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Abstract. We conducted a case-control study to investigate the association between Buruli ulcer (BU) and environ-
mental- and health-related behaviors in southern Benin. Hospital BU cases (N � 324) and sex- and age-matched
neighborhood controls (N � 1,173) answered a questionnaire. Regular use of soap for washing, treating injuries with
soap or antibiotic powder, and frequent contact with flowing water appeared protective against BU.

INTRODUCTION

Buruli ulcer (BU) is a tropical skin disease caused by My-
cobacterium ulcerans. For decades, the disease had been
linked to swampy environments, but BU risk factors remain
poorly understood. Case-control studies conducted so far
have suggested the use of unprotected water,1 wading in riv-
ers,2 and farming close to rivers3 as potential risk factors for
BU, whereas wearing clothes during farming activities2,3 and
using soap for washing2 were potential protective factors.
Identification of modifiable risk factors that could lead to
interventions for BU control in endemic areas is of primary
importance. We report the results of a case-control study in-
vestigating the association between BU and some environ-
mental and health-related behaviors in southern Benin. We
used neighborhood controls to take account of the large geo-
graphic variation in environmental exposure to M. ulcerans.

MATERIALS AND METHODS

This study was part of a larger case-control study conducted
from August 2002 to August 2003 in southern Benin to
estimate the protective effectiveness of Bacillus Calmette
Guerin (BCG) against BU. The methods of this study have
been described elsewhere.4 Briefly, a series of clinically diag-
nosed BU cases were recruited in two health centers (the
Center Sanitaire et Nutritionnel Gbemoten at Zagnanado
and the Center de Dépistage et de Traitement de l’Ulcère de
Buruli at Lalo). They were individually sex- and age-matched
to neighborhood controls selected using a door-to-door sys-
tematic procedure starting from the case’s house, aiming for
four controls per case. Participants (or guardians for children)
answered a questionnaire including questions on socioeco-
nomic characteristics and environmental- and health-related
factors. The questionnaire was pre-tested and translated into
Fon and Adja, the local languages.

Odds ratios (ORs) and 95% confidence intervals (95% CIs)
were calculated using conditional logistic regression. A mul-
tivariate model, adjusted for socioeconomic status, was built
using a backward procedure. Data were analyzed with
STATA (version 9.0).The study was approved by the Be-
ninese Ministry of Public health.

RESULTS

In total, 1,173 controls were matched to 324 cases. Among
cases, the median age was 13 years (11 months to 80 years),
and 45% were female. One half of the cases were confirmed
by at least one laboratory test positive for M. ulcerans,5 and
43% presented an ulcerative BU lesion. Because of matching,
sex, age, and region of residence were similar in cases and
controls. Cases were more likely than controls to live in ce-
mented or brick houses and were of higher socioeconomic
status as measured by a score of item ownership and educa-
tion level of the head of the household. However, there was
no evidence that education level of cases and controls dif-
fered.4 Associations of BU with environmental- and health-
related risk factors are presented in Table 1. Risk of BU
decreased with increasing frequency of contact with flowing
water and increased with contact with stagnant water. Access
to drinkable water was similar for cases and controls, but
cases were more likely to fetch water from ponds, swamps,
lakes, or backwaters and less often from rivers or streams.
There was no evidence for an association between the risk of
BU and farming on a daily basis or on marshy land. Farming
without clothes covering the upper limbs was associated with
a reduced risk of BU. Health-seeking behavior, as estimated
by the use of traditional medicine and place to buy treatment
during the last episode of illness, did not differ among cases
and controls. Compared with cases, controls were more likely
to have used soap, antibiotic powder, or gone to the health
center for treating injuries and less often used mosquito nets.
Using soap for washing on a daily basis was associated with a
decreased risk of BU. A family history of BU was as frequent
in controls as in cases.

In a multivariate analysis (Table 2), using soap or antibiotic
powder to treat injuries, contact with flowing water, and using
soap for washing were found to be independently associated
with a decreased risk of BU. Farming without clothes cover-
ing upper limbs was not included in the multivariate model
because the likely explanation was that those with lesions
tended to cover them.

DISCUSSION

Our study suggests that simple hygiene measures could be
important in preventing BU. Use of soap for washing was
found to decrease the risk of BU as in a Ghanaian study,2 and
treating injuries with soap or antibiotic powder also seemed
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protective. If soap or antibiotic powder could prevent infec-
tion by M. ulcerans by cleaning the skin2 or injuries, this could
be of public health relevance. The decreased risk of BU with
increased flowing water contacts could also be linked with
cleanliness. This contrasts with previous studies reporting
wading2 and swimming6 in rivers as potential BU risk factors.

In the univariate analysis, cases reported more frequent con-
tacts with stagnant water. The risks from water contact will
depend on the environmental distribution of M. ulcerans in
different settings.

Consistent with others studies, drawing water2,7 and farm-
ing activities2 were not found to be independently associated

TABLE 1
Associations of BU with environmental- and health-related variables—univariate analysis

Total cases/total controls Cases [N (%)] Controls [N (%)] OR [95% CI] P value

Contact with flowing water 318/1,133 < 0.001
Never 175 (55.0) 414 (36.5) 1
< 1 time/day 101 (31.8) 375 (33.1) 0.46 [0.32–0.66]
1 time/day 42 (13.2) 344 (30.4) 0.10 [0.06–0.18]

Contact with stagnant water 315/1,133 0.002†
Never 189 (60.0) 735 (64.9) 1
< 1 time/day 78 (24.8) 277 (24.5) 1.35 [0.93–1.98]
1 time/day 48 (15.2) 121 (10.7) 2.12 [1.32–3.39]

Access to drinkable water‡ 324/1,173 239 (73.8) 844 (72.0) 1.25 [0.83–1.88] 0.28

Fetch surface water for drinking 321/1,146 < 0.001
No 269 (83.8) 953 (81.6) 1
Yes, from river, stream 22 (6.9) 152 (13.3) 0.27 [0.11–0.49]
Yes, from lake, pond, swamp, backwater 30 (9.4) 59 (5.2) 1.97 [1.06–3.67]

Participation in farming 320/1,149 0.45
< 1 time/day 239 (74.7) 873 (76.0) 1
1 time/day 81 (25.3) 276 (24.0) 1.14 [0.82–1.58]

Farming on marshy land/close to a water point 318/1,134 0.26
Never 174 (54.7) 567 (50.0) 1
< 1 time/day 97 (30.5) 396 (34.9) 0.76 [0.54–1.06]
1 time/day 47 (14.8) 171 (15.1) 0.88 [0.56–1.39]

Farming without clothes covering upper limbs 318/1,139 < 0.001
Never 160 (50.3) 230 (20.2) 1
< 1 time/day 143 (45.0) 767 (67.3) 0.18 [0.13–0.25]
1 time/day 15 (4.7) 142 (12.5) 0.11 [0.06–0.20]

Used traditional medicine during last episode of illness§ 289/1,023 17 (5.9) 47 (4.6) 1.48 [0.79–2.78] 0.23

Brought treatment§ 290/1,024 0.50
No 19 (6.6) 65 (6.4) 0.95 [0.51–1.76]
Health centre 183 (63.1) 613 (59.9) 1
Market/traditional practitioner 88 (30.3) 346 (33.8) 0.82 [0.59–1.15]

Treatment for injuries 314/1,108 < 0.001
Nothing, water, plants 48 (15.3) 96 (8.7) 1
Health centre, antibiotic powder, soap 266 (84.7) 1,012 (9.3) 0.46 [0.30–0.69]

Uses soap for washing (1 time/day) 320/1,149 186 (58.1) 1,001 (91.3) 0.17 [0.12–0.23] < 0.001

Uses mosquito nets 320/1,120 210 (65.6) 685 (61.2) 1.42 [1.03–1.96] 0.030

BU in the family¶ 296/998 38 (12.8) 127 (12.7) 1.05 [0.70–1.60] 0.80
* likelihood ratio test—conditional logistic regression.
† Likelihood ratio test for trend.
‡ Drinkable water: tap water, protected well, protected source, pump, water in bottle.
§ Subjects reporting that they never had an injury/they had never been ill are considered as missing values.
¶ Grandparents/parents, brothers/sisters, children/grandchildren, wife/husband.

TABLE 2
Associations of BU with environmental- and health-related variables—multivariate analysis

Cases (N � 291) Controls (N � 970) OR [95% CI]* P†

Contact with flowing water < 0.001
Never 158 (54.3) 354 (36.5) 1
< 1 time/d 97 (33.3) 322 (33.2) 0.47 [0.30–0.74]
1 time/d 36 (12.4) 294 (30.3) 0.13 [0.07–0.24]

Treatment for injuries < 0.001
Nothing, water, plants 45 (15.5) 87 (9.0) 1
Health centre, antibiotic powder, soap 246 (84.6) 883 (91.0) 0.41 [0.25–0.67]

Uses soap for waiting (1 time/d) 169 (58.1) 844 (87.0) 0.25 [0.17–0.37] < 0.001
* Adjusted for socioeconomic status (score of ownership and type of house).
† Likelihood ratio test—conditional logistic regression.
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with BU, nor was the use of mosquito nets. In contrast to
previous reports, access to drinkable water1 did not seem to
be associated with BU, and our data do not suggest that wear-
ing clothes during farming activities is protective against BU.
This could fit with the hypothesis of a possible immune pro-
tection against BU provided by frequent insect bites,8 but the
most likely explanation is that subjects with BU typically wear
clothes to hide skin lesions.

Our data were collected through a questionnaire. This can-
not measure accurately the true variation in environmental
contacts and health-related behaviors, and there is a possibil-
ity of recall and social desirability biases. Cases were inter-
viewed in the hospital and were asked to recall the time be-
fore the lesion, which will have contributed to inaccuracies,
and because cases and controls were interviewed in different
places, different teams were used, and blinding was not pos-
sible. Nevertheless, the results fit with those from another
study and the benefits of soap use go beyond BU. Soap is an
uncontroversial, cheap, and potentially important interven-
tion to prevent a severe emerging disease.
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