8 (1.9–7.9) 3.2 (1.4–7.1)

Drinking tap water at home 66/101 63/74 0.3 (0.1–0.7) 0.2 (0.1–0.7)

Drinking bottled water 10/92 19/66 0.3 (0.1–0.7) 0.1 (0.1–0.5)

Drinking water from a well 51/97 38/67 0.85 (0.43–1.7) 0.98 (0.44–2.1)

Drinking local drinks sold by street vendors 63/96 47/74 1.1 (0.5–2.2) 1 (0.5–2)

Eating cold food leftovers (rice or ‘tuwo’) 79/98 68/73 0.3 (0.1–0.9) 0.5 (0.2–1.2)

Eating ‘alefu’ 71/96 59/69 0.48 (0.19–1.1) 0.51 (0.17–1.4)

Eating fried fish 48/98 39/58 0.47 (0.22–0.97) 0.78 (0.33–1.8)

Eating salad 76/96 44/64 1.7 (0.8–3.8) 1.5 (0.6–3.9)

Eating food sold by street vendors 61/99 49/67 0.6 (0.3–1.2) 0.6 (0.2–1.3)

No hand washing before meals 6/102 3/77 1.5 (0.32–9.8) 1.0 (0.14–8.6)

No hand washing with soap before meals 44/100 16/74 2.8 (1.4–6.0) 4.0 (1.8–9.8)
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To better measure the association between the source

of water supply and illness, a restricted analysis was con-

ducted among 63 study participants who reported drink-

ing water from only one type of source during the 5 days

that preceded the onset of illness. For the purpose of this

analysis, the one study participant who reported drinking

only bottled water was analysed with the group of study

participants reporting drinking only tap water from a

source located within their household. When this group of

participants was used as a baseline, compared with control

subjects, case patients were more likely to have drunk only

well water (29.4% versus 12.5%, odds ratio (OR): 2.9, 95%

CI: 0.62–18) and to have drunk water sold by street ven-

dors (17.2% versus 0%, OR undefined, p = 0.06, Fisher

exact test). No significant effect modification was detected.

The attributable fraction associated with drinking

water sold by water vendors was 37% and the attributable

fraction associated with the failure to wash hands with

soaps before meals was 33%. Overall, 75 (75.0%) of the

100 case patients for whom information was avail-

able reported either exposure for an overall attributable

fraction of 61.5%.

DISCUSSION

This cholera outbreak caused substantial death, disease,

and economic loss. In addition, it created major concern

as it occurred at a time when pilgrims were heading to

Mecca. However, a rapid epidemiological investigation

was possible and yielded useful results that suggested

that drinking water sold by water vendors and failure to

wash hands with soap before meals were independently

associated with illness. In addition, as an ongoing rumour

attributed the outbreak to the municipal water supply

system, the epidemiological information that ruled out this

hypothesis was most useful to local public health officials.

Given the complex situation in Kano State, a large-scale

intervention to increase access to safe water and improve

hand hygiene practices was not undertaken. However,

health officials communicated the results of the investiga-

tion to the public through a radio address which may have

affected people’s practices. Although no epidemiological

information was available to determine what prompted

the decrease of incidence in the weeks that followed the

case-control study, this phenomenon most probably

reflected the natural course of this rapidly progressing

outbreak.

During this outbreak, drinking water sold in

the streets by water vendors was associated with illness.

Consumption of street-vended water has been associated

with cholera during previous outbreaks in Latin America

(Ries et al. 1992; Weber et al. 1994; Tauxe et al. 1995).

Water contaminated during storage has also been associ-

ated with the spread of cholera in India (Deb et al. 1982,

1986) and in Peru (Swerdlow et al. 1992). In South Africa,

treatment of water with bleach or by boiling protected

against illness from cholera (Sinclair et al. 1982). Because

municipal water supply is not available for all households,

water vendors can be observed at all times in large

numbers in the streets of Kano City (Figure 3). Discussion

with selected informants suggested that their activity had

not changed before or during the outbreak. Water vendors

filled 20-litre, narrow-mouthed, covered plastic vessels

with water taken from public stand pipes, pushed two-

wheeled street carts that accommodated 16 such vessels

through the streets, and sold water to households. While

the source of contamination of the water sold by water

vendors may have varied and could not be determined, the

epidemiological evidence suggested that the municipal

water system was not contaminated and that the

Figure 3 | Water vendor in a street of Kano City, March 1996 (photo: Dr Denis

Coulombier).
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contamination occurred after the water had left the pipe.

Stages at which the water may have been contaminated

included water collection at the standpipe, water transfer-

ring from the vendor’s vessels to the purchaser’s con-

tainers, and unhygienic manipulations of domestic water

containers within households, such as placing hands in

water containers (Swerdlow et al. 1997). Stored water

usually has a higher level of bacterial contamination than

source waters (Han et al. 1989; Swerdlow et al. 1992;

Dunne et al. 2001). Contamination of stored water can be

prevented by safe water systems that include (1) point-of-

use treatment of water using sodium hypochlorite, (2) safe

water storage in plastic containers with a narrow mouth,

lid, and a spigot to prevent re-contamination, and (3)

behavioural change (Mintz et al. 1995). Interventions

aimed at the introduction of safe water systems in devel-

oping countries indicated that these (1) can be made

available at low cost (less than 4 dollars per year and per

family; Reiff et al. 1996); (2) are acceptable to users (Quick

et al. 1996, 1997; Macy & Quick 1998; Luby et al. 2001a);

(3) are successful in achieving a substantial decrease in the

level of faecal contamination of stored water (Quick et al.

1996, 1997, 1999; Luby 2001a) or street-vended beverages

(Sobel et al. 1998); (4) are effective in achieving a decrease

in the incidence of endemic diarrhoeal diseases (Semenza

et al. 1998; Quick et al. 1999); and (5) may be used for the

provision of safe oral rehydration solutions in healthcare

settings during a cholera outbreak (Daniels et al. 1999).

During this outbreak, the fraction of cholera attributable

to water sold by water vendors suggests that in such a

setting, additional chlorination at the time of collection

might have prevented illness. As vendors are already

selling water, they might be appropriate salesmen for low

cost hypochlorite.

The results of the case-control study also indicated

that persons who washed hands with soap before meals

were at lower risk of illness from cholera. While hand

washing with water alone, which was not protective, is a

common practice in West Africa, hand washing with

soap is more rare. Epidemiological evidence from

Guinea-Bissau (Shaffer et al. 1988), Guinea (St Louis et al.

1990), Ecuador (Weber et al. 1994), and El Salvador

(Quick et al. 1995) suggests that hand washing with soap

may be associated with a lower risk of cholera during

outbreaks. Soap is effective in reducing hand contamina-

tion whether or not contaminated or chlorinated water is

used for hand washing (Luby et al. 2001b). In addition,

interventions aimed at increasing the use of soap in house-

holds were effective in achieving a 67% reduction in the

secondary transmission of shigella in Bangladesh (Khan

1982). 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 (Clemens & Stanton 1987; Han et al. 1988;

Pinfold & Horan 1996; Shahid et al. 1996). During this

outbreak, use of soap to wash hands before meals might

have prevented illness.

This study had two main limitations. A number of

confounding factors, including socio-economic status,

may have led to a non-causal association between poor

hand and water supply hygiene and cholera. Because we

did not collect information on these factors, we are unable

to estimate how this lack of data might have affected the

results of our analysis. However, the associations that we

identified in this study confirm results of investigations

conducted in other settings where these associations ful-

filled usually accepted causality criteria. In addition,

hypothetical associations between socio-economic status

and cholera would be most likely explained by differences

in hygienic practices. Finally, while there are few data

available from developing countries, in industrialized

countries meningococcal meningitis is more common

among ethnic groups among which there is a higher pro-

portion of persons from a lower socio-economic status

(Wenger et al. 1990; Wilson et al. 1995). This probable

association between meningococcal disease and lower

socio-economic status would limit the suspected con-

founding effect of socio-economic status on the associ-

ation between hygienic practices and cholera. Second,

because the control group was hospital-based rather than

population-based, the estimated population prevented

fraction might have been distorted. However, because

Nesseiria meningitidis is not transmitted through inges-

tion of contaminated food, water, or beverages, our refer-

ence group can be assumed to be equivalent to the general

population with respect to the distribution of food, water,

and beverage-related exposures and this factor is unlikely

to substantially affect our results.
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CONCLUSION

The study design was an efficient use of public health

resources in an unusual emergency situation of dual

epidemics. This study, along with evidence from the epi-

demiology of other diarrhoeal diseases, suggests that

simple water supply and hand hygiene practices, including

point-of-use chlorination and safe water vessels, and hand

washing with soap, might be effective in preventing the

transmission of cholera in large-scale outbreaks. While

the logistical and behavioural implications of the intro-

duction of a point-of-use safe water system (CDC 2001),

can restrict their use in an emergency setting, they could

reduce the burden of disease and death associated with

cholera in communities where they have been imple-

mented in the framework of long-term interventions. In

such long-term interventions where they have been shown

to be effective in preventing diarrhoeal disease, they may

reduce the magnitude of cholera outbreaks or help abort

their initiation. Future large-scale cholera outbreaks

should also be used to evaluate the effectiveness of

emergency measures aiming at improving hand washing

and water handling practices. In the meantime, efforts

should be made to (1) improve the effectiveness of

communication activities for improved hand hygiene

practices, and (2) ensure the long term sustainability

of interventions aimed at the introduction of safe

water systems in communities at high risk of pathogens

transmitted through the faecal-oral route.
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