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Abstract
In April 2000, a large outbreak of cholera due to Vibrio cholerae serotype Ogawa biotype El Tor affected the Island of Pohnpei 
in the Federated States of Micronesia. A Pacific Public Health Surveillance Network team conducted a case control study 
in the middle of the epidemic. The aims of the study were to identify individual and household level risk factors for cholera, 
and to evaluate public health interventions aimed at controlling the outbreak. A case was a person admitted to the Pohnpei 
hospital with acute watery diarrhoea in the months of June and July 2000. We used a pre-tested questionnaire to interview 
cases about exposures in the five days prior to illness and visited their house to collect water samples, observe hygiene, and 
assess uptake of health education. 100 mL water samples were filtered and cultured for V. cholerae. We randomly selected 
neighbouring houses to identify a control that was similar age and sex for each case. Identical observations were made for 
eligible controls where their household members had not had diarrhoea since the beginning of the epidemic. We stored and 
analysed data using an Epi Info version 6.04. 53 case control pairs were enrolled into the study.  The study identified that 
storing food outside uncovered, and having a pit latrine as the main toilet were risk factors for cholera infection. There 
were also several factors that protected against cholera infection, including washing hands after using the toilet and before 
eating, having a container to store safe water, the presence of soap in kitchen and bathroom, the presence of chlorine bleach 
and two or more hand washing buckets, a working refrigerator/ice box, and toilet inside or near the house and having a flush 
toilet. In multivariate analysis, having a working refrigerator/ice box (OR 0.19, 95%CI 0.05–0.70) and Clorox present in the 
house (OR 0.17, 95%CI 0.04–0.81) were strongly protective against illness. Only 13% (14/106) of case households reported 
disinfecting household water with chlorine.  V. cholerae was isolated from the household water supplies of two controls and 
one case. During outbreaks of diarrhoeal disease, public health agencies need to aggressively advise affected communities 
to: disinfect drinking water with clorox bleach, store water in narrow-necked containers, and prepare and store food safely. 
Health authorities should use multiple strategies inform people about preventive hygiene measures, and implement vaccine 
campaigns early in outbreaks of cholera. Improvements in sanitation and hygiene are needed to prevent further cholera 
epidemics in the Pacific. (PHD, 2005 Vol 12 No 2 Pages 17 -22) 
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Discussion
This case control study identified several risk factors 
that are important for controlling the spread of epidemic 
cholera. The study reinforces the importance of good 
personal hygiene, safe water, and appropriate sanitary 
measures in preventing cholera.1,13,14

Good personal hygiene is known to be a protective factor 
against faecal-oral transmission of diarrhoeal diseases.1 
The study showed that “always washing hands before 
eating” was protective against cholera, which is 
consistent with many other diarrhoeal diseases. As well, 
“always washing hands after going to the toilet” was also 
protective although not significantly. This could indicate 

protective practices more present amongst the controls, 
and may also relate to differences in educational levels 
between cases and controls.

The study identified that people in Pohnpei commonly 
prepare food and keep it for consumption at a later 
time. Vibrio cholerae can survive and multiply in many 
kinds of foods once they have become contaminated 

through poor hygiene.15 In this study, uncovered storage 
of food increased a person’s risk of cholera infection. 
Transmission via pre-prepared food is a well known 
source of cholera. During this epidemic, health authorities 
suspected that sharing food at gatherings was a major 
way the epidemic may have spread. Food for these 
gatherings are usually prepared some time before and 
stored inappropriately. At the time of the study, all social 
gatherings with food were banned, except for funerals, 
which were modified to ensure that cholera would not 
spread.

In houses there were several factors that protected 
residents from cholera, which included: having a 

container to store safe water, keeping drinking water in 
a narrow-neck container, having soap in the kitchen or 
in the bathroom, the presence of Clorox bleach in the 
house, using two or more buckets for hand washing, 
having a bucket with water and Clorox, and having a 
working refrigerator/ice box. All of these factors indicate 
households with a better standard of hygiene. 

8

Table 2: Results of matched analysis of individual and household level exposure that  
               were significantly associated with cholera infection, Pohnpei July 2000  

Exposure Number of pairs Odds ratio 
Case + 

Control - 
Case –  

Control + 
(95% CI) 

Individual Level 
Wash hands before eating 2 9 0.2 (0.02–1.1)* 
Store cooked food outside uncovered > ½ day 8 1 8.0 (1.1–355.0) 
Household Level 
Soap present in kitchen 1 23 0.0 (0.0–0.3) 
Soap present in bathroom 4 14 0.3 (0.1–0.9) 
Clorox present in house 2 22 0.1 (0.0–0.4) 
2 handwashing buckets 1 10 0.1 (0.0–0.7) 

Bucket with water and Clorox 3 11 0.3 (0.1–1.0) 
Working refrigerator/ice box 3 27 0.1 (0.0–0.4) 
Container to store water safely 1 8 0.1 (0.0–0.9) 
Narrow-neck water container 2 12 0.2 (0.0–0.8) 
Untreated rain water main source 8 1 8.0 (1.1–355.0) 
Pipe or tap leaking 12 3 4.0 (1.1–22.1) 
Toilet inside house 4 15 0.3 (0.1–0.8) 
Pit latrine 13 4 3.3 (1.0–13.7) 
Holes around pit latrine 10 1 10.0 (1.4–434.0) 
Flush toilet 2 12 0.2 (0.0–0.8) 

* Exact 95% Mid-P limits for maximum likelihood estimate of odds ratio: 0.1-0.9 

Table 3: Results of conditional logistic regression with the variables describing  
               household hygiene, Pohnpei July 2000 (n=104)*

Variables  coefficient Se Odds ratio 
(95% CI) 

p-value 

Presence of a working fridge/ice box -1.64 0.65 0.19 (0.05–0.70) 0.01 
Clorox present in house -1.77 0.79 0.17 (0.04–0.81) 0.03 

* Likelihood Ratio chi square test: 27.5088 with 2 degrees of freedom (p <10-4)
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