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Abstract

Background

Buruli ulcer (BU) is a cutaneous infectious disease caused byMycobacterium ulcerans.
The exact mode of transmission remains elusive; yet, some studies identified environmen-

tal, socio-sanitary, and behavioral risk factors. The purpose of this study was to assess the

association of such factors to contracting BU in Tiassalé, south Côte d’Ivoire.

Methodology

A case-control study was conducted in 2012. Cases were BU patients diagnosed according

to clinical definition put forth by the World Health Organization, readily confirmed by IS2404

polymerase chain reaction (PCR) analysis prior to our study and recruited at one of the

health centers of the district. Two controls were matched for each control, by age group (to

the nearest 5 years), sex, and living community. Participants were interviewed after provid-

ing oral witnessed consent, assessing behavioral, environmental, and socio-sanitary

factors.

Principal Findings

A total of 51 incident and prevalent cases and 102 controls were enrolled. Sex ratio (male:

female) was 0.9. Median age was 25 years (range: 5–70 years). Regular contact with unpro-

tected surface water (adjusted odds ratio (aOR) = 6.5; 95% confidence interval (CI) = 2.1–

19.7) and absence of protective equipment during agricultural activities (aOR = 18.5, 95%

CI = 5.2–66.7) were identified as the main factors associated with the risk of contracting BU.

Etiologic fractions among exposed to both factors were 84.9% and 94.6%, respectively.

Good knowledge about the risks that may result in BU (aOR = 0.3, 95% CI = 0.1–0.8) and

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004327 January 8, 2016 1 / 15

OPEN ACCESS

Citation: N’krumah RTAS, Koné B, Tiembre I, Cissé
G, Pluschke G, Tanner M, et al. (2016) Socio-
Environmental Factors Associated with the Risk of
Contracting Buruli Ulcer in Tiassalé, South Côte
d’Ivoire: A Case-Control Study. PLoS Negl Trop Dis
10(1): e0004327. doi:10.1371/journal.pntd.0004327

Editor: Christian Johnson, Fondation Raoul
Follereau, FRANCE

Received: May 30, 2015

Accepted: December 4, 2015

Published: January 8, 2016

Copyright: © 2016 N’krumah et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: The Canadian International Development
Research Centre (IDRC) financed the whole project
in West Africa (grant number 104270-013) and the
Swiss Tropical and Public Health Institute (Swiss
TPH), leading house in Switzerland of the Centre
Suisse de Recherches Scientifiques en Côte d’Ivoire
(CSRS) provided additional funds to enhance data
collection in Côte d’Ivoire. The funders had no role in
study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by edoc

https://core.ac.uk/display/33303444?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0004327&domain=pdf
http://creativecommons.org/licenses/by/4.0/


perception about the disease causes (aOR = 0.1, 95% CI = 0.02–0.3) showed protection

against BU with a respective preventive fraction of 70% and 90%.

Conclusions/Significance

Main risk factors identified in this study were the contact with unprotected water bodies

through daily activities and the absence of protective equipment during agricultural activi-

ties. An effective strategy to reduce the incidence of BU should involve compliance with pro-

tective equipment during agricultural activities and avoidance of contact with surface water

and community capacity building through training and sensitization.

Author Summary

In Côte d’Ivoire, West Africa, Buruli ulcer (BU) is the second leading cause of mycobacte-
rial infection after tuberculosis. Moreover, Côte d’Ivoire is one of the most affected coun-
tries worldwide by BU. Studies suggest that the reservoir of this mycobacterial infection is
environmental, but the exact mode of disease transmission is still not known. The main
strategy for the control of BU is early detection of cases and to treat them with antibiotics.
In order to improve our understanding of the risk for contracting BU, which would allow
primary prevention of the disease, a case-control study was conducted in 2012 in the dis-
trict of Tiassalé, located in the southern part of Côte d’Ivoire, where the rain forest meets
the savannah. We found that regular contact with unprotected surface water was an
important factor associated with the risk of contracting BU. Such water contacts occur
during agricultural activities, as well as washing, bathing, and swimming practices. An
effective strategy to prevent BU in the district of Tiassalé–and perhaps in other endemic
areas–will have to focus on improved access to clean water at the household, and sensitiza-
tion and education for better practices in subsistence agriculture.

Introduction
Buruli ulcer (BU) is an infectious skin disease caused by the environmental mycobacterium,
Mycobacterium ulcerans. It is the third most common mycobacterial disease in the world in
immunocompetent individuals, after tuberculosis and leprosy [1–3] and the second one in
Côte d’Ivoire after tuberculosis [4]. It occurs at any age but the majority of sufferers are chil-
dren aged below 15 years [5–7], mainly in tropical and subtropical regions, in rural marshy
areas [8–11]. According to the World Health Organization (WHO), the countries most affected
by BU in the past 10 years were Benin, Côte d’Ivoire, and Ghana in Africa; French Guyana in
Latin America; and Australia and Papua New Guinea in Oceania [12]. The reservoir ofM.
ulcerans seems to be environmental, but the exact mode(s) of disease transmission remain to
be elucidated [13,14].

There are multiple endemic foci of BU in Côte d’Ivoire, distributed throughout the country.
The total number of cases reported between 2004 and 2014 was 19,145 [12]. In 1997, during
the first national survey, 10,382 cases were identified with a mean national prevalence of 0.32
per 1,000 inhabitants [4]. Data suggest that national strategies for the management of BU do
not reach the most heavily affected rural communities. Areas around cities such as Bouaké in
central Côte d’Ivoire, Daloa in the west-central part of the country, and Tiassalé in the southern
part are particularly affected. In 1998, a high prevalence of BU (up to 22%) was found in some
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villages of Bouaké and Daloa [4] and from 2004 to 2007, 112 cases of BU were recorded in a
single village (Sokrogbo) of the district of Tiassalé [15].

Several epidemiologic studies have been conducted in Africa and some other parts of the
world to identify risk factors forM. ulcerans disease. Frequently reported risk factors are the
contact of individuals with stagnant or slow flowing surface water through swimming, fishing,
laundry, washing dishes, water supply, etc. [16–20], wearing short clothes during agricultural
activities [21,22], and agricultural land use [23]. Protecting factors have also been identified by
those studies. BU risk reduction was associated with the use of protected water sources, hygiene
practices such as the use of bath soap, alcohol use for wound care and for cleaning body areas
concerned by insect bites, and wearing long clothing (long-sleeved shirts and pants, boots, and
gloves) for agricultural activities [24,25].

In Côte d’Ivoire, very few studies [5,8] on risk factors associated to BU have been conducted.
Ahoua et al. [5] showed in 2009 in the regions of Bouaké, Man, and Daloa that the occurrence
of BU was significantly associated with the use of unprotected water (ponds, creeks, rivers and
dams) and living or practicing agricultural activities nearby aquatic ecosystems. Earlier in
1995, Marston et al. [8] revealed the association of BU to agricultural activities in the region of
Daloa. Wearing long pants was a protecting factor. In addition to the aforementioned risk fac-
tors, the role of insect bites in the transmission ofM. ulcerans has been extensively studied
worldwide and in Africa [11,15,17,21,26,27]. In Côte d’Ivoire, for example, Doannio et al. [15]
revealed the molecular signatures ofM. ulcerans in the tissues of two water bugs (generaMicro-
necta and Diplonychus) identified as potential vectors in the transmission ofM. ulcerans in the
village of Sokrogbo (Tiassalé district). In Benin, from a 1-year mosquitoes and aquatic insects
sampling and analysis by qPCR,M. ulcerans was detected in around 8.7% of aquatic insects but
never in mosquitoes (larvae or adults) or in other flying insects [27], although previous studies
[17,21,26] indicated a role of mosquitoes as vectors in the transmission of BU. Another 1-year
longitudinal sampling and analysis of aquatic macro-invertebrates and vertebrates in Camer-
oon [11] showed the presence ofM. ulcerans in nearly all taxonomic groups of the aquatic
community and it was approximately evenly distributed among the whole community.

To date, the precise mode of transmission of BU remains elusive. It has been assumed that
the pathogen is transmitted to humans by direct contact of injured skin with contaminated
water or through biting of some aquatic insects. Against this background, identification of risk
factors associated with the onset of BU are crucial for prevention and control of BU. Those risk
factors may vary from one region to another based on environmental, socio-economic, and
behavioral patterns.

The region of Tiassalé is located in the forest-savannah transition zone in southern Côte
d’Ivoire, crossed from North to South by two main rivers (i.e., Bandama and N’zi). The region,
which, before 1980, was ranked among the minor zones of BU, gradually became an important
focus of BU shortly after the construction of a hydroelectric dam in the late 1970s. Indeed,
Tiassalé became a wetland, characterized by subsistence farming, including lowland rice culti-
vation and swamps. Generally speaking, there are only few epidemiologic studies pertaining to
BU in Côte d’Ivoire [5,8]. In the region of Tiassalé, apart from one study on the potential vec-
tors of BU [15], no investigations on risk factors were carried out. The ecologic or environmen-
tal characteristics (wet, marshy areas) and behavioral patterns (agriculture, water access for
household) of that region might explain the high endemicity of BU.

The main goal of the current study was to deepen our understanding of the transmission
process of BU in Tiassalé for an efficient control of the disease. Specific objectives were (i) to
assess risk factors of BU in the district of Tiassalé; (2) to determine etiologic and preventive
fractions among exposed groups; and (3) to suggest efficient control strategies.
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Methods

Ethics Statement
This research was carried out in the frame of a project entitled “Ecohealth approach in water
and health management under climate change: adaptation strategies to drought and flooding
events in four countries in West Africa”, implemented from 2009 to 2013. In Côte d’Ivoire, the
National Ethics Committee cleared the research protocol (reference no. 5383/MSHP, dated 28
October 2009). In addition, agreement and a letter of support were obtained from the district
medical officer at Tiassalé to collect data in the health centers of the district. Due to high illiter-
acy rates among rural dwellers in Tiassalé, oral informed consent was obtained from adults
(cases and controls) or from parents (or legal guardians) of any individual aged below 18 years
(cases and controls), in the presence of an eye witness (health worker) before enrolment and
interview. The ethics committee explicitly approved this consent procedure. Participation was
voluntary, and hence, people could withdraw anytime without further obligation. In Côte
d’Ivoire, the treatment of BU is free of charge according to national guidelines [28,29] and
cases were recruited and interviewed when they came for their daily free treatments.

Study Design and Case Definition
A case-control study was conducted in the district of Tiassalé. Incident and prevalent cases
were recruited between18 August and 10 September 2012 at the hospital and rural health cen-
ters of the district while they were seeking care.

Cases were defined as any BU patient diagnosed according to WHO clinical definition
[14,30] and confirmed by IS2404 polymerase chain reaction (PCR) analysis conducted at the
Institut Pasteur in Abidjan. Patients of all ages and both sex were enrolled, most of whom lived
in the district of Tiassalé and presented at the local health centers or the hospital.

Controls were defined as patients with diseases other than BU who were seeking care at the
same hospital or health centers as the cases. Controls were randomly selected and matched to
cases to the nearest 5 years, sex, and type of residency (rural or urban). Two controls were
selected for each case.

Study Area
The district of Tiassalé is located in southern Côte d’Ivoire, extending from latitude 5°32' N to
6°24' N, and from longitude 4°29' W to 5°14' W. The district is composed of two sub-prefec-
tures: Tiassalé and Taabo. In Taabo, a hydroelectric dam was constructed across the Bandama
River in the late 1970s that formed an impoundment of approximately 69 km2 [31–33] (Fig 1).

According to the General Census of Population and Housing of 2014, the total population
of the district of Tiassalé was 263,495 [34]. The climate is tropical and humid. The average
annual rainfall is 1,740 mm with an average annual temperature of 26.6°C [35,36]. The popula-
tion of the Tiassalé district is predominantly rural and people are mainly engaged in subsis-
tence farming.

Sample Size
The size of the sample was estimated using EpiInfo (version 3.5.3) sample calculation tool. We
considered an unprotected surface water exposure frequency of 25% [5,8]; set alpha to 5%, and
a power to 80% [22]. Our aim was to identify risk factors with an odds ratio (OR) of 3 or
higher. Hence, a minimum of 50 cases and 100 controls were required.
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Fig 1. Map of the district of Tiassalé, in south Côte d’Ivoire.

doi:10.1371/journal.pntd.0004327.g001
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Data Collection
Cases were recruited at the hospital of the city of Tiassalé and at the health centers of the vil-
lages of Taabo, Ahondo, Kotiéssou, Léléblé, N’Doucy, N’Zianouan, and Sokrogbo, all located
in the district of Tiassalé. At the hospital of Tiassalé, the research team met the district medical
officer who introduced them to the coordinator of BU control in the district, also responsible
of the treatment of cases at the hospital, and to nurses in charge of BU treatment in the villages.
In each health center, the research team came in the morning (from 7 a.m. to noon), stayed
with the BU treatment team and recruited within persons coming for their daily treatment. For
each case, two controls were recruited in the same center at the reception desk, by a two-stage
sampling method [5,37,38]. Having explained the purpose of the study to case-matched
patients waiting for consultation at the desk, numbers were associated to each patient having
accepted to participate in the study. The two controls were chosen at random within the
patients with numbers. When only two case-matched patients were available at the moment of
selection, they were selected. In case of absence of matching patients, they were recruited when
new patients came or the following days. Patients were interviewed after their consultation and
care.

After having obtained oral informed witnessed consent, with the BU care givers as witness,
a pre-tested questionnaire was administered to cases and controls to collect information on
their socio-demographic status (e.g., age, sex, education, and marital status) and their knowl-
edge, attitude, and practices (e.g., agricultural practices, wearing protective clothing during
such activities, swimming, fishing, living and working place, source of drinking water, vaccina-
tion against Bacilli Calmette-Guérin (BCG), etc.). BCG vaccination was assessed by identifying
the presence of the scar on the left shoulder around the deltoid region. Clinical features of cases
were also assessed, including clinical forms and categories, location of lesions, signs, and
symptoms.

A questionnaire was administrated by trained field enumerators either in French or trans-
lated to one of the local languages (i.e., Baoulé and Malinké). If need be, a community health
worker assisted the field enumerators during the interviews.

Statistical Analysis
Data quality control was systematically conducted on all questionnaires. Data were processed
and analyzed using EpiInfo, version 3.5.3 (Centers for Disease Control and Prevention;
Atlanta, United States of America).

BU was the dependent variable, while socio-demographic factors, knowledge, attitude, and
practices of participants, environmental patterns of their living and working places were inde-
pendent variables. All variables were described through proportions. Univariate analysis was
used to describe the association between BU and independent variables. Statistical significance
was determined by consulting 95% confidence intervals (CIs), checking whether or not 1 was
included for the observed ORs.

Multiple conditional logistic regression analysis using a step down backward elimination
process was performed to identify the factors that are significantly associated with BU first-
lyand secondly to control possible confounding factors. At each regression, factors associ-
ated to BU with a p-value of the Wald test (Z statistic) greater 0.25 were eliminated. We
then removed, one by one, the explanatory variables with p-values between 0.05 and 0.25
until the final model with variables associated to BU with a p-value less than or equal to
0.05.

The etiological fraction among people exposed to risk factors (EFe) and the preventive frac-
tion among people exposed to protective factors of BU (PFe) were estimated.
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Results
Overall, 51 cases and 102 controls were enrolled. Questionnaires were filled in during the sur-
vey, registered for data analysis, and quality-controlled before statistical analysis.

Socio-Demographic Characteristics of Cases
Table 1 shows the main socio-demographic and clinical characteristics of cases. Among the 51 BU
cases, 24 (47.1%) were males, thus the sex ratio (male/female) was 0.9. The age of the BU cases ran-
ged between 5 and 70 years with a median age of 25 years. About half of the BU cases were in the
age range of 15–35 years. Among adult BU cases, the main socioeconomic activity is subsistence
farming. The proportion of agricultural activities among controls was significantly lower (45.1%
versus 28.4%; p<0.05). Among the 51 BU cases interviewed, 29 (56.9%) had no formal school edu-
cation. The respective proportion among controls (39.2%) was significantly lower (p<0.05).

Clinical Features and Management of BU Patients
Most cases of BU recruited (96.0%) were prevalent cases (Table 1). We found that 64.7% of
cases were vaccinated against BCG. The first symptom of BU in most of cases interviewed

Table 1. Socio-demographic and clinical characteristics of BU cases in the district of Tiassalé, south Côte d'Ivoire (community-matched case con-
trol study, August-September 2012).

Characteristics BU cases (n, %) Characteristics BU cases (n, %)

N 51 (100) Type of BU cases

Sex Incident cases 2 (4.0)

Male 24 (47.1) Prevalent cases 49 (96.0)

Female 27 (52.9)

BCG* vaccination status

Age in years (median, range) 25 (5–70) Vaccinated 33 (64.7)

˂10 4 (7.8) Unvaccinated 18 (35.3)

10–14 9 (17.6)

15–25 16 (31.4) Early symptoms

26–35 9 (17.6) Small button on the skin 44 (86.3)

˃35 13 (25.5) Swelling of the body part 7 (13.7)

Professional activities Clinical forms

Agriculture 23 (45.1) Nodule/plaque 0 (0.0)

Student 9 (17.6) Oedema 2 (4.0)

Official 1 (2.0) Ulceration 49 (96.0)

No activity 13 (25.5)

Other 5 (9.8) Localisation of lesion

Lower limbs 39 (76.5)

Educational attainment Upper limbs 9 (17.6)

Primary 14 (27.5) Other parts 3 (5.9)

Secondary 8 (15.7)

No education 29 (56.9) Lesions classification

Category I (D** ˂5 Cm) 2 (3.9)

Marital status Category II (D: 5–15 Cm) 26 (51.0)

Married/cohabiting 22 (43.1) Category III (D ˃ 15 Cm) 23 (45.1)

Single/widow(er) 29 (56.9)

*: Bacille Calmette-Guérin

**: Diameter

doi:10.1371/journal.pntd.0004327.t001
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(86.3%) was the appearance of a small hard nodule on the skin. Oedematous forms, as another
early sign of BU, were cited by another 13.7% of the cases. The main observed lesions at time of
data collection were ulcers (96.1%), most frequently located on the lower limbs (76.5%) or
upper limbs (17.5%) with a predominance of lesions of category II (51.0%), characterized by a
lesion diameter of 5–15 cm (Fig 2).

Most of BU patients (84.3%) reported that their care through the existing health system in
the district of Tiassalé was provided free of charge, while 15.7% of cases reported specific
costs incurred for medical bandages and compresses. The majority of cases (90.0%) used tra-
ditional medicine as the first means of care. Two-third (36/51; 66.6%) of BU cases came at a
health center for their first consultation more than 2 months after the onset of the disease;
29.4% between 1 and 2 months, and only 5.8% reached a health center less than 1 month
after disease onset.

Univariate Analysis of Factors Associated with the Risk of Contracting
BU

Socio-demographic factors associated with contracting BU. Illiteracy was positively
associated with contracting BU (OR = 2.0, 95% CI = 1.0–4.0) (Table 2). A lack of knowledge on
the risks of contracting BU (OR = 3.0, 95% CI = 1.5–6.0) was significantly associated with its
occurrence. The EFe was 66.4% (95% CI = 32.1–83.4%). Most subjects (59.5%) who lacked
good knowledge about risk factors for contracting BU attributed it to a mystical cause. The EFe
was 63.0% (95% CI = 22.4–82.3%).

Fig 2. Buruli ulcer case in the sanitary district of Tiassalé, south Côte d’Ivoire (case-control study, August-September 2012, Source: N’krumah
et al.).

doi:10.1371/journal.pntd.0004327.g002
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Environmental and behavioral factors associated with contracting BU. The regular con-
tact with open surface water (i.e., river, pond, creek, and dam) was associated with higher odds
of contracting BU (OR = 9.3, 95% CI = 4.3–20.0). The EFe due to regular contact with these
open sources was 89.2% (95% CI = 76.7–95.0%). Proximity of households to water points was
positively associated with the occurrence of BU (OR = 2.3, 95% CI = 1.2–4.6). The EFe was
56.7% (95% CI = 14.0–78.2%).

The most risky daily activities directly or indirectly related to water contact were farming
(rice and vegetables) and fishing (OR = 5.6, 95% CI = 2.6–12.3), contacting water for household
supply at surface water points (OR = 3.3, 95% CI = 1.6–6.6) (S1 Fig), and washing and/or bath-
ing at surface water points (OR = 2.5, 95% CI = 1.1–5.6). The EFe due to agricultural activities
(farming/fishing) was 82.3% (95% CI = 61.4–91.8%). Those of water supply and laundry activi-
ties/swimming at water points were respectively 69.0% (95% CI = 37.3–84.7%) and 60.6% (95%
CI = 12.5–82.3%).

The regular wearing of protective equipment (OR = 0.3, 95% CI = 0.1–0.6), such as boots,
gloves, and long clothing that cover large parts of the body was associated with low odds of
contracting BU. The PFe was 71.3% (95% CI = 41.9–85.8%).

Insect bites. The risk of contracting BU was significantly associated with insect bites
(OR = 2.6, 95% CI = 1.2–5.1). The EFe was 61.7.9% (95% CI = 23.4–80.8%).

Table 2. Univariate analysis of selected variables for BU in the district of Tiassalé, south Côte d'Ivoire (case-control study, August-September
2012).

No. (%) of cases No. (%) of controls Univariate OR EFe or PFe

Characteristics Subject (n = 51) Subject (n = 102) (95% CI) (95% CI

Socio-demographic factors

Education status: no education/primary and secondary 29 (56.9) 40 (39.2) 2.0 (1.0–4,0) 51.1 (3.2–75.3)

Knowledge about the risk which may result in BU: little/good 34 (66.7) 41 (40.2) 3.0 (1.5–6.0)* 66.4 (32.1–
83.4)

Perception about BU: mystical disease/natural disease 38 (74.5) 53 (52.0) 2.7 (1.3–5.7)* 63.0 (22.4–
82.3)

Environmental factors and water contact activities

Regular contact with a surface water source (river/creek/dam/lake): yes/no 36 (70.6) 21 (20.6) 9.3 (4.3–20.0)
*

89.2 (76.7–
95.0)

Distance between a surface water point and place of residence: ˂500 m/˃500 m 30 (58.8) 39 (38.2) 2.3 (1.2–4.6)* 56.7 (14.0–
78.2)

Regular agricultural activities (irrigated rice): yes/no 40 (78.4) 40 (39.2) 5.6 (2.6–12.3)
*

82.3 (61.4–
91.8)

Regular washing/bathing/swimming in surface water: yes/no 41 (80.4) 63 (61.8) 2.5 (1.1–5.6)* 60.6 (12.5–
82.3)

Regular water supply at a surface water point (river/creek/dam): yes/no 34 (66.7) 39 (38.2) 3.2 (1.6–6.6)* 69.0 (37.3–
84.7)

Wearing protective equipment (boots/gloves/long pants and clothes) during agricultural
activities: no/yes

22 (43.1) 74 (72.5) 0.3 (0.1–0.6)* 71.3 (41.9–
85.8)

Insect bites

Insect bites during water contact activities: yes/no 32 (62.7) 40 (39.2) 2.6 (1.3–5.2) 61.7 (23.4–
80.8)

Health-related factors

Presence of local trauma on the skin during water contact activities: yes/no 27 (52.9) 47 (46.1) 1.3 (0.7–2.6) 24.0 (1.0 61.3)

BCG vaccination status: unvaccinated/vaccinated 18 (35.3) 62 (60.8) 0.4 (0.2–0.7)* 64.8 (29.2–
82.5)

* Significant association between variable and BU

CI, confidence interval; EFe, etiologic fraction among the exposed; PFe, preventive fraction among the exposed; OR, odds ratio

doi:10.1371/journal.pntd.0004327.t002
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Health-related factors. A history of skin trauma was not significantly associated with the
occurrence of BU (OR = 1.3, 95% CI = 0.7–2.6). A history of BCG vaccination (OR = 0.4, 95%
CI = 0.2–0.7) was associated with low odds of contracting BU. The PFe was 64.8% (95%
CI = 29.2–82.5%).

Multivariate Analysis of Factors Associated with the Risk of Contracting
BU
Regular contact with unprotected water points (i.e., pond, creek, river, and dam) was associated
with the occurrence of BU (adjusted OR (aOR) = 6.5, 95% CI = 2.1–19.7) with an etiologic frac-
tion (EFe) of 84.9% (Table 3). This contact with the water points is made through agriculture
activities and fishing (aOR = 6.3, 95% CI = 1.8–21.9) (S2 Fig) and washing/bathing/swimming
activities (aOR = 7.5, 95% CI = 2.0–27.8) (S3 Fig) with respective EFe of 84.1% and 86.7%. Also
the absence of protective equipment (e.g., boots, gloves, long sleeved shirts, and pants) for agri-
cultural activities or in contact with surface water was associated with a higher risk of contract-
ing BU (aOR = 18.5, 95% CI = 5.2–66.7) and an EFe of 94.6%. A good knowledge of people on
the risk factors of BU (aOR = 0.3, 95% CI = 0.1–0.8) and a good perception about BU causes
(aOR = 0.1, 95% CI = 0.02–0.3) were protective against the disease with respective preventive
fractions (PFe) of 70% and 90%.

Discussion
Our study identified significant risk factors associated with the occurrence of BU and estimated
the impact of risk factors at the onset of this disease. We found that regular contact of people
with unprotected water points, such as ponds, creeks, rivers, and dams was significantly associ-
ated with the occurrence of BU with about 85% of cases attributable to regular contact with
unsafe surface water. This contact with water points was mainly due to agricultural activities
(e.g., rice farming, market gardening, and fishing) and washing/bathing/swimming activities.
In addition, a lack of knowledge on BU risk factors was significantly associated with the occur-
rence of the disease. In fact, it was observed that the majority of the participants associated BU
to mystical causes. However, wearing protective equipment (e.g., boots, gloves, long sleeved
shirts, and pants) before getting in contact with surface water was a protective factor against
BU.

Table 3. Multivariate backward eliminationmodel of conditional logistic regression for risk factors for BU in the district of Tiassalé, south Côte
d'Ivoire (case-control study, August-September 2012).

Characteristics aOR (95% CI) Coef EFe or PFe (%) P value

Regular contact with a surface point 6.5 (2.1–19.7) 1.9 84.9 0.001*

Agricultural activities in contact with surface water 6.3 (1.8–21.9) 1.8 84.1 0.004*

Absence of protective equipment during agricultural activities in contact with surface water 18.5 (5.2–66.7) 2.9 94.6 ˂0.001*

Washing/bathing/swimming in a surface water 7.5 (2.0–27.8) 2.0 86.7 0.003*

Good knowledge about the risks that may result in BU 0.3 (0.1–0.8) -1.4 70.0 0.021*

Good perception about the disease causes 0.1 (0.02–0.3) -2.4 90.0 ˂0.001*

CONSTANT* -4.3 * <0.001

* Statistically significant

aOR, adjusted odds ratio; CI, confidence interval; Coef. Coefficient; EFe, etiologic fraction among the exposed PFe:preventive fraction among the

exposed

doi:10.1371/journal.pntd.0004327.t003
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Case-control studies have several limitations, including the potential for recall bias that
might have negatively affected our study. Most of the cases enrolled in our study were living
with the disease more than one year and we assumed that the association of disease persistence
may be confounded with disease development [22]. Two cases were 5-year-old and the others
were aged 9 years and above. For the 5-year-old cases, parents/guardians answers may have
been biased. Also, our study may suffer of a selection bias, as we recruited only cases coming to
health centers for care, and hence, they have been included at different time points after receiv-
ing the diagnosis. They could have already received some basic information on the disease.
This is likely to introduce a recall bias. We tried to minimize recall bias in the current study by
applying a well-designed (mindful of cultural and context sensitivity) and thoroughly pre-
tested questionnaire, followed by a careful multivariate analysis to separate risk factors and
confounders. The minimum odds ratio (3.0) used for determining the size of the respondents
could look high and may have make some associations too weak to observe.

However, the results found in our study are similar to several other epidemiologic studies
conducted worldwide to identify risk factors associated with the occurrence of BU
[5,8,17,20,22,24,25,39] validating in such our results. As also shown by our results, clinical
diagnosis and management of BU in Africa mostly occurs at a late stage when the ulcer is
already present and has a sizable dimension [4,40–43]. The Ivorian national BU survey carried
out in 1997 found a proportion of ulcerated forms of 86.5% for reported cases [4]. This propor-
tion is less than the one obtained in our study (96.1%). Both of the proportions may result
from the late recourse to medical care by BU cases. The main socioeconomic activity of BU
cases in the district of Tiassalé is subsistence agriculture (45.1%). Indeed, rice production is
made around the dam and in humid lowlands. Berliat [40] found a similar proportion (47.0%)
in a prior case-control study carried out in Manikro in central Côte d'Ivoire. A case-control
study conducted in neighbouring Ghana showed that 44.0% of BU patients were engaged in
subsistence agriculture [44].

In our study most patients with BU live in rural areas (78.4%) where access to clean water
for family use is difficult, forcing the population to collect water from unprotected surface
sources. This observation might explain why the EFe due to regular contact with open surface
water, such as creeks, rivers, lakes, and dams is very high (84.9%). A history of local skin
trauma (e.g., wounds and boils) was not associated with the occurrence of BU. This result is in
agreement with other studies conducted in Côte d’Ivoire [45–47]. Unlike univariate analysis
showed that the risk of BU was significantly associated with insect bites, the conditional logistic
regression analysis rejected this risk factor. However, the association of insect bites with the
occurrence of BU has been described by several authors [48–53]. In this context, it is important
to note that the contact with water bodies that is strongly associated with the risk of contracting
BU in our study may well be linked to aquatic insect bites that occur during such contact
periods.

About half of the BU cases in our study were aged between 15 and 35 years. This observa-
tion is in contrast to prior studies observing that school-aged children are the most affected
[4,6,38]. A possible explanation is that patients in the age group 15–35 years can travel more
easily to hospitals or heath centers for care, as opposed to children below the age of 15 years
who must be accompanied by parents/guardians who are busy with their day-to-day agricul-
tural and other livelihood activities. Beyond the risk factors in the onset of BU that have been
described, this study measured the share accountability of these risk factors in determining the
EFe. This measure of the impact of the risk factors is missing in the majority of the studies on
risk factors we reviewed.

To enhance the prevention and control of BU in the endemic health district of Tiassalé,
capacity building (awareness and education) in rural communities, placing particular emphasis
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on the risk of contracting BU through contact with surface water, the necessity of wearing pro-
tecting equipment during such activities, and on correcting wrong perception about the disease
should be envisaged. Additionally, measures for improved access to clean water should be
strengthened. The effect of such measures could have an effect beyond BU, as shown in recent
studies targeting on a host of other neglected tropical diseases [54–56].

Conclusions
Our study showed that the main risk factors for BU in the region of Tiassalé in south Côte
d’Ivoire is the contact with unprotected water bodies through daily activities such as agriculture
(e.g., rice cultivation and fishing), laundry, and bathing. A good knowledge on the disease
transmission process and the disease causes is likely to protect against it.

Compliance with protective equipment during agricultural activities and/or contact with
surface water and community capacity building through training and sensitization on BU
emerge as key strategies for the prevention of BU in the district of Tiassalé and potentially else-
where in Côte d’Ivoire. Importantly, these measures could help avoid up to 95% of BU cases.
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S1 Checklist. STROBE checklist of items that should be included in reports of case-control
studies.
(PDF)

S1 Database. Database of the study (case-control study, August-September 2012, Source:
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S1 Fig. A woman from Tiassalé district, collecting water at a surface water point (case-con-
trol study, August-September 2012, Source: N’krumah et al.).
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S3 Fig. Laundry and swimming activities in a village of Tiassalé district, South Côte
d’Ivoire (case-control study, August-September 2012, Source: N’krumah et al.).
(TIF)

Acknowledgments
We thank all those at the ‘Centre Suisse de Recherches Scientifiques en Côte d’Ivoire’ (CSRS)
who assisted us during the collection and analysis of the data, mainly Dr Emmanuel L. J. C.
Esso, Dr Kigbafori D. Silué, Mr Richard K. M’bra, and the officials and staff of the public hospi-
tal of Tiassalé. We also thank Prof. Bassirou Bonfoh, Director-General of CSRS, for reviewing
this paper.

Author Contributions
Conceived and designed the experiments: RTASN BK IT GC. Performed the experiments:
RTASN BK. Analyzed the data: RTASN BK. Wrote the paper: RTASN BK IT GC GP MT JU.

Socio-Environmental Risk Factors of Contracting Buruli Ulcer

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004327 January 8, 2016 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004327.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004327.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004327.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004327.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004327.s005


References
1. Aujoulat I, Huguet-Ribas MP, Koita Y. L’ulcère de Buruli: un problème de santé publique méconnu,

appelant une mobilisation internationale. Développement et Santé. 1996, 125: 22–30.

2. Darie H. Infection parMycobacterium ulcerans: aspects épidémiologiques, cliniques et thérapeutiques.
Bull Soc Pathol Exot. 2003, 96: 368–371. PMID: 15015841

3. Huang GK, Johnson PD. Epidemiology and management of Buruli ulcer. Expert Rev Anti Infect Ther.
2014, 12: 855–865. doi: 10.1586/14787210.2014.910113 PMID: 24918117

4. Kanga JM et Kacou ED. Aspect épidémiologiques de l’ulcère de Buruli en Côte d’Ivoire: résultat d’une
enquête national. Bull Soc Pathol Exot. 2001, 94: 46–51. PMID: 11346983

5. Ahoua L, Guetta AN, Ekanza E, Bouzid S, N’Guessan R, Dosso M. Risk factors for Buruli ulcer in Côte
d’Ivoire: Results of a cas-control study, August 2001. African Journal of Biotechnology. 2009, 8: 536–
546.

6. Landier J, Gaudart J, Carolan K, Lo-Seen D, Guégan JF, Eyangoh S. Spatio-temporal patterns and
landscape-associated risk of Buruli ulcer in Akonolinga, Cameroon. PLoS Negl Trop Dis 2014; 8:
e3123. doi: 10.1371/journal.pntd.0003123 PMID: 25188464

7. Portaels F, Johnson P, MeyersWM. Buruli ulcer: diagnosis ofMycobacterium ulcerans disease: a man-
ual for health care providers. World Health Organization, 2001. https://extranet.who.int/iris/restricted/
handle/10665/67000; accessed 24 May 2015.

8. Marston BJ, Diallo MO, Horsburgh CG Jr, Diomande I, Saki MZ, Kanga JM et al. Emergence of Buruli
ulcer disease in the Daloa region of Côte d’Ivoire. Am J Trop Med Hyg 1995; 52: 219–224. PMID:
7694962

9. van der Werf TS, van der Graaf WTA, Tappero JW, Asiedu K.Mycobacterium ulcerans infection. Lan-
cet. 1999; 354: 1013–1018. PMID: 10501380

10. Bratschi MW, Bolz M, Minyem JC, Grize L, Wantong FG, Kerber S, et al. Geographic distribution, age
pattern and sites of lesions in a cohort of Buruli ulcer patients from the Mapé Basin of Cameroon. PLoS
Negl Trop Dis 2013; 7: e2252. doi: 10.1371/journal.pntd.0002252 PMID: 23785529

11. Garchitorena A, Roche B, Kamgang R, Ossomba J, Babonneau J, Landier J. et al.Mycobacterium
ulcerans ecological dynamics and its association with freshwater ecosystems and aquatic communi-
ties: results from a 12-month environmental survey in Cameroon. PLoS Negl Trop Dis 2014; 8: e2879.
doi: 10.1371/journal.pntd.0002879 PMID: 24831924

12. World Health Organization. Country data for Buruli ulcer. 2015. Database [Internet]. http://apps.who.int/
neglected_diseases/ntddata/buruli/buruli.html

13. Aron JL, Patz JA. Ecosystem change and public health. The Johns Hopkins University Press, Balti-
more, USA, 2001.

14. Asiedu K, Portaels F. Introduction. In: Asiedu K, Scherpbier R, Raviglione M (eds). Ulcère de Buruli:
infection àMycobacterium ulcerans. Geneva: World Health Organization; 2005. pp. 5–7.

15. Doannio JMC, Konan KL, Dosso FN, Koné AB, Konan YL, Sankaré Y, et al. Micronecta sp (Corixidae)
et Diplonychus sp (Belostomatidae), deux hémiptères aquatiques hôtes et/ou vecteurs potentiels de
Mycobacterium ulcerans agent pathogène de l’ulcère de Buruli en Côte d’Ivoire. Med Trop. 2011; 71:
53–57.

16. Thangaraj HS, Evans MRW,Wansbrough-Jones MH.Mycobacterium ulcerans disease; Buruli ulcer.
Trans-R Soc Trop Med Hyg 1999. 93: 337–340. PMID: 10674068

17. Raghunathan PL, Whitney EA, Asamoa K, Stienstra Y, Taylor TH Jr, Amofah GK et al. Risk factors for
Buruli ulcer disease (Mycobacterium ulcerans Infection): results from a case-control study in Ghana.
Clin Infect Dis 2005. 40: 1445–1453. PMID: 15844067

18. Johnson PDR, Stinear T, Pamela LC, Pluschke G, Merritt RW, Portaels F et al. Buruli ulcer (M. ulcerans
infection): new insights, new hope for disease control. PLoSMed 2005. 2: e108. PMID: 15839744

19. Duker AA. Spatial analysis of factors implicated inMycobacterium ulcerans infection in Ghana. PhD
Thesis, Wageningen University. 2005. http://www.itc.nl/library/Papers_2005/phd/duker.pdf

20. Quek TY, Athan E, Henry MJ, Pasco JA, Redden-Hoare J, Hughes A, et al. Risk factors forMycobacte-
rium ulcerans infection, southeastern Australia. Emerg Infect Dis 2007. 13: 1661–1666. doi: 10.3201/
eid1311.061206 PMID: 18217548

21. Pouillot R, Matias G, Wondjie C, Portaels F, Valin N, Ngos F, et al. Risk factors for Buruli ulcer: a case
control study in Cameroon. PLoS Negl Trop Dis 2007; 1:e101. PMID: 18160977

22. Kenu E, Nyarko KM, Seefeld L, Ganu V, Käser M, Lartey M et al. Risk Factors for Buruli Ulcer in Ghana
—A Case Control Study in the Suhum-Kraboa-Coaltar and Akuapem South Districts of the Eastern
Region. PLoS Negl Trop Dis 2014; 8: e3279. doi: 10.1371/journal.pntd.0003279 PMID: 25411974

Socio-Environmental Risk Factors of Contracting Buruli Ulcer

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004327 January 8, 2016 13 / 15

http://www.ncbi.nlm.nih.gov/pubmed/15015841
http://dx.doi.org/10.1586/14787210.2014.910113
http://www.ncbi.nlm.nih.gov/pubmed/24918117
http://www.ncbi.nlm.nih.gov/pubmed/11346983
http://dx.doi.org/10.1371/journal.pntd.0003123
http://www.ncbi.nlm.nih.gov/pubmed/25188464
https://extranet.who.int/iris/restricted/handle/10665/67000
https://extranet.who.int/iris/restricted/handle/10665/67000
http://www.ncbi.nlm.nih.gov/pubmed/7694962
http://www.ncbi.nlm.nih.gov/pubmed/10501380
http://dx.doi.org/10.1371/journal.pntd.0002252
http://www.ncbi.nlm.nih.gov/pubmed/23785529
http://dx.doi.org/10.1371/journal.pntd.0002879
http://www.ncbi.nlm.nih.gov/pubmed/24831924
http://apps.who.int/neglected_diseases/ntddata/buruli/buruli.html
http://apps.who.int/neglected_diseases/ntddata/buruli/buruli.html
http://www.ncbi.nlm.nih.gov/pubmed/10674068
http://www.ncbi.nlm.nih.gov/pubmed/15844067
http://www.ncbi.nlm.nih.gov/pubmed/15839744
http://www.itc.nl/library/Papers_2005/phd/duker.pdf
http://dx.doi.org/10.3201/eid1311.061206
http://dx.doi.org/10.3201/eid1311.061206
http://www.ncbi.nlm.nih.gov/pubmed/18217548
http://www.ncbi.nlm.nih.gov/pubmed/18160977
http://dx.doi.org/10.1371/journal.pntd.0003279
http://www.ncbi.nlm.nih.gov/pubmed/25411974


23. Wagner T, BenbowME, Brenden TO, Qi J, Johnson RC. Buruli ulcer disease prevalence in Benin,
West Africa: associations with land use/cover and the identification of disease clusters. Int J Health
Geogr 2008; 7:25. doi: 10.1186/1476-072X-7-25 PMID: 18505567

24. Debacker M, Portaels F, Aguiar J, Steunou C, Zinsou C, MeyersWM et al. Risk factors for Buruli ulcer,
Benin. Emerg Infect Dis 2006; 12: 1325–31. PMID: 17073079

25. Nackers F, Johnson RC, Glynn JR, Zinsou C, Tonglet R, Portaels F et al. Environmental and health-
related risk factors forMycobacterium ulcerans disease (Buruli ulcer) in Benin. Am J Trop Med Hyg
2007; 77: 834–6. PMID: 17984337

26. Landier J, Boisier P, Fotso Piam F, Noumen-Djeunga B, Sime J, Wantong G et al. Adequate wound
care and use of bed nets as protective factors against Buruli Ulcer: results from a case-control study in
Cameroon. PLoS Negl Trop Dis 2011; 5:e1392. doi: 10.1371/journal.pntd.0001392 PMID: 22087346

27. Zogo B, Djenontin A, Carolan K, Babonneau J, Guegan J- F, Eyangoh S, et al. A Field Study in Benin to
Investigate the Role of Mosquitoes and Other Flying Insects in the Ecology ofMycobacterium ulcerans.
PLoS Negl Trop Dis 2015; 9: e0003941. doi: 10.1371/journal.pntd.0003941 PMID: 26196901

28. Kanga JM, Kacou DE, Sangaré A, Dabila Y, Asse NH, Djakeaux S. Les rechutes observées après le
traitement chirurgical des cas d'ulcère de Buruli en Côte d'Ivoire. Bull Soc Patho Exot 2003; 96: 406–
409.

29. Kanga JM, Kacou ED, Kouamé K, Kassi K, Kaloga M, Yao JK et al. La lutte contre l’ulcère de Buruli.
Expérience de la Côte d’Ivoire. Bull Soc Pathol Exot 2006; 99: 34–38. PMID: 16568681

30. WHO. Ulcère de Buruli: rapport de situation 2004–2008. Revue épidémiologique hebdomadaire. 2008;
83: 145–156.

31. Sanyu Consultants Inc & JICA. Plan directeur de gestion intégrée des ressources en eau en Côte
d’Ivoire. Rapport Final, 2001.

32. N'Goran EK, Utzinger J, Gnaka HN, Yapi A, N'Guessan NA, Kigbafori SD, et al. Randomized, double-
blind, placebo-controlled trial of oral artemether for the prevention of patent Schistosoma haematobium
infections. Am J Trop Med Hyg 2003; 68: 24–32. PMID: 12556143

33. Koné S, Baikoro N, N'Guessan Y, Jaeger FN, Silué KD, Fürst T, et al. Health & Demographic Surveil-
lance System Profile: The Taabo Health and Demographic Surveillance System, Côte d'Ivoire. Int J Epi-
demiol 2015; 44: 87–97. doi: 10.1093/ije/dyu221 PMID: 25433704

34. INS. Synthèse des résultats définitifs du recensement général de la population et de l'habitat de la Côte
d’Ivoire. Institut National de Statistique. 2014.

35. Brou YT. Climat, mutations socio-économiques et paysages en Côte d’Ivoire. Mémoire de synthèse
des activités scientifiques présenté en vue de l’obtention de l’habilitation à diriger des recherches. Uni-
versité des Sciences et Techniques de Lille. 2005.

36. Goula BTA, Konan B, Brou YT, Savané I, Fadika V, Srohourou B. Estimation des pluies exception-
nelles journalières en zone tropicale: cas de la Côte d’Ivoire par comparaison des lois Lognormale et
de Gumbel. Hydrol Sc J 2007; 52: 49–67.

37. Dodge H, Romig H. Sampling inspection tables: single and double sampling. New York. 1959.

38. Lemeshow S, Stroh G. Sampling techniques for evaluating health parameters in developing countries.
Washington D.C. National Academy Press. 1988.

39. Jacobsen KH and Padgett JJ. Risk factors forMycobacterium ulcerans infection. Int J Infect Dis 2010;
14: e677–e681. doi: 10.1016/j.ijid.2009.11.013 PMID: 20185351

40. Berliat G. L’ulcère de Buruli en Côte d’Ivoire: à propos de 54 cas. Thèse de médecine; faculté de méde-
cine de Lyon, France, 1999.

41. Songné B, Abété B, Scotté M, Tignokpa N, Valenti P, Tchangaï-Walla KL. Ulcère de Buruli au Togo: 21
cas. Presse Med 2001; 30: 533.

42. Narh CA, Mossi L, Quaye C, Tay SCK, Bonfoh B, De Souza DK. Genotyping tools forMycobacterium
ulcerans–drawbacks and future prospects. Mycobact Dis 2014; 4:149.

43. Narh CA, Mosi L, Quaye C, Dassi C, Konan DO, Tay SCK, et al. Source trackingMycobacterium ulcer-
ans infections in the Ashanti region, Ghana. PLoS Negl Trop Dis 2015; 9: e0003437. doi: 10.1371/
journal.pntd.0003437 PMID: 25612300

44. Amofah GK, Bonsu F, Tetteh C, Okrah J, Asamoa K, Asiedu K, et al. Buruli ulcer in Ghana: results of a
national case search. Emerg Infect Dis 2002; 8: 167–170. PMID: 11897068

45. Meyers MW, Shelly WM, Connor DH, Meyers EKH.Mycobacterium ulcerans infection developing at
sites of trauma to skin. Am J Trop Med Hyg 1974; 23: 919–923. PMID: 4451232

46. Darie H, Le Guadec T, Touze JE. Aspects épidémiologiques et cliniques de l’ulcère de Buruli en Côte
d’Ivoire: à propos de 124 observations récentes. Bull Soc Pathol Exot 1993, 86:272–276. PMID:
8292919

Socio-Environmental Risk Factors of Contracting Buruli Ulcer

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004327 January 8, 2016 14 / 15

http://dx.doi.org/10.1186/1476-072X-7-25
http://www.ncbi.nlm.nih.gov/pubmed/18505567
http://www.ncbi.nlm.nih.gov/pubmed/17073079
http://www.ncbi.nlm.nih.gov/pubmed/17984337
http://dx.doi.org/10.1371/journal.pntd.0001392
http://www.ncbi.nlm.nih.gov/pubmed/22087346
http://dx.doi.org/10.1371/journal.pntd.0003941
http://www.ncbi.nlm.nih.gov/pubmed/26196901
http://www.ncbi.nlm.nih.gov/pubmed/16568681
http://www.ncbi.nlm.nih.gov/pubmed/12556143
http://dx.doi.org/10.1093/ije/dyu221
http://www.ncbi.nlm.nih.gov/pubmed/25433704
http://dx.doi.org/10.1016/j.ijid.2009.11.013
http://www.ncbi.nlm.nih.gov/pubmed/20185351
http://dx.doi.org/10.1371/journal.pntd.0003437
http://dx.doi.org/10.1371/journal.pntd.0003437
http://www.ncbi.nlm.nih.gov/pubmed/25612300
http://www.ncbi.nlm.nih.gov/pubmed/11897068
http://www.ncbi.nlm.nih.gov/pubmed/4451232
http://www.ncbi.nlm.nih.gov/pubmed/8292919


47. Portaels F, Traore H, De Ridder K, MeyersWM. In vitro susceptibility ofMycobacterium ulcerans to
clarithromycine. Antimicrob Agents Chemother. 1998; 42: 2070–2073. PMID: 9687409

48. Marsollier L, Deniaux E, Brodin P, Marot A, Wondje CM, Saint-André JP et al. Protection againstMyco-
bacterium ulcerans lesion development by exposure to aquatic insect saliva. Plos Medicine. 2007. 4:
288–296.

49. Willson SJ, Kaufman MG, Merrit RW, Willimson HR, Malakauskas DM, Willson SJ et al. Fish and
amphibians as potential reservoirs ofMycobacterium ulcerans, the causative agent of Buruli ulcer dis-
ease. Infect Ecol Epidemiol. 2013; 3: 19946.

50. Ratmanov P, Mediannikov O, Didier R. Vectorborne diseases in West Africa: geographic distribution
and geospatial characteristics. Trans R Soc Trop Med Hyg 2013; 107: 273–284. doi: 10.1093/trstmh/
trt020 PMID: 23479360

51. Carson C, Lavender CJ, Handasyde KA, O’Brien CR, Hewitt N, Paul DR, et al. Potential wildlife senti-
nels for monitoring the endemic spread of human Buruli ulcer in south-east Australia. PLoS Negl Trop
Dis 2014; 8: e2668. doi: 10.1371/journal.pntd.0002668 PMID: 24498452

52. McIntosh M, Heather W, Eric BM, Ryan K, Charles Q, Daniel B et al. Associations betweenMycobacte-
rium ulcerans and aquatic plant communities of West Africa: implications for Buruli ulcer disease. Eco-
Health. 2014; 11: 184–196. doi: 10.1007/s10393-013-0898-3 PMID: 24442959

53. Benbow EM, Ryan K, McIntosh MD, Heather W, Charles Q, Daniel B, et al. Aquatic macroinvertebrate
assemblages of Ghana, West Africa: understanding the ecology of a neglected tropical disease. Eco-
Health. 2014; 11: 168–183 doi: 10.1007/s10393-013-0886-7 PMID: 24306551

54. Tomczyk S, Deribe K, Brooker SJ, Clark H, Rafique K, Knopp S, et al. Association between footwear
use and neglected tropical diseases: a systematic review and meta-analysis. PLoS Negl Trop Dis
2014; 8: e3285. doi: 10.1371/journal.pntd.0003285 PMID: 25393620

55. Grimes JET, Croll D, HarrisonWE, Utzinger J, FreemanMC, Templeton MR. The Relationship between
Water, Sanitation and Schistosomiasis: A Systematic Review and Meta-analysis. PLoS Negl Trop Dis
2014, 8: e3296. doi: 10.1371/journal.pntd.0003296 PMID: 25474705

56. Krauth SJ, Musard CCV, Traoré SI, Zinsstag J, Achi LY, N’Goran EK, et al. Acces to, and use of, water
by populations living in a schistosomiasis and fascioliasis co-endemic area of northen Côte d’Ivoire.
Acta Trop 2015; pii: S0001-706X(15)30012-7.

Socio-Environmental Risk Factors of Contracting Buruli Ulcer

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004327 January 8, 2016 15 / 15

http://www.ncbi.nlm.nih.gov/pubmed/9687409
http://dx.doi.org/10.1093/trstmh/trt020
http://dx.doi.org/10.1093/trstmh/trt020
http://www.ncbi.nlm.nih.gov/pubmed/23479360
http://dx.doi.org/10.1371/journal.pntd.0002668
http://www.ncbi.nlm.nih.gov/pubmed/24498452
http://dx.doi.org/10.1007/s10393-013-0898-3
http://www.ncbi.nlm.nih.gov/pubmed/24442959
http://dx.doi.org/10.1007/s10393-013-0886-7
http://www.ncbi.nlm.nih.gov/pubmed/24306551
http://dx.doi.org/10.1371/journal.pntd.0003285
http://www.ncbi.nlm.nih.gov/pubmed/25393620
http://dx.doi.org/10.1371/journal.pntd.0003296
http://www.ncbi.nlm.nih.gov/pubmed/25474705

