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Introduction on Buruli ulcer - a neglected tropical disease 
Codjo, 10 years of age, lives in a remote area in Benin. In this district, Buruli ulcer is highly endemic. 
Some months ago Codjo fell ill with Buruli ulcer and visited a traditional healer without sufficient result. 
Some weeks ago he went to a specialized Buruli ulcer treatment center and currently he is treated with 
antimicrobial therapy. He suffers from painful wound dressing changes and wonders if pain medication 
can relieve his pain. At this point in time, his physician doubts the effect of the antimicrobial therapy 
as his lesion has become larger. Codjo his sister suffered from Buruli ulcer last year and struggles with 
limitations in daily activities such as fetching water from the pump. Moreover she sometimes feels people 
avoid her, and discourage her from visiting traditional festivals in the village. They both acknowledge 
that they should have gone to the hospital earlier for medical treatment.

The story of Codjo and his sister touch upon the main themes addressed in this thesis. In this 
thesis pain related to Buruli ulcer (BU) and practices to identify and relieve pain are addressed, 
as well as the potential value of neopterin in detecting paradoxical reactions, social disabilities 
former patients experience and the referral system of BU patients to specialized BU treatment 
centers. Management of BU patients should include an array of interventions and to address 
patients’ needs, a perspective in which medical, psychological and social aspects, should be taken 
into account. 

The history of Buruli ulcer 
BU is categorized by the World Health Organization (WHO) as one of the neglected tropical 
diseases [1]. It is the third most common mycobacterial infection in immuno-competent humans 
globally, after tuberculosis and leprosy [2]. At the end of the nineteenth century, BU was first 
described by Albert Cook, describing skin ulcers consistent with BU. In 1948, BU was related to 
its causative agent, Mycobacterium ulcerans, by Peter MacCallum and his colleagues in Australia 
[3, 4]. In the 1960s, large numbers of cases were described in the Buruli County, near the Nile River 
in Uganda, giving rise to the name BU [5]. Over the past decade, a growing number of cases have 
emerged [6]. To stress the importance of BU control and to understand this ‘mysterious’ condition, 
the WHO organized the first international meeting on BU in Côte d’Ivoire in July 1998. This resulted 
in the Yamoussoukro Declaration on BU [7]. In May 2004, a resolution was adopted on increasing 
surveillance and control of BU and member states were encouraged to develop tools to diagnose, 
treat and prevent BU [8].
 
Buruli ulcer prevalence 
Today, BU has been reported in over 30 countries worldwide, mainly with humid tropical and 
subtropical climates. Although the number of cases has dropped [6], in West Africa still high number 
of cases are reported, especially in Côte d’Ivoire, Benin and Ghana [9]. In Benin, prevalence rates 
between 5.4 and 60.7 per 10.000 inhabitants have been reported [10], and in Ghana, prevalence 
rates have fluctuated between 2.0 and 15.0 per 10.000 inhabitants [11]. BU affects all ages, but 
especially children are likely to become infected [12]. 
 

Introduction on Buruli ulcer - a neglected tropical disease
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Causative agent, clinical manifestation and treatment 
BU is caused by infection with Mycobacterium ulcerans, an environmental bacterium, producing 
mycolactone, a toxin responsible for the extensive tissue necrosis and immunosuppression [13]. 
The cytotoxicity of mycolactone towards the immune cells causes immunosuppression, and 
eventually the pathogenicity [13]. Mycolactone molecules interfere with the cytoskeleton of 
immune competent and other cells by attacking the Wiskott-Aldrich proteins [14-16]. Infection 
usually starts as a nodule (Figure 1), or a plaque (Figure 2), sometimes accompanied with edema, 
developing into deep ulcers (Figure 3) with typical undermined edges surrounding the ulcer in 
later stages [17]. The treatment of BU entails antimicrobial treatment (8 weeks of oral rifampicin and 
intramuscular streptomycin), supplemented with surgical intervention if required, wound care, 
and Prevention of Disability [18, 19]. Effective antimicrobial therapy became available in 2005, and 
has shown being safe and effective to manage small lesions (< 10 cm, cross-sectional diameter) [20].

Figure 1, a nodule

 
Figure 2, plaque

 

Figure 3, an ulcer

1
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Pain associated with wound care treatment
In literature BU is described as a painless condition, despite the large ulcers [21-23]. Previous 
studies suggested analgesia is caused by mycolactone either damaging nerves or causing 
hyperpolarisation of neurons [21, 23]. In contrast studies described patients reporting painful ulcers 
[24-26], and clinical observations indicated painful wound dressings for at least some of the patients 
affected by BU. Especially the removal of the soiled dressing and cleaning of the wound seemed 
to be painful. Pain during wound care dressings negatively influences the healing process [27] 
and might negatively shape people’s ideas regarding treatment, possibly impacting health care 
seeking behaviour. Wound care is a major aspect of BU treatment and is performed varying 
from daily to thrice a week by a trained nurse, either in a hospital or in a health care center [28]. 
The wound dressing procedure consists of three stages, firstly, removal of the soiled dressing, 
secondly, cleaning of the wound with normal saline and if required debridement, and lastly, 
redressing of the wound. Wound care is essential for protection to enable healing of the wound; 
and it potentially reduces environmental infections of the wound and hospitalization duration [29]. 
Pain can be distinguished in background pain, breakthrough pain or procedural pain. The latter 
is pain associated with invasive procedures, wound cleansings and dressings, and physiotherapy 
[30]. Clinical features of pain involve: location, intensity, duration and quality [31]. The International 
Association for the Study of Pain defines pain as:  
 
‘An unpleasant sensory and emotional experience associated with actual or potential tissue damage, 
or described in terms of such damage.’  

The function of pain is to protect the body against tissue damage. Nociceptive stimulation 
activates free nerve endings initiating a cascade of events such as the release of various substances 
inducing an immune response [32]. The afferent A-δ and C-fibers transmit nociceptive signals to 
the secondary neurons, located in zones of the dorsal horn, the lamina of the spinal cord. These 
secondary neurons further transmit signals to thalamic nociceptive neurons and specific nuclei 
of the brainstem using different pathways. In the cortex the nociceptive stimulus is perceived [32]. 
Pain is a personal experience covering the sensation of pain along with an automatic reactive 
response and the association with cognitive and psychological processes. The interpretation of 
pain is influenced by former experiences, emotional, somatic, and cognitive factors. 
For example, it has been discribed that anticipatory fear and anxiety increases pain experiences [33], 
and cultural beliefs might shape response behaviours and attitudes on pain [34], and might affect 
pain perception determining interpretation of pain and the reaction towards it [35]. A common 
reaction found in various cultures is the denial of physical pain and the stoic reaction towards 
pain [36-39]. 
Most commonly used approaches to measure pain are self report; observational or behavioral; 
and psychological [40]. Ideally, self-report measures are used to obtain pain measures to capture 
the subjectivity of the pain experience not directly observable to others [40]. Among children, faces 
scales are generally preferred, of which the Faces Pain Scale-Revised, the Oucher pain scale, and 
Wong-Baker Faces Pain Rating Scale (WBS) have been most widely used and extensively validated 
[41]. in this thesis the WBS was selected, as health care professionals involved in BU treatment 
centers in Ghana favoured this instrument. The WBS has undergone extensive psychometric 
testing of the validity and reliability, and children reported no difficulties with rating their pain 
using this instrument [41]. 

Introduction on Buruli ulcer - a neglected tropical disease
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Current pain practices in Buruli ulcer treatment
Given the fact that BU has always been described as a painless condition, little is known on 
the practices regarding pain in specialized treatment centers. In general, pain is undertreated 
in poor-resource countries [42] and the WHO has stressed the need to integrate pain treatment 
in daily practice using guidelines for pain management [43]. In this thesis, pain management 
and pain practices are used synonymously and refer to the assessment and treatment of pain, 
including pharmaceutical and non- pharmaceutical aspects. One of the most adhered guideline 
in prescribing pain medication is the WHO pain ladder consisting of three steps of drugs with 
increasing analgesic effects [44] recommended for pain relief in wound pain [45]. Previous studies 
show that perceptions, attitudes and beliefs of health professionals are important in pain 
practices. A review on challenges in effective pediatric pain management in sub-Saharan Africa 
showed barriers related to the availability of- and access to analgesics, a lack of education and 
information among various health workers, and legal barriers such as regulatory restrictions on 
opiates [46]. Furthermore, attitudinal barriers and cultural differences between patients and health 
professionals play a role, as was illustrated in a study among 28 emergency department nurses 
from Central Africa. The study showed that a fear of addiction to opioids, the view that taking 
medication for pain is a sign of weakness, and the belief that pain relief could interfere with 
healing, influenced pain management [47].
 
Paradoxical reactions
Patients indicated to experience pain on the lesion site just before and after ulceration [26]. 
Concurrent a paradoxical reaction, which is a sudden deterioration after initial improvement in 
response to antimicrobial treatment might have occurred [26, 48, 49]. Paradoxical reactions have been 
associated with tuberculosis [50-52], and reversal reactions with leprosy [53]. Paradoxical reactions 
are proposed to occur due to killing of the organism along with a reduction in mycolactone 
which allows an intense immunological response [49]. Such a reaction can easily be mistaken for 
treatment failure unnecessarily leaving medical doctors with the decision to perform surgical 
intervention to remove necrotic tissue and the bacilli. Neopterin is an indicator of activated cellular 
immunity [54] and appeared to have promising value to function as a biomarker to monitor leprosy 
patients during treatment, along with the occurrence of paradoxical reactions [55, 56]. Neopterin is 
one of the cytokines secreted by monocytes, macrophages, dendritic cells, under the control of  
T-lymphocytes and Natural killer cells releasing interferon-γ and tumor necrosis factor [54].
 
International Classification of Functioning and Health
The majority of BU patients still report with advanced disease stages to the specialised treatment 
centers [57] and are more likely to develop disabilities [58] (Figure 4). Historically, disabilities were 
expressed in terms of problems at body levels using a ‘medical lense’. Over the past years the 
emphasis has shifted from medical aspects to more complex forms of disabilities using a ‘social 
lens’, acknowledging the crucial role of society. 
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Figure 4, a disability

Disabilities might be envisioned using the International Classification of Function, Disability 
and Health (ICF) launched in 2001 by the WHO building on an existing framework. Worldwide, 
the model serves to ‘provide a scientific basis for understanding and studying health and 
health-related states, outcomes and determinants [59]. This model is widely applied and uses a 
biopsychosocial approach, meaning that it integrates a medical and social model. The ICF consists 
of three main components which are a health condition, functioning and contextual factors, 
graphically represented in Figure 5. In this model functioning in society is an interaction between 
a health condition and contextual factors. Functioning consists of three different interrelated 
components, namely body functions & structures, activity, and participation [59, 60]. Body functions 
and structures imply the physiological functions and anatomical parts of the body. Activity refers 
to the tasks or actions performed by an individual while participation means to what extent an 
individual is involved in certain life situations. The contextual factors include environmental and 
personal factors. Environmental factors refer to the environment an individual lives in such as the 
physical and social environment whereas, personal factors entail individual characteristics such as 
sex, age, profession, social status, and education [59, 60]. 

 

 

 

Figure 5, International Classification of Functioning, Disability and Health

Introduction on Buruli ulcer - a neglected tropical disease
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A health condition relates to the presence of a disease, disorder or injury which might negatively 
impact functioning and causes disabilities. The definition of disabilities as used in the ICF adhered 
to in this thesis is: ‘a difficulty in functioning at the body, person or societal level in one or more life 
domains, as experience by an individual with a health condition in interaction with contextual 
factors’[61]. A disability might occur at body level (impairments), personal level (activity limitations), 
and at social level (participation restrictions). Impairments are defined as ‘problems in body function 
or structure such as significant deviation or loss’, activity limitations are defined as ‘difficulties an 
individual may have in executing activities’, and participation restrictions are defined as ‘problems 
an individual may experience in involvement in life situations’ [59]. In other words, a person facing a 
health condition is facing a reduced range of motion or sensory loss, and otherwise can experience 
difficulties in walking, or is affected in attending social gatherings in the community. 

Buruli ulcer related disabilities
When looking at BU related disabilities, studies have described contractures, deformities, and 
limited movements of joints as a consequence of soft tissue destruction, including tendons, and 
joints. In Ghana, 27% of the former patients, experienced a reduced range of motion and 22% 
encountered a BU related functional limitation in daily life [62]. Disabilities at the personal level 
have also been described in Benin as functional limitations which remained a major problem 
for almost half of the treated patients irrespective of treatment [58]. More recently, a large cohort 
study showed that in former afflicted patients, 22% had permanent functional problems [63]. When 
looking at the stigma attached to BU, it has been described that cultural beliefs on the mode of 
transmission and not having proper treatment are the most important elements of stigma related 
to BU [64, 65]. Stigma attached to a health condition is considered to be as devastating as the disease 
per see [66] and has major implications on psychosocial aspects of life [67] including on participation 
in society [68].

Participation restrictions
Participation restrictions occur in nine life domains, namely learning and applying knowledge, 
general tasks and demands, communication, mobility, self-care, domestic life, interpersonal 
interactions and relationships, major life areas, and community, social and civic life [60]. In 
Ghana,  people felt restricted in employment, education and training, mobility, and helping and 
supporting other people [69]. Furthermore, in India, restrictions were predominantly encountered 
restrictions related to employment [70]. In Nigeria, most reported restrictions were related to 
employment, domestic life and interpersonal relations [71]. Visible signs of a health condition, 
severity of impairments, but also severity of activity limitations might aggravate the severity of 
participation restrictions [72, 73]. The confusion on conceptualisation of participation restrictions 
remains an obstacle [74, 75] resulting in numerous instruments that have been developed [76-79]. 
When searching for an instrument to assess participation restrictions suitable for the West African 
context, the Participation Scale (P-scale) (appendix 1) showed most promising value [80]. The  
P-scale was developed and validated among people with disability related conditions or other 
stigmatising conditions aged 15 years or older in Brazil, Nepal and India [80]. To date, the P-scale 
has been predominantly used in low-and middle income countries [70-73, 81-89], shows acceptable 

Introduction on Buruli ulcer - a neglected tropical disease
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psychometric properties [70, 72, 80, 88], is generic, and is relatively easy to administrate by local health 
care personnel [80]. It is recommended to explore the quality of P-scale in a new cultural context. 
In literature, several definitions are given for various concepts in psychometric properties; in this 
thesis the definitions as proposed in de Vet et al. (2011) are used [90].

Buruli ulcer control
In order to reduce disabilities, the mainstay of BU control entails early case detection by active 
case finding and health education, and early medical treatment. The WHO has developed a 
system to classify lesion sizes which is commonly used to measure early disease presentation. 
This system classifies lesions as category I: lesions cross-sectional diameter of less than 5 cm; as 
category II: lesions of 5-15 cm and category III: lesions of >15 cm; category III also includes lesions 
on important sites (for example eyes) and multiple lesions. Despite extensive efforts, only 32 % of 
the patients report to the hospital with Cat I lesions. There are suggestions that community health 
volunteers can play a vital role in early case detection [91, 92] but further exploration is required [93]. 
Currently, key activities of community health workers are to actively screen community members 
in households, schools, and churches and to refer suspected cases. 

Introduction on Buruli ulcer - a neglected tropical disease
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Thesis outline 
The aim of the thesis is to explore pain related to BU and current pain practices, social disabiity 
the psychosocial impact of BU, the value of neopterin to detect paradoxical reactions and the 
role of various actors in BU control. In the patient history, the story of Codjo reflects the problem 
that patients might experience pain during wound dressing changes and chapter 2 describes 
pain experiences during wound care treatment. Furthermore it is unclear how current pain 
management is organised in specialized treatment centers as indicated by the story of Codjo; 
Codjo suffers from painful wound dressing changes and wonders if pain medication can  
relieve his pain. Chapter 3 provides insights in current pain management in BU treatment and  
chapter 4 addresses the topics discussed during a multidisciplinary workshop on pain  
management and proposes a guide to identify and treat pain. Another topic addressed in this 
thesis is the detection of paradoxical reactions as physicians might perform surgery while a patient 
shows a paradoxical reaction, requiring a biomarker that could aid in decision making regarding 
surgery. Unnecessary surgery might put people at risk for other infections and development 
of disabilities. As described in the story of Codjo, Codjo his physician doubts the effect of the 
antimicrobial therapy as his lesion has become larger. Chapter 5 provides insight in the potential 
value of neopterin to detect paradoxical reactions. Furthermore this thesis addresses social 
participation restrictions among former BU patients after medical treatment. When looking at 
the story of Codjo his sister as described in the casus it is possible that patients might experience 
participation restrictions in social life. Codjo his sister suffered from BU last year and struggles with 
limitations in daily activities such as fetching water from the pump. Moreover she sometimes feels 
people avoid her, and discourage her from visiting traditional festivals in the village. Chapter 6 
explores the proportion of former BU patients experiencing participation restrictions and provides 
insights in predictors of these restrictions. Chapter 7 explores the quality of the P-scale in a new 
cultural context describing the analysis regarding psychometric properties. Finally, detecting 
patients with early lesions, and treatment is the mainstay of BU control with the aim to reduce 
morbidities. This is also described in the story of Codjo and his sister; they both acknowledge that 
they should have gone to the hospital earlier for medical treatment. Chapter 8 explores the role 
of various actors in referral of patients to BU treatment centers in Benin.
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Appendix 1: The Participation Scale (v.6.0) (van Brakel et al. 2006)  
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1 Do you have equal opportunity as your peers to 
find work? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you?  

     1 2 3 5  

2 Do you work as hard as your peers do? (same 
hours, type of work etc) 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

3 Do you contribute to the household economically 
in a similar way to your peers? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

4 Do you make visits outside your village / 
neighbourhood as much as your peers do? 
(except for treatment) e.g. bazaars*, markets 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

5 Do you take part in major festivals and rituals as 
your peers do? (e.g. weddings, funerals,  
religious festivals) 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

6 Do you take as much part in casual recreational / 
social activities as do your peers? (e.g. sports, 
chat, meetings) 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

 

 

 

 

Appendix 1: The Participation Scale (v.6.0) (van Brakel et al. 2006) 
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7 Are you as socially active as your peers are? 
(e.g. in religious / community affairs) 

 0   0      

 [if sometimes or no] How big a problem is it to 
you?  

     1 2 3 5  

8 Do you have the same respect in the community 
as your peers? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

9 Do you have opportunity to take care of yourself 
(appearance, nutrition, health, etc) as well as 
your peers? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

10 Do you have the same opportunities as your 
peers to start or maintain a long-term 
relationship with a life partner? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

11 Do you visit other people in the community as 
often as other people do? 

 0   0      

 [if sometimes or no] How big a problem is it for 
you? 

     1 2 3 5  

12 Do you move around inside and outside the 
house and around the village / neighbourhood 
just as other people do? 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

13 In your village / neighbourhood, do you visit 
public places as often as other people do? (e.g. 
schools, shops, offices, market and tea/coffee 
shops*)  

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  
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14 In your home, do you do household work?  0   0      

 [if sometimes or no] How big a problem is it to 
you?  

     1 2 3 5  

15 In family discussions, does your opinion count?  0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

16 Do you help other people? (e.g. neighbours, 
friends or relatives) 

 0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

17 Are you comfortable meeting new people?  0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

18 Do you feel confident to try to learn new things?  0   0      

 [if sometimes or no] How big a problem is it to 
you? 

     1 2 3 5  

* deleted 

Comment:                  TOTAL: 

 

Name:________________________________________ 

Age:__________   Gender:__________ 

Interviewer:____________________________________ 

Date of interview:___/___/_____	  
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Abstract
Buruli ulcer (BU) is a necrotizing skin disease caused by Mycobacterium ulcerans. People living 
in remote areas in tropical sub-Saharan Africa are mostly affected. Wound care is an important 
component of BU management, which often needs to be extended for months after the 
initial antibiotic treatment. BU is reported in the literature as being painless, however clinical 
observations revealed that some patients experienced pain during wound care. This was the first 
study on pain intensity during and after wound care in BU patients and factors associated with 
pain. In Ghana and Benin, 52 BU patients above 5 years of age and their relatives were included 
between December 2012 and May 2014. Information on pain intensity during and after wound 
care was obtained during two consecutive weeks using the Wong-Baker Pain Scale. Median pain 
intensity during wound care was in the lower range (Mdn = 2, CV = 1), but severe pain (score 
> 6) was reported in nearly 30% of the patients. Nevertheless, only one patient received pain 
medication. Pain declined over time to low scores 2 hours after treatment. Factors associated 
with higher self-reported pain scores were; male gender, fear prior to treatment, pain during the 
night prior to treatment, and pain caused by cleaning the wound. The general idea that BU is 
painless is incorrect for the wound care procedure. This procedural pain deserves attention and 
appropriate intervention.
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Introduction
Buruli ulcer (BU) is one of the 17 Neglected Tropical Diseases, for which the World Health 
Organization (WHO) set their priority to improve treatment [1]. BU is highly prevalent in remote 
areas in sub-Saharan Africa such as Benin and Ghana and destroys skin, subcutaneous fat, and 
sometimes bone [2]. The disease affects all ages, but impacts predominantly on children aged 4-15 
years [3,4]. Patients typically present with painless non-ulcerated lesions or ulcers with undermined 
edges [2,5], which are treated by antimicrobial agents (rifampicin and streptomycin), supplemented 
with surgical intervention if needed [6]. Even with this treatment, ulcers may last several months to 
over a year before they finally heal, leaving patients with scarring, calcification, contractures, and 
functional limitations [7,8].
Appropriate wound care is an important aspect of treatment, because it contributes to wound 
healing and reduces the risk of secondary infections, prolonged hospitalization and functional 
disabilities. Wound care is usually performed twice or thrice a week by a nurse, in a dressing room 
where -commonly- the patient is accompanied by a relative. This can either be in a specialized 
treatment center or in a local health center. 
Pain during wound care, that is, procedural pain, is commonly observed in the clinic. Procedural 
pain is caused by every manipulation involving the wound [9], in contrast to background pain, 
which is experienced while resting. Clinical observations contrast with the literature, describing 
BU as a painless condition, despite the large and deep ulcers and tissue damage [10,11]. Empirical 
clinical studies on pain in BU are currently lacking, and there is a dire need to confirm these 
clinical observations. According to the WHO guidance on Buruli ulcer treatment, adequate pain 
relief should be provided before the dressings of large ulcers are changed however, specific 
information on how pain should be managed is not provided [12]. A general guidance on the basic 
principles of wound management in resource-poor settings could be useful to build on a Buruli 
ulcer -specific clinical practice guideline [13].
Self-report pain scales are the gold standard in pain assessment [14]. The Wong-Baker Faces Pain 
Rating Scale (WBS) is a recommended self-report measure for children ≥ 5 years of age [15]. In 
children aged five to seven years and those with cognitive or verbal communication deficits, 
however, the psychometric properties of this scale are lower [16], and an alternative scale with 
three faces is often used [17]. Factors affecting the patient’s pain score can be divided into stable 
and modifiable factors, related to the patient, disease or environment (Table 1) [18]. 
Generally, women report more pain than men, while previous pain experiences can work both 
ways; that is, by decreasing due to habituation, or increasing by sensitization. Furthermore, 
younger age was related to more pain behavior in a study among children aged six to 11 years [19]. 
The invasiveness, noxiousness and duration of the procedure are known to increase pain [18], and 
the anticipation of undergoing painful procedures may elevate fear or anxiety in patients, which 
is known to increase pain [20,21]. To verify the clinical observations on pain during wound care in 
BU, the primary objective of this study was to examine procedural pain in BU patients ≥ 5 years of 
age. The second objective was to examine which patient - and procedural factors influence the 
pain score. Besides, the psychometric properties of the WBS, and patients’ comprehension of this 
scale were examined.
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Table 1. Stable and modifiable factors related to procedural pain 

 
	  

Stable factors Patient 1) Sex 
2) Age 
3) Previous hospitalizations 

Disease 4) Duration of current hospitalization 
5) Recurrent case or not  
6) Surgery or not 
7) Type of lesion 
8) Category of lesion 
9) Location of pain 

Modifiable 
factors  

Patient 10) Fear (state) 
Environment 11) Relative’s presence  
Disease 12) Pain during removal of bandage (wet) 

13) Pain during removal of bandage (dry) 
14) Surgical debridement 
15) Type of cleaning of wound 
16) Pain during cleaning 
17) Food intake prior to treatment 
18) Pain during the night 
19) Use of pain medication 

Table 1. Stable and modifiable factors related to procedural pain 

Methods
Study design and ethics
This observational study used a repeated measures design. Data were collected between 
December 2012 and May 2014 in the Buruli ulcer treatment centers in Allada and Lalo, located in 
the Atlantic and Couffo regions in the south of Benin, and in the hospital in Agogo, located in the 
Ashanti-Akim North District in Ghana. The Beninoise National Medical Ethical Committee (ref:1961/
MS/DC/SGM/DRF/ SRAO/SA) and the Ghanaian Committee of Human Research, publications and 
Ethics from the Kwame Nkrumah University of Science and Technology (ref: CHRPE/AP/230/12) 
approved the study. Data were collected once a week, for two consecutive weeks. In each of the 
two weeks, five assessments were performed, respectively ½ h prior to (T1), during (T2), and ½ 
h (T3), 1 h (T4), and 2 h (T5) after wound care. The measures in the second week were used to 
examine the test-retest reliability of the pain scales. 
 
Setting 
Data were collected in three specialized BU treatment centers; Lalo, Allada, and Agogo. These 
three centers are specialized for BU treatment, and the main referral center for local health posts. 
The referral centers provide diagnostic procedures, antibiotic treatment, and surgical services 
if needed, in accordance with WHO guidelines [12]. Although variation exists between different 
settings [22], generally, wound care is performed twice or thrice per week by a nurse, in a dressing 
room where the patient is accompanied by a relative. The bandage is removed by the patient 
or the relative, the wound is cleaned by the attending nurse with water or normal saline, or 
solutions like hypochlorite, Betadine or metronidazole, after which new bandages are applied. 
This repetitive procedure takes place throughout the entire admission period, until the wound 
has healed. The dressing room is cleaned daily and well equipped with dressing material, cleaning 
products and gloves.
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Participants
One day before the intended interview, all BU patients who were clinically diagnosed, in line with 
the definitions of the WHO [23] above five years of age and their relatives were approached and 
informed about the study. Written informed consent was documented from all patients > 18 
years of age, and parents of patients < 18 years of age. In addition, written assent was obtained 
from patients between 10 and 18 years of age, in accordance with principles of Good Clinical 
Practice. Relatives of patients aged 5-7 years were included as proxy report for the patients, since 
the ability of the young patients to use pain scales was unclear beforehand. Thus, the relatives 
provided additional information about the young patient’s pain. Patients not attending wound 
care or scheduled for surgery on the study day were excluded.

Data collection and procedure
Data were collected through interviews using questionnaires, conducted in the hospital, in a 
private setting at the ward, or in the waiting area outside the dressing room. Interviews were 
conducted with patients and relatives separately. During the interview at T1 (½ h prior to 
treatment), socio demographic information was collected (sex, age, ethnicity, level of education), 
as well as information on previous hospital admissions, previous pain experiences (assessed by 
closed (yes/no) questions) and pain during the past night. Pain was assessed at all five assessment 
points (T1, T2, T3, T4, T5). Fear was assessed at T1. Wound characteristics and procedural factors 
were assessed at T2 by a checklist for each patient, filled in by a research assistant in collaboration 
with a treating nurse. A pain scale accuracy task was proposed at T5 to examine the ability of 
patients to use the pain scales.

Interviewers and translatio of quationnaires
Native interviewers, experienced with questionnaire-based research and able to speak the local 
languages in the study sites in Benin and Ghana, collected the data. At the start of the study, they 
engaged in a training program covering the study procedures, explanation of the questionnaires, 
and potential biases.

The interviews in Benin were conducted in Fon or Adja. The official language in Benin is French, 
thus, all questions were first translated from English to French by a translator fluent in both 
languages, and then orally into Fon by the interviewer. An exception to this was the WBS, for 
which the official French translation was used and translated into Fon. In Ghana, interviews were 
conducted in Twi or other local language in the study site in Ghana. The official language in 
Ghana is English, thus, all questions were orally translated from English into Twi. The official English 
translation of the WBS and the Children’s Fear Scale were used and translated into Twi.

Measures 
Self – reported pain
Wong Baker scale
The WBS was administered to the patients to assess self-reported pain intensity, and to the 
relatives of patients < 7 years of age to examine the validity of the responses of the young patients 
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to the 3-faces scale (described in the next paragraph). The WBS is a one item horizontal scale of 
6 hand-drawn faces, scored from 0 to 10, ranging from a smiling “no hurt” face on the left to a 
crying “hurts worst” face on the right. The WBS has undergone extensive psychometric testing of 
the validity (construct, known group) and reliability (test-retest, concordance with observational 
score, responsiveness) and was used in both acute and disease related pain in children between 
3-18 years of age without cognitive impairment [15].

3-faces scale
The 3-faces scale was used to assess self-reported pain intensity in patients between five and 
seven years of age. This response scale was developed for the PedsQL 4.0 Generic Core scale 
(a pediatric quality of life questionnaire), as an alternative to the 5-point Likert scale for young 
children (ages 5-7) with different conditions [17]. It is a simple 3-point scale (1 = no pain, 2 = a bit of 
pain, 3 = a lot of pain), with each response choice anchored from a happy to a sad face. 

Stable and modifiable factors related to pain
Stable factors (1 to 9) and modifiable factors (10, 11, 18 and 19) (see Table 1) were assessed by a 
questionnaire ½ hour prior to treatment (T1). These included patient factors, such as sex, age, fear, 
and previous hospitalizations, as well as disease factors such as food intake prior to treatment, 
pain during the night and the use of pain medication. 
Stable factors 7 and 8, and modifiable factors 12 to 17 (Table 1), were assessed by a checklist 
during treatment. Wound characteristics, that is the type (plaque, nodule, edema, ulcer < 10 cm, 
ulcer > 10 cm, critical site, osteomyelitis) and category (1, 2 or 3 [24]) of the lesion were noted. 
Removal of the bandage (wet/dry), cleaning of the wound (yes/no), type of cleaning material, 
surgical debridement and covering of the wound, as well as the rated pain-intensity scores (0-10) 
associated with each of these factor was noted.

Fear
Fear was assessed using the Children’s Fear Scale (CFS); a one-item self-report measure consisting 
of five hand-drawn sex-neutral faces. This scale was validated in children between 5 and 10 years 
of age, supporting construct validity, inter-rater reliability and test-retest reliability of the measure 
[25]. This scale was used for all patients, including patients above 10 years of age, because there are 
limited validated self-report tools to measure fear in busy, clinical settings. 

Data analysis
Data were analyzed using SPSS version 20.
Psychometric analysis of the WBS
The psychometric quality of the WBS was examined in our study population by investigating 
the acceptability, concurrent validity, responsiveness and test-retest reliability of the scale. 
Acceptability of the WBS was evaluated by 11 health professionals involved in BU treatment as 
part of another study [chapter 3]. Concurrent validity was tested by comparing the WBS with the 
widely used Faces Pain Scale Revised (FPS-R), which is a one item self-reported pain measure, 
comprising 6 sex-neutral faces of increasing levels of pain. The FPS-R has shown to have good 
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psychometric properties in pediatric patients [15,26,27]. The concurrent validity of the WBS was 
tested by examining the agreement between patients’ responses on the WBS and the FPS-R by a 
two way, fixed effect model Intra Class Correlation single measures/absolute agreement (ICC1,A). 
Responsiveness, that is the ability of the WBS to detect differences between a painful (T2: during 
treatment) and a relatively non-painful (T5: 2 hours after treatment) situation, was examined using 
a Wilcoxon Signed-Rank test. A mean difference of two points on the WBS between T2 and T5 was 
considered to be meaningful [15]. Test-retest reliability of the WBS was examined by comparing 
pain scores of patients between week 1 and week 2 at T1, T2, T3, T4 and T5.

Psychometric analysis of the 3-faces scale
Pain scores of the patients between five and seven years of age on the 3-faces scale were 
transformed to a 0-10 scale (0 = no pain, 5 = a bit of pain, 10 = a lot of pain) - a transformation 
which has been used previously [17] - in order to compare the 3-faces scores of the young patients 
to the WBS scores of their relatives. Since a gold standard is lacking in this situation, convergent 
construct validity was used to provide evidence for the validity of the 3-faces scale scores of the 
young patients [28]. A Pearson’s correlation of 0.64 between the pain report of parent and child was 
found previously in a large meta-analysis, and was considered to be satisfactory construct validity 
[29]. Since Pearson’s r does not take into account systematic errors, a more critical parameter, 
namely the ICC1, A, was used [30]. At each time point (T2 to T5), the ICC1, A was 0.92, 0.72, 0.62 
and 0.54 respectively, supporting the construct validity of the 3-faces scale scores for the young 
patients. Therefore, the transformed 3-faces scores of the young patients were used to describe 
the pain intensity in the young age group.

Accuracy check for the pain scales
An accuracy task was proposed to check whether patients and relatives were able to accurately 
use the WBS, or when appropriate, the 3-faces scale. This gave insight into whether participants 
understood the pain scales. Accuracy was determined by considering whether the judgments 
of pain severity of respondents matched the pain severity depicted in three vignettes, a method 
which was derived from Stanford et al. (2006) [31]. The first vignette addressed no pain (playing 
with friends at home); the second vignette indicated low pain (being pushed down by a play 
mate); the third vignette showed severe pain (burning hand on stove at cooking place).
All patients, and relatives of patients between 5 and 7 years of age, were presented with the three 
vignettes. Patients above 7 years of age and the relatives of patients between 5 and 7 years of age 
responded to the WBS, while the patients between five and seven years of age responded to the 
3-faces scale. The expected score on the WBS for the vignette expressing no pain was 0 or 2, for 
the vignette expressing mild pain 2, 4 or 6, and for the vignette expressing severe pain 6, 8 or 10. 
The expected score on the 3-faces scale was 1 for the first vignette, 2 for the second vignette, and 
3 for the third vignette.
Descriptive statistics were used to assess patient and relative characteristics. The data on pain (WBS, 
3-faces scale) and fear (CFS) were ordinal (6-point intensity scales) and non-normally distributed; 
scores showed a positively skewed distribution. Therefore, the median (Mdn), interquartile range 
(IQR) and Coefficients of Variance were used to describe pain intensity reported by the WBS. 
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The coefficient of variation (COV) for ordinal variables was used as a standardized measure of 
precision, based upon the IQR (25th percentile – 75th percentile/Mdn) [32]. Mann-Whitney U tests 
and Kruskall-Wallis tests statistics were used to examine the relationship between pain intensity 
scores and categorical explanatory variables, and Spearman’s rank correlation was used to 
examine correlations between pain intensity scores and continuous explanatory variables. Due to 
unequally spaced time intervals, a mixed model analysis was used to examine the change in pain 
scores over time. Time was included as a factor with 5 time points. The residuals were checked for 
their normal distribution. 

Results
Patients characteristics
The response rate was 98%: 52/53 agreed to participate. Fifty-two patients were interviewed in 
week one, of which 49 patients were followed up in week two. Patients dropped out because 
of healing of the wound (n = 2) or because treatment was performed in another center (n = 1). 
Twelve patients (23%) were between five and seven years of age, and responded to the 3-faces 
scale instead of the WBS. Their attendant was mostly the mother (n = 8), the father (n = 2) a sister 
or an acquaintance. Irrespective of the type of relationship to the patient, the attendant took 
care of the patient by cooking, washing laundry, cleaning and more. 24 patients were female 
(46%), and the mean age was 16.3 years (SD = 14.3). Two patients reported to have taken pain 
medication prior to wound care, which was either paracetamol or diclofenac.

Validity and reliability of the WBS
Of the 11 interviewed professionals involved in BU treatment [chapte 3], 5 preferred the WBS, 3 
preferred the FPS-R, and 1 found both equally useful, supporting acceptability of the WBS. This is 
consistent with previous studies [15]. The agreement between the WBS and the FPS-R at the time 
points T1, T2, T3, T4 and T5 ranged between 0.97 and 1.00, well above the acceptable threshold 
value of 0.70 [28], supporting concurrent validity. Responsiveness was satisfactory, as indicated by 
a significant difference in medians between T2 and T5 of 2 points. The agreement between the 
pain scores in week 1 and week 2 (ICC1, A) for each time point (T1 to T5) were 0.70, 0.72, 0.70, 
0.81, and 0.49 respectively, thus, test-retest reliability was satisfactory, except for the scores on T5 
(2h post-treatment). We controlled for change in procedural factors between week 1 and week 2, 
and found no differences in soreness of removing the bandage dry (ICC1, A = 0.86) removing the 
bandage with water (ICC1, A = 0.95) and soreness of covering the wound (ICC1, A = 0.93). Clinical 
characteristics of the patient were recorded, and there was only one patient who had surgery 
between week 1 and week 2, who was therefore excluded for the retest measurement.

Pain scale accuracy task
The first vignette was rated as ‘no pain’ (Mdn = 0; CV = 0), the second vignette as ‘mild pain’ 
(Mdn = 4; CV = 0.5) and the third vignette as ‘severe pain’ (Mdn = 6; CV =0.33). Thus, patients’ 
and relatives’ comprehension of the WBS was sufficient, although the vignette expressing severe 
pain was scored on the low side. For the 3-faces scale, the first vignette was rated as ‘no pain’  
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Figure 1a: Median (CV) pain intensity scores (range 0 – 10) over time 

 

Figure 1b: pain scores reported by patients with high (n = 14)	  and low (n = 38) pain during treatment 

	  

(Mdn = 1; CV = 1), the second vignette as ‘mild pain’ (Mdn = 2; CV = 0) and the third vignette as 
‘severe pain’ (Mdn = 3; CV = 0.33). We conclude that scale comprehension of the 3-faces scale was 
sufficient in the age group five to seven years.

Pain intensity scores prior to, during and after treatment
Pain intensity scores of patients are presented in figure 1a, with scores in the midrange half an 
hour prior to (Mdn = 4, CV = 1), and in the lower range during treatment (Mdn = 2, CV = 1). Pain 
scores declined significantly over time towards nearly no pain two hours after treatment (F (4, 
21) = 16.28, p <.001). Figure 1b shows that 27% (n = 14) of patients reported high pain scores 
(> 6) during treatment, and scores declined over time. The decline in pain scores over time was 
statistically significant (F 4 = 36.40, p<.001).

Figure 1a: Median (CV) pain intensity scores (range 0 – 10) over time
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Figure 1a: Median (CV) pain intensity scores (range 0 – 10) over time 

 

Figure 1b: pain scores reported by patients with high (n = 14)	  and low (n = 38) pain during treatment 

	  Table 2. Stable factors, and relationships with pain during treatment 

  Wong Baker scale 
Factor                        Value (s) N (% of total)/ 

Mdn (CV) 
X2- test Rs* p N  

1) Sex Male, pain intensity (0-10) 
Female, pain intensity (0-10) 

4 (2) 
2 (1.75)  

  .005** 52 

2) Age  16.3 (14.3)  -.10 .47 52 
3) Pain previous 
hospitalizations  

Yes, n (%) 14 (42.4)    .03** 33 

4) Duration of current 
hospitalization 

Weeks, Mdn (CV) 16 (14.1)  -.12 .40 49 

5) Recurrent case Yes, n (%) 22 (42,3)   .36** 52 
6) Surgery Yes, n (%) 18 (34,6)   .67** 52 
7) Type of lesion Plaque 1 (2.5)   .17*** 40 

Ulcer < 10 cm 13 (32.5) 
Ulcer > 10 cm 25 (62.5) 
Osteomyelitis 1 (2.5) 

8) Category of lesion 
 

1 9 (18.4)   .06*** 49 
2 10 (20.4) 
3 30 (61.2) 

9) Location of pain Upper limb 7 (13.5)   .55*** 23 
Lower limb 14 (26.9) 
Abdomen 1 (1.9) 
Back 1 (1.9) 

*Rs = Spearman's rank correlation, **Mann-Whitney U test *** Kruskall-Wallis test 
	  

Figure 1b: pain scores reported by patients with high (n = 14) and low (n = 38) pain during treatment

Table 2. Stable factors, and relationships with pain during treatment
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Table 3. Modifiable factors, and relationship to pain during treatment 

   Wong Baker scale 

Factor Value (s) N (%)/ 
Mdn (CV) 

Rs* P N 

10) Fear intensity prior to treatment Intensity (1-5) 2 (1) .50 <.001 52 
11) Presence relative  Yes, n (%) 41 (79)  .30** 52 

12) Removal of bandage, only wet Intensity (0-10) 4 (2.5) .29 .45 9 

13) Removal of bandage, only dry Intensity (0-10) 1 (3.5) .74 .004 13 

14) Surgical debridement Yes, n (%) 4 (7.7)  .83** 52 
15) Cleaning of wound Water/ normal saline 45 (86.5)  .77** 52 

Other (hypochlorite,  
Betadine, metronidazole) 

7 (13.5) 

16) Cleaning Intensity (0-10) 1 (4.5) .68 <.001 33 

17) Food intake before procedure Yes, n (%) 22 (42,3)  .84** 52 

18) Pain during the night  Intensity (0-10) 4 (1) .64 <.001 35 
*Rs = Spearman's rank correlation **Mann-Whitney U test  
 

	  

Table 3. Modifiable factors, and relationship to pain during treatment

Patient- and wound characteristics and procedural factors, and relationships with pain
The relationships between patient characteristics and pain during treatment are presented in 
Table 1, and between stable and modifiable variables and pain during treatment in Table 2 and 
Table 3, respectively. Higher pain scores were found in males (Mdn = 4, CV = 2) compared to 
females (Mdn = 2, CV = 1.75, U = 187.0; p = .025). Furthermore, higher fear prior to treatment 
(rs =.50, p <.001), pain during the night prior to wound care (rs =.64, p <.001)  and removing the 
bandage dry (rs =.74, p <.004) were related to higher pain scores during treatment. Pain during 
cleaning of the wound was related to higher pain scores (rs .68, p =<.001), however, the type of 
cleaning; water or normal saline, or other types, such as hypochlorite, Betadine or metronidazole, 
was not related to pain during treatment (U = 146.5, p = .77). 

Discussion
This is the first study describing pain associated with wound care treatment, and factors related 
to pain in Buruli ulcer. By using self-reported pain scales, this study showed that pain prior to 
and during wound care was in the midrange, with severe pain (scores > 6 during treatment) 
reported in nearly 30% of the patients. Pain declined over time towards nearly no pain reported 
one and two hours after completion of wound care. Factors associated with higher pain 
scores during treatment were; being male, fear prior to treatment, pain during the night prior 
to the wound care, and pain while cleaning the wound. Our findings are a useful addition to 
the literature on pain in BU, which has predominantly stressed the typical lack of pain of the 
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condition at presentation. This lack of pain is suggested to occur as a result of the pathogen 
Mycobacterium ulcerans producing mycolactone [33,34]. Mycolactone has been suggested to cause 
the nerve damage that is responsible for the painlessness in BU [11, 35]. Antimicrobial treatment 
leads to a decrease in mycolactone production 6 to 12 weeks after the start of treatment [36]. Our 
findings suggest that pain in association with wound care is common in BU. Nerve regeneration 
during the healing process of the wound might explain why patients experienced pain over the 
course of their treatment. A report by Nienhuis et al. (2012) also suggested a recovered sensation, 
since the BU patients sometimes complained of pain at the lesion site just before and at the 
time the lesion ulcerated [37]. However, the current study did not address the process of nerve 
regeneration, nor a drop of mycolactone concentration over time. This study showed that pain 
intensity half an hour prior to wound care was significantly higher than pain during wound care. 
Our interpretation is that both the pain score half an hour prior to and the pain score during 
wound care were in part confounded by anticipatory fear. With respect to the pain score during 
wound care, this interpretation is supported by the significant correlation between fear prior to 
treatment and pain during treatment. On the other hand, the gradual decrease in pain over time 
argues against this confounding effect. If the pain score during treatment would actually be fear, 
the drop in pain after treatment would probably be steeper. For the pain score prior to treatment, 
it is more likely that fear and pain were contaminated, which is in concordance with literature on 
the moderate to strong relationship between fear and pain [25]. This study did not separate the 
effect of fear from the effect of pain on the explanatory variables, which would be an interesting 
avenue for future research.
Besides fear prior to treatment, higher pain scores were found in males compared to females, a 
contrasting finding to the literature, since females typically report higher pain scores compared 
to males [18]. Also in this study area, it is suggested that males are expected to report less pain, 
compared to women [chapter 3]. This contrasting finding could be a result of the relatively small 
sample size. Third, pain during cleaning the wound, and removing the bandage dry was related 
to higher self-reported pain scores. This is in line with clinical observations, [22] suggesting that this 
is a painful aspect of treatment. The type of cleaning product, did, however, not affect the pain 
score. It is important to note that there was no effect of age: pain was prevalent across all age 
ranges of BU patients, which is contrasting the literature that children generally report higher 
pain scores compared to adults [18]. Fourth, pain during the night was related to higher pain scores 
during treatment, indicating that there seemed to be background pain in BU patients. It should 
be noted that this question was proposed to the patient half an hour prior to treatment, which 
might have contributed to a biased response about the pain experience during the night. This 
study showed high pain in a subgroup of patients, and several modifiable factors to be related 
to higher pain scores, such as fear prior to treatment and pain while cleaning the wound. A next 
step would be to examine the development of pain throughout the disease process in a larger, 
longitudinal study in which patients are followed throughout the period of hospitalization. 
Furthermore, relating the results of pain to the M. ulcerans and mycolactone production could 
provide insights into the underlying mechanism. That being said, results provide directions for 
a change of future daily practice. First of all, despite the finding that a subgroup of patients 
reported high (≥ 6) pain scores, none of the patients received pain medication prior to treatment. 
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The indication, type and dose of pain medication should be discussed. Secondly, pain while 
cleaning the wound was related to higher pain during treatment. This could be related to the fact 
that in current practice, health professionals sometimes remove necrotic tissue while cleaning 
the wound without sedation and/or pain killers. This finding should be discussed in medical 
teams treating BU. Thirdly, the finding that fear was related to more pain, implies that a non-
pharmaceutical intervention to reduce anticipatory fear could be explored. There is a large array 
of non-pharmaceutical interventions available from the treatment of burn wound pain. An option 
could be to provide procedural and sensory information at the first day of arrival at the treatment 
center. Furthermore, providing a booklet, educating the family, learning positive self-talk, using 
filmed modeling, and distraction during treatment are possible interventions. To arrive at a change 
in future daily practice, a standardized pain protocol for BU could be developed. A parallel study 
on health personnel’s attitudes and beliefs about pain assessment and treatment, and current 
practices in prescribing pain medication in BU provides additional input to the current study 
for such a protocol [chapter 3]. A collaboration between the National programs fighting BU in 
endemic countries, health professionals treating BU from different treatment centers, and experts 
on pain treatment is therefore essential. No differences in pain scores were found between 
patients who are in different phases of their wound care treatment. This phase was estimated by 
the duration of admission, lesion type and whether patients had a surgical intervention. Also, the 
stage of healing of the wounds was estimated by looking at three aspects, namely, the duration 
of hospitalization, the type of lesion, and whether patients had undergone surgery recently. None 
of these factors influenced the pain intensity reported by the patients. Mycolactone is responsible 
for the painlessness in BU. Recently, the mechanism was suggested to be a hyperpolarization of 
neurons instead of direct nerve damage [10,11]. During antimicrobial treatment, the mycolactone 
production is lowered and therefore, analgesia is expected to reduce, and consequently, to 
increase pain during treatment. Other factors in the wound care e.g. epithelialization or fear may 
have masked this effect. Strengths of this study were the satisfactory reliability (test-retest) and 
validity (face validity, construct validity, responsiveness) of the WBS in this new patient population, 
contributing to the quality of our findings. Furthermore, the construct validity of the 3-faces scale 
was demonstrated by the high agreement among scores of the young patients and their relatives 
at the same time point. Third, a pain scale accuracy task, testing the patient’s scale comprehension, 
demonstrated the ability of the patients to use the pain scales. Finally, the study was carried out 
in a real-life setting, and did not interrupt the usual care, leading to a realistic picture of current 
practice of BU wound care in two different, endemic settings in rural Africa.
A limitation of the study is the heterogeneous sample of BU patients included, with a wide range 
in age, clinical manifestation (plaque, edema, ulcer) and stage of healing. This, in combination with 
the relatively small sample size for each subset of patient groups, might have led to statistically 
insignificant associations between explanatory variables and the outcome. Second, as said 
before, the lack of a good indicator for the stage of wound healing, made it difficult to examine 
the relationship between this factor and pain, as well as exploring pain throughout the treatment 
process. Third, by introducing pain scales, a response bias might have been introduced. The 
current clinical practice has not included pain assessments, thus, talking about-, and asking about 
pain might have introduced bias, such as changing expectations about treatment. In conclusion, 
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our study was the first to address pain in conjunction with wound care in BU patients. Reported 
pain intensity was commonly in the mid-range; and severe pain was reported in nearly 30% of BU 
patients. This procedural pain deserves attention and appropriate intervention, which could be 
examined in future studies on possibilities to reduce pain during treatment for BU.
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Abstract 
Background Buruli ulcer (BU) is described as a relatively painless condition; however clinical 
observations reveal that patients do experience pain during their treatment. Knowledge on 
current pain assessment and treatment in BU is necessary to develop and implement a future 
guideline on pain management in BU. 
Methodology A mixed methods approach was used, consisting of information retrieved from 
medical records on prescribed pain medication from Ghana and Benin, and semi-structured 
interviews with health care personnel (HCP) from Ghana on pain perceptions, assessment and 
treatment. Medical records (n=149) of patients treated between 2008 and 2012 were collected 
between November 2012 and August 2013. Interviews (n=11) were audio-taped, transcribed 
verbatim and qualitatively analyzed. 
Principal findings In 113 (84%) of the 135 included records, pain medication, mostly simple 
analgesics, was prescribed. In 48% of the prescriptions, an indication was not documented. HCP 
reported that advanced BU could be painful, especially after wound care and after a skin graft. 
They reported not be trained in the assessment of mild pain. Pain recognition was perceived as 
difficult, as patients were said to suppress or to exaggerate pain, and to have different expectations 
regarding acceptable pain levels. HCP reported a fear of side effects of pain medication, shortage 
and irregularities in the supply of pain medication, and time constraints among medical doctors 
for pain management.
Conclusions Professionals perceived BU disease as potentially painful, and predominantly focused 
on severe pain. Our study suggests that pain in BU deserves attention and should be integrated 
in current treatment. 
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Introduction 
Buruli ulcer (BU) is a Neglected Tropical Disease for which the World Health Organization (WHO) 
stressed the need to improve treatment [1]. BU remains endemic in areas in West Africa, especially 
in Benin and Ghana [2,3]. In Benin, prevalence rates between 5.4 and 60.7 per 10.000 inhabitants 
have been reported each year [4] while in Ghana, prevalence rates have fluctuated between 2.0 and 
15.0 per 10.000 inhabitants [5]. BU destroys skin, subcutaneous fat, and sometimes bone [6]. Patients 
typically present with non-ulcerated lesions; papules, nodules, plaques or edema, or undermined 
ulcers [6,7]. Treatment entails antibiotics complemented with surgery if needed, together with 
dressing changes of which the frequency depends on the wound, and physiotherapy [8]. Specialized 
treatment centers deliver the necessary care while antimicrobial treatment and dressings may 
also be delegated to local health centers [9]. Irrespective of therapy (antibiotics or surgery), 47% of 
patients are left with functional limitations after healing [10]. Although BU is described as relatively 
painless [11-13] clinical observations reveal that at least some patients experience considerable pain 
during their treatment - especially during wound care and physiotherapy. This is supported by two 
studies, i.e., one in Japanese patients [14], and one in Ghanaian patients [15]. Ghanaian BU patients 
sometimes complained of pain at the lesion site just before and during ulceration. This suggests 
a recovered sensation - perhaps due to a decrease in mycolactoneconcentrations [16] in tissues 
at advanced disease stages, however this suggestion warrants verification by clinical studies. 
Clinical studies on pain and pain treatment among BU patients are lacking. The recognition, 
management and treatment of pain is a challenge worldwide, but limited resources in low- and 
middle-income countries further increase the risk of under treatment of pain [17,18]. Health care 
personnel (HCP) treating BU in Ghana and Benin stressed the need to include pain management 
[19]. The WHO recommends integrating pain treatment as part of general treatment of patients 
globally [18]. Pain management should follow a practice guideline, which is currently not available 
for BU treatment, including at least an analgesic ladder, i.e. the ‘pain ladder’, initially developed 
by the WHO originally for cancer pain control [20,21], but now used for pain relief among patients 
with wound pain [22]. The ladder consists of three steps of drugs with increasing analgesic effects. 

Previous studies showed that perceptions and beliefs of health professionals are important in 
pain treatment [23]. In addition, barriers related to the availability of- and access to analgesics, a 
lack of education and information among HCP, and legal barriers such as regulatory restrictions 
on opioids exists, preventing effective pediatric pain treatment in sub-Saharan Africa [24]. 
Furthermore, language barriers, fear of addiction to opioids, and cultural differences between 
patients and health professionals, influenced pain management in Central Africa [25]. Firstly, this 
study investigates current pain practices in BU in Ghana and Benin, including the prescription of 
pain medication, and the use of the WHO pain ladder by the HCP. Secondly, this study aims to 
explore factors that might influence the success of a possible future guideline implementation. 
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Methods 
Design and participants 
A mixed methods approach was used, consisting of information on prescribed pain medication, 
retrieved from medical records from Ghana and Benin, and semi-structured interviews. Data 
collection was performed in the same period in both countries. Two out of the four BU treatment 
centers in Benin, and two out of the four BU treatment centers in Ghana were selected for the 
study. Information from the medical records of patients treated between 2008 and 2012 was 
collected between November 2012 and August 2013. In the two treatment centers in Ghana, 
medical records of all Polymerase Chain Reaction confirmed BU patients admitted and treated 
in the selected time period, were included (n = 69). In the two treatment centers in Benin, a 
larger number of records of PCR confirmed BU cases was found in the selected time period, thus 
a systematic selection (every 8th medical record) was performed in both centers to arrive at 40 
records per center. Thus, in Ghana 69 medical records of patients were included, and in Benin 
80 medical records of patients leading to a total of 149 patients. Eligible HCP were selected by 
purposive sampling based on their involvement in BU wound care, their profession - we selected 
medical doctors, nurses, physiotherapists and local health workers, to ensure heterogeneity of 
the interviewees -, and the ability to speak English. In total 13 HCP were eligible and approached. 
Interviews were conducted between August 2012 and May 2013. 

Data collection
The interviews were held in private settings in the hospital or health center in Ghana, and were 
conducted by one of the authors (MA, JDZ or SL). Interviews were tape recorded and lasted 
between 60 and 90 min. 

Materials
Data on general characteristics and diagnostic tests were collected from the records. The type of 
pain medication and its indication were retrieved as well. An interview topic guide was developed, 
covering HCPs perceptions on current pain assessment and treatment. Specific topics included 
were; current practice, current prescription of pain medication, HCPs preferences for prescribing 
pain medication, satisfaction with current practice, wishes for improvements, perceptions on 
pain, pain assessment, and the acceptability of showing pain. Questions were derived from 
previously published work [24]. Probes were used where necessary. Face and content validity of the 
interview guide were assessed by the study team, ensuring that questions adequately covered 
the objectives and were relevant.

Data analysis
Data on prescribing behavior and patient characteristics from the records were analyzed using 
Statistical Package for Social Science version 20. Descriptive analysis was performed on age and 
sex of patients whose records were included, including the type of lesion, indication for pain 
medication, types of pain medication prescribed during hospitalization and the types of pain 
medication prescribed in line with the WHO pain ladder. The total number of times that pain 
medication was prescribed for each step of the WHO pain ladder was counted. Interviews were 
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transcribed verbatim by three different researchers (MA, JDZ and SL). A qualitative content analysis 
was performed using open coding and axial coding. To ensure reliability, interviews were analyzed 
consecutively by two researchers (MA and JDZ). These two researchers developed an initial 
codebook independently using one interview, and taking into account the interview questions. 
Both researchers participated in weekly meetings to extensively discuss the open coding analysis 
until consensus was reached, after which codes were merged into one codebook. The codebook 
was adapted throughout the analysis, based on new codes emerging from the data. A third and 
fourth researcher (AVR, YS) were consulted in case of disagreement, and ensured an acceptable 
coding of the data, ordering of the codes, and selection of themes. Qualitative and quantitative 
data were combined according to parallel data analysis [26]. 

Ethics
Ethical clearance was obtained from the Medical Ethical Review Committee of the Kwame 
Nkrumah University of Science and Technology; School of Medical sciences, Komfo Anokye 
teaching hospital in Ghana (ref: CHRPE/AP/230/12). Data of medical records was handled in 
line with Good Clinical Practice. Written informed consent was obtained from all HCP. Before 
the interview started, voluntary participation, confidentiality, the aim, the topic and type of 
questions, the rights to withhold certain information, and to withdraw during the interview, were 
explained. Written informed consent was obtained from all HCP. In order to ensure anonymity and 
confidentiality, a number was assigned to each interview. 

Results 
Prescribed pain medication
Patient characteristics from medical records
In total, 149 medical records were reviewed (69 from Ghana, 80 from Benin), of which 14 were 
incomplete, resulting in 135 records included in the analysis. In 113 (84%) of the 135 included 
records, pain medication was prescribed at least once during hospitalization. The median weeks 
of hospitalization was 17 (IQR: 10-23). The median age of the patients receiving pain medication 
was 14 years (IQR: 8-28), and 65 (58%) was male (Table 1). In 64% of the medical records, ulcers 
were reported, 15% plaque, 10% edema and 3% nodules (8% missing). 
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Table 1. Patient characteristics (n=113)  

  Total  

Sex (male)  65 (58%)  

Age (Median, IQR)  14 (8-28) 

Type of ulcer Ulcer 64% 

Plaque 15% 

Edema 10% 

Nodule 3% 

Not reported 8% 

Duration of hospitalization in weeks (Median, IQR)  17 (10-23) 

 

	  

Table 1. Patient characteristics (n=113)

Type of pain medication (different generics) prescribed during hospitalization
In most records (43.4%; n = 49), two types of pain medication were prescribed, while in 35.4% of 
records (n = 40), one type of pain medication was prescribed. In 13.3% of the records (n = 15), 
three types were prescribed and in 7.9% of the records (n = 9), four or five types of medication 
were prescribed. 

Pain medication according to WHO ladder
The total number of times pain medication was prescribed was 482. Step 1 medication (i.e. 
simple analgesics) was mostly prescribed (n= 430), for several indications. Pain medication 
is mostly prescribed after a surgical intervention (n = 165; 34%) (Table 2), however, often, no 
indication was noted in the records (n = 233; 48%). Step 2 and 3 medications (weak and strong 
opioids, respectively) were rarely prescribed (n = 52) (Table 2). Predominantly, pain medication is 
prescribed after an intervention, and less often for background pain.

3
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Table 2. Pain medication prescribed along different indications according to WHO ladder 

(n=482) 

Indication Step 1* Step 2** Step 3*** 

Post-surgical pain 151 12 2 

(Before) wound dressing 5 5 0 

Other interventions (e.g. removal of necrotic tissue) 14 3 0 

Infected wound/wound related pain 12 2 0 

Generalized body pain 18 1 0 

Not related to pain (e.g. fever, diarrhea) 22 2 0 

Missing indication 208‡ 24 1 

Total 430 49 3 

*Paracetamol/acetaminophen, ibuprofen, acetylsalicylic, diclofenac and diclofenac sodium. ** 

paracetamol/codeine, tramadol and dihydrocodeine. *** pethidin ‡ of the missing indications 136 

times paracetamol/acetaminophen was prescribed 

 

 

 

	  

Table 2. Pain medication prescribed along different indications according to WHO ladder (n=482)

Current pain assessment and treatment - results from the semi-structured interviews - 
11/13 eligible HCP agreed to participate in the semi structured interview; nurses (4), medical 
doctors (2), BU coordinators (2), physiotherapist (1), health worker (1) and pharmacy technologist 
(1). Two participants refused because of a lack of time. Three factors in current pain assessment 
and treatment were important, i.e., perceptions on pain, pain assessment and pain treatment, 
including the use of the WHO pain ladder. 

Perceptions on pain in BU 
Pain is described as “an uncomfortable feeling” or “an alarm”. In early stages of the disease, BU is 
painless, however, in later stages patients start to feel pain: “So when they start to heal, they start to 
feel pains.’”

Perceived causes of pain were; wound pus, ulceration of the lesion, inflammation, nerve exposure, 
secondary infection, a graft at the donor site, proximity to bone or joint. An increase in pain is 
mentioned after wound treatment. 

“Yes, normally, patients with BU, actually don’t have pain. Unless there is a secondary bacterial infection. 
There is involvement of the nerves and involvement of the bone tissue”. 

Pain threshold is described by the HCP as “The extent to which a person can handle pain”, or as “How 
patients react to pain”. According to the participating HCP, patients differ in their pain threshold 
and pain tolerance. Factors related to differences in pain tolerance are; previous experiences, 
gender differences, age of the patient, and size of the ulcer.

Assessment and treatment of pain during treatment of Buruli ulcer
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Expression of pain and its assessment
Nurses and a physiotherapist reported not to be trained in assessing mild pain, neither do they 
ask patients about mild pain. They attributed this to their culture; patients are able to handle mild 
pain.

“We [HCP] are not trained to recognize the mild ones quickly, it is a cultural problem, we know people 
take the mild ones, so I don’t ask, suggest pain to you [patient].”

Instead of focusing on whether patients report pain, professionals pay attention to facial 
expression, body language, wound characteristics, individual characteristics, medical background, 
and patients’ behavior.

“But you can see from the face whether it is painful or not. So we look for signs, because otherwise, we 
are going to get wrong feedback.”

“Assuming you have a lesion, and I touch it, and you don’t complain, that means you are ok, there is no 
pain. But if I touch it [the lesion] and you pull your hand, I mean the little thing I do, hurts to your hand, 
and you are preventing me. The moment you start and the patient is starting crying and screaming 
and all these things, you can easily know that now, the patient has a severe pain.”

Suppressing pain expression is ascribed to cultural factors; which is especially common among 
adult males, patients from the northern part of the country, patients from rural areas, and patients 
with a lower educational level. This cultural tendency hampers a proper pain assessment. 

“Location wise, you see people from the northern part of the country, they are very good adapted at 
taking pain. I would rather classify them as the affluent compared to the less affluent or the region poor 
or urban and the village. If it is in the city, well-educated parents know that they shouldn’t be treated 
this way, so they get better treatment when you have more enlightened parents. People try to contain 
pain. It is a country wide a cultural thing, we are brought up to be able to contain an amount of pain, 
so you are a cry baby if you express too much pain.”

On the other hand, the majority of the HCP mentioned that patients exaggerate pain. This 
paradox could imply that - since HCP are part of the Ghanaian culture in which suppression 
of pain expression is commonly seen - they believe that patients who express pain overtly, are 
exaggerating. 

“If it is true pain, or fake pain, we don’t know, you measure, you look at the patient.”

“You rate it for the patient, but not what the patient tells you. Because psychologically, the patient 
would tell you ‘oh, it is very painful’. Meanwhile, it is not like that.’”
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Pain treatment 
Important factors in current pain treatment include the financial constrains that patients often 
have to pay for pain medication. Moreover, HCP report a fear of side effects of pain medication, a 
fluctuation in availability of pain medication, and a shortage of time among medical doctors. 

“We shouldn’t over rush in giving pain killers, because there are side-effects attached to the drugs.”

Furthermore, HCP report a discrepancy between their own as compared to their patients’ 
expectations regarding pain relief. While professionals expect patients to endure pain to some 
extent, patients expect to be relieved from pain during hospital admission, according to the 
HCP. 

“They [patients] believe as soon as they’re in the hospital, everything must be stopped. As soon as they’re 
operated they should have no pain at all, even not the wound pain. I always tell them that operation 
does not mean that everything is healed, that pain stopped, the wound is there, so it pains. “

Besides, non-pharmacological factors in the current pain treatment include the different coping 
strategies used by the HCP to help the patient to handle pain. Examples are: counseling (providing 
information, reassurance, showing empathy) and giving advice. 

“Explaining to patient, oh no, this is just a little thing that I would just only have to give you, but it 
will minimize the pain that you are going through, because you fell from the bike. So your pain will 
minimize.”

Furthermore, while the HCP were not explicitly familiar with the WHO ladder, they reported to use 
the basic principles of the tool. 

“It is about, if someone is in pain then you start with paracetamoland then if someone has more severe 
pain you can give paracetamol and another pain killer which is more effective and then in the end you 
can give something like pethidin.”

Discussion 
This study aimed to explore current pain practice in BU in Ghana and Benin. For most BU 
patients, pain medication was prescribed, and pain management mainly focused on severe pain. 
Professionals perceived later stages of BU as painful, and reported an increase in pain after wound 
treatment, and after a skin graft at the donor site. HCP reported a suppressed pain expression 
as well as exaggeration in patients, and differences in expectations between professionals and 
patients on what is an acceptable pain level without medication. Mainly WHO step 1 pain ladder 
medication was prescribed, while strong opioids were hardly prescribed. Explanations provided 
by the HCP on the mild prescriptions were; fear of side effects of strong opioids, fluctuation of 
availability of pain medication, and the shortage of time among medical doctors. These findings 
are in line with literature mentioning resistance among HCP to use morphine [27]. Alternative 
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explanations are that HCP did not ask whether patients experienced pain, or a lack of attention for 
mild pain. At the same time, the prescribed pain medication is typically for mild pain, according to 
the WHO pain ladder indicating that severe pain is treated with mild pain medication. It appeared 
that the indication for pain medication was often not documented in the medical records. Effective 
pain relief ultimately depends on accurate pain assessment, and the nature, severity, location and 
duration of pain should be assessed and documented to understand the possible etiology and 
to effectively treat pain [28]. Both the finding that HCP believed that patients exaggerated their 
pain, and the expectation that patients should endure pain, might be influenced by sociocultural 
factors, since pain expression varies across cultures worldwide [28]. In different African ethnic 
groups, stoicism is a valued response to pain [29,29,30]. Despite the cultural factors, differences in 
pain expression can be due to individual differences [31]. An important implication of our finding 
is that it complicates pain assessment for professionals.Patients and professionals differed in their 
expectation on acceptable pain levels without medication. HCP noticed that patients expected 
to be pain free during hospitalization, a statement that should be confirmed in studies using a 
patients’ perspective. If these results can be confirmed, patients’ expectations could be addressed 
during the preoperative pain assessment by collaboratively setting goals for pain control [32], or 
during the intake for hospitalization. Furthermore, if documentation of pain will be integrated 
in daily practice, pain can be monitored, which is essential for adequate treatment. This study 
had several limitations. For the part on the medical records, an information bias might have 
occurred due to the retrospective design of the study. In a small proportion of medical records, 
no information on pain medication was found, and in case pain medication was prescribed, the 
indication was often missing. In addition, by using medical records, only the prescribing behavior 
of HCP was studied, while the actual intake remained unknown. A limitation of the interviews was 
the possible bias introduced by the role of non-native interviewers. Although the interviewers 
spent time in the different BU settings, cultural differences remained. This might have influenced 
the interviews. 

To conclude, these findings, together with a study on wound care-related pain in BU [15]
  (chapter 

2), suggest that there is room for improvement to arrive at adequate pain treatment. Several 
factors could be taken into account when developing a pain guideline, such as the current 
practice on prescribing pain medication, the discrepancy between HCP and patients about pain 
relief, the views on pain expression and suppression, recognition and treatment of mild pain, and 
the lack of recorded indications. Furthermore, the findings that HCP tried to help the patient to 
cope with pain by providing information, reassurance, showing empathy, giving advice, as well 
as the finding that HCP were aware of the basic principles of the WHO ladder are useful in the 
development phase of such a protocol.
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Summary
Buruli ulcer can no longer be considered as painless. Recent reports on severe procedural pain 
in patients with Buruli ulcer triggered a multidisciplinary workshop. The participants discussed 
the difficulties in the management of both procedural and continuous pain. A guide on the 
assessment of pain and (non)-pharmaceutical intervention was developed and deserves 
implementation to reduce the suffering and to increase the likelihood of procedures to succeed 
in healing and rehabilitation. 
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Introduction
Buruli ulcer (BU), caused by Mycobacterium ulcerans, is endemic in West Africa and affects 
subcutaneous tissue and sometimes bone [1]. BU is treated with 8 weeks of antimicrobial 
therapy for limited lesions, while larger lesions require extended wound care, physiotherapy and 
frequently, surgical intervention. BU has always been described as a painless condition [2-4] and 
this is perhaps one of the reasons for delayed presentation. Nevertheless, we found that almost 
30% of BU patients experienced severe pain during wound care dressings [5]. The World Health 
Organization advocates improvement of pain management in many developing countries where 
pain is under-assessed and undertreated; [6,7] a standardized guide is the most valued option 
[7]. A workshop on pain in BU was held on 19 and 20 February 2015 in the Agogo Presbyterian 
Hospital in Ghana. Medical doctors, nurses and public health workers from Ghana and Benin 
listed below attended the multidisciplinary interactive workshop. The workshop aimed to share 
knowledge and experience with pain in BU [5,8] and to discuss future steps in pain assessment and 
management. 

Current problems in pain management in Buruli ulcer: 
  1. Pain is frequently caused by procedures, such as wound care and physiotherapy. 
      Continuous pain is reported as a result of paradoxical reactions or secondary 
      bacterial infections. 
  2. Participants report that they only treat severe pain and have difficulties to assess 
      moderately severe pain even though this moderate pain is likely to have effects on 
      treatment outcome. Permanent functional limitations are common in BU and 
      a limited mobility of joints due to pain is likely to contribute to its development.   
  3. Participants indicate that the sociocultural context complicates correct 
      assessment of pain.   
  4. Problems with availability and accessibility of pain medication constrain the 
      management of pain.
  5. An unreasonably strong fear of addiction to opioids prevails. 
  6. Pain measurement data are not collected and documented.
  7. Pain measurement is not used to evaluate treatment results.

Potential ways to assess and treat pain: a guide
Participants call for appropriate assessment of pain combining the Wong-Baker Faces Pain Rating 
Scale and clinical judgment in BU patients visiting treatment facilities both at district level and 
at community level. The Wong-Baker Faces Pain Rating Scale has successfully been used in BU 
patients, [5] has undergone extensive psychometric testing [9] and is suitable in the sub-Saharan 
African context [10]. We suggest to assess pain daily in hospitalized patients, during each visit in the 
outpatient setting and directly after any procedure – notably, after wound care and physiotherapy. 
Pain assessment is necessary to enable an individualized treatment and the pain score should be 
the leading factor in how to decide on that treatment. Documentation of the pain measurement 
scores creates an opportunity to evaluate treatment result on an individual and general level.
We propose to manage pain by both non-pharmaceutical and pharmaceutical options. 
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Non-pharmaceutical management of pain includes explaining the patient about the procedure 
or the onset of pain, patient education on ways to relieve pain, giving self-control to the patient 
or distraction. The summary of the pharmaceutical options can be found in Table 1. 
We propose the following steps to be taken to implement a pain guide assisting in pain 
management: 

  1. Development of tailored posters containing brief instructions to assess pain that will 
       be distributed to treatment facilities at district level and at health center level. 
  2. Detailed information regarding pharmaceutical pain relief suitable for either 
       district level 
       or health center level will be distributed to the treatment facilities. 
  3. An e-learning program will be developed containing background information on 
       physiology of pain, pain assessment and treatment.  

To achieve the goal of effective pain assessment and treatment, the guide deserves implementation 
to reduce the suffering and to increase the likelihood of procedures to succeed in healing and 
rehabilitation. 
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Table 1: Summary on treatment of pain in Buruli ulcer  

Results of 
Wong Baker 
Scale & 
clinical 
judgment  

Procedural pain Continuous pain 

Score is 0 or 2  

No pain or 
mild pain 

If necessary, start 
acetaminophen  

 If necessary, start 
acetaminophen 

 

Score is 4 or 6 

Moderate 
pain 

 

Hospitals: 

1. acetaminophen and 
NSAID* 

2. acetaminophen and 
tramadol 

 

Health centers: 

acetaminophen 
and NSAID*  

Hospitals: 

1. acetaminophen and 
NSAID*  

2. acetaminophen and 
tramadol 

3. acetaminophen and 
codeine 

Health centers: 

acetaminophen 
and NSAID*  

Score is 8 or 
10 

Severe pain 

Hospitals: 

Contact medical 
doctor 

1. morphine 
subcutaneously  

Give 30 minutes 
before procedure starts 
and acetaminophen.  

2. ketamine 

3. morphine i.v. 

Health centers: 

Contact medical 
doctor and refer 
to hospital 

 

Hospitals: 

Contact medical doctor 

If pain exists for a day 
or more, first try 

1. acetaminophen and 
tramadol 

2. acetaminophen and 
codeine 

3. morphine 
subcutaneously 
followed by morphine 
orally.  

 

Health centers: 

Contact medical 
doctor, start 
acetaminophen 
and refer to 
hospital 

 

* e.g. diclofenac or ibuprofen, if patient on streptomycin, contact medical doctor; risk of kidney damage 
**in adults 5 mg, in children 0.1 mg/kg with a max of 5 mg. 
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Abstract
Neopterin is closely associated with activation of the cellular immune system. Neopterin levels 
differed between controls and BU patients. No differences between patients with or without 
paradoxical responses were observed. Neopterin therefore has no value in detecting paradoxical 
responses among patients with limited BU disease. Neopterin levels were lower in patients 
receiving clarithromycin. This may indicate a slower cellular immune recovery, with possible 
consequences in future therapy with clarithromycin. 
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Buruli ulcer (BU), which is caused by Mycobacterium ulcerans, is an emerging neglected Tropical 
Disease reported from more than 30 countries, mainly with tropical and subtropical climates. The 
region with the highest disease burden is western Africa. The treatment recommendation for 
BU issued by the World Health Organization is streptomycin in combination with rifampicin for 
8 weeks, with or without additional surgical debridement or skin grafting [1,2]. In BU, paradoxical 
reactions are common [3] and difficult to distinguish from treatment failure. Neopterin is a stable 
biomarker. Its production is closely associated with activation of the cellular immune system 
[4] Macrophages are stimulated to secrete neopterin by interferon-γ (INF-γ), derived from T 
lymphocytes. An improved cell-mediated immunity could be followed by a paradoxical response. 
The objective of this study was to evaluate the levels of neopterin in response to antimicrobial 
treatment and associated paradoxical responses during M. ulcerans infection. 
Blood samples were collected and demographic and clinical information was obtained from 
a subset of patients participating in a randomized controlled trial to compare two different 
antimicrobial regimens in two hospitals in Ghana (BURULICO)[5]. Participants had early, limited 
(cross-sectional lesion diameters ≤10 cm) disease and were followed-up for one year from start 
of treatment (ClinicalTrials.gov, identifier NCT00321178). Patients who showed treatment failure, 
received a skin graft, or were co-infected with human immunodeficiency virus were excluded from 
the study. In this way we were able to measure lesions over time following effective antimicrobial 
treatment, and any increase in lesion size would probably reflect a paradoxical response. For this 
study, a paradoxical response is defined to as a lesion that was larger at week 8 than at week 6 for 
which no intervention was required and healing occurred after one year. 
Blood was obtained from every patient drawn at two time points: at start of treatment (baseline 
T0), and after 8 weeks of antimicrobial therapy (T1). Blood was drawn from age- and sex-matched 
community controls. Serial acetate sheet tracings and digital images were recorded for every 
patient at T0 and thereafter once every 2 weeks until week 8. In instances of more than one lesion, 
the largest lesion was measured for the study [3].
Serum neopterin levels were measured by using an enzyme-linked competitive immunosorbent 
assay (Neopterin ELISA; Immuno Biological Laboratories, Hamburg, Germany). The assay was 
performed according to the manufacturer’s instructions.
 
An independent t-test was performed to compare neopterin levels of patients (T0) and 
community controls by using SPSS version 18.0 software (SPSS, Chicago, IL). Only sets of patients 
and community controls with available serum samples were included. To compare neopterin 
levels obtained in patients before and after 8 weeks of antimicrobial therapy, a paired t-test 
was used. To compare the trend between antibiotic regimens, an Independent t-test was used. 
Patients were excluded from analysis if one of two values (T0 or T1) were missing. One-way 
analysis of variance was used to study paradoxical reactions and neopterin levels before and after 
antimicrobial therapy and the difference between concentrations at both time points. Patients 
with healed lesions before week 8 and patients with missing values were excluded.
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In total 134 out of the 151 patients of the BURULICO trial were included for the analysis of 
neopterin and evolution of lesions during treatment. Ten patients showed treatment failure; 
three patients were co-infected with human immunodeficiency virus (one of these patients 
also showed treatment failure) and five patients received skin grafts. Of 134 clinically diagnosed 
patients, 130 were confirmed by either polymerase chain reaction, culture, histopathologic 
analysis or microscopy. The basic characteristics of the patients have been reported by Nienhuis 
and others [3].
 
Of 134 patients, 17 had missing neopterin values at T0 and 9 had missing neopterin values at 
T1. A total of 109 patients had samples available at the start of treatment and after 8 weeks. No 
differences were found between age of patients with and without neopterin measurements at 
T0 (median = 12, interquartile range [IQR] = 8-18 versus median = 13, IQR = 7-26.50) and at T1 
(median = 12, IQR = 8-20 versus median = 11, IQR = 9-16.50). No difference was found between 
sex of patients with (male 29.9%) and without (male 35.3%) neopterin values at T0 and with (male 
30.4%) and without (male 33.3%) neopterin values at T1.  
 
Of 117 BU patients, a community control was available for 100 patients to compare neopterin 
levels. For these 100 patients, neopterin levels were available at T0 and from a matched community 
control. Neopterin values at the start of treatment (mean ± SD = 17.0 ± 10.5 nmol/L, IQR = 10.42-
19.60) were significantly higher (P < 0.01) than in community controls (mean ± SD = 10.6 ± SD 3.4, 
IQR = 7.99-12.30). The neopterin levels of 109 patients after 8 weeks of antibiotic treatment (mean 
± SD = 18.0 ± 9.9, IQR = 11.80-22.25) were higher than levels measured at the start of treatment 
(mean ± SD = 16.5 ± 9.2, IQR = 10.58-19.53), but this difference did not reach statistical significance 
(P = 0.06). The neopterin values of patients receiving 8 week streptomycin/rifampicin (SR) (mean 
difference 3.6 [S.D. 8.0]) and patients receiving 4 weeks (SR) and 4 weeks clarithromycin/rifampicin 
(CR) (mean difference -1.0 [S.D. 8.2]) were different (P = 0.03); SR group (mean 17.3 [S.D. 9.5]) and 
SR/CR group (mean 15.5 [S.D. 8.9]) at start treatment and after 8 weeks of antimicrobial treatment 
SR group (mean 20.9 [S.D. 11.6]) and SR/CR group (mean 14.4 [S.D. 5.6]). Individual neopterin 
levels before and after 8 weeks of antimicrobial therapy with results of patients with or without 
paradoxical response are shown in Figure 1. 
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Figure 1. Neopterin levels in patients (n = 83) at different time points with (n = 38) or without (n = 45) 

paradoxical responses. No significant difference was found between differences at different time points of 

neopterin levels for the group with paradoxical responses (mean ± SD = 2.8 ± 9.1) and in patients without 

paradoxical responses (mean ± SD = 1.9 ± 8.8).     

	  

Figure 1. Neopterin levels in patients (n = 83) at different time points with (n = 38) or without (n = 45) paradoxical 
responses. No significant difference was found between differences at different time points of neopterin levels for 
the group with paradoxical responses (mean ± SD = 2.8 ± 9.1) and in patients without paradoxical responses 
(mean ± SD = 1.9 ± 8.8).    

Of 109 patients, 97 had information on a paradoxical response, of which 14 were healed within 
8 weeks, resulting in 83 eligible patients for this analysis. No significant differences were found in 
neopterin levels among patients with (mean ± SD = 14.7  ± 8.9) or without (mean ± SD = 17.0 ± 
10.2) a paradoxical response at the start treatment and after 8 weeks of therapy (with paradoxical 
response (mean ± SD = 17.5 ± 8.2)) and without paradoxical response (mean ± SD = 18.9 ± 
12.2)). The use of other definitions for clinical definition of a paradoxical response [3] led to similar 
outcomes. Neopterin levels were not influenced by age or sex. 
Markers of a paradoxical response would be a useful asset to distinguish this response from 
treatment failure, with subsequent potentially erroneous decisions to operate or change 
antimicrobial treatment. We detected significantly increased neopterin levels in BU patients 
with early, limited disease compared to matched, healthy community controls. After 8 weeks 
of effective antimicrobial therapy neopterin values increased further, although not statistically 
significantly (P = 0.06). The findings of generally increased neopterin levels after effective 
antimicrobial treatment are consistent with previous research showing recovery of a typical 
Th1-type anti-mycobacterial immune response, resulting in a lower bacterial load and a reduced 
concentration of the immune suppressing toxin produced by M. ulcerans, mycolactone [6,7]. In 
the patients who received antibiotic treatment including clarithromycin neopterin did not 
increase as in the patients on SR for 8 weeks. This difference in Th1-type immunity response in 
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the group containing clarithromycin antibiotic treatment may be caused by immunomodulatory 
effects of clarithromycin [8]. Although in the BURULICO trial no significant difference in treatment 
response was shown between the two treatment arms, with completely oral treatment with CR 
this difference may become clinically relevant in the future. We found no significant differences 
in neopterin values among patients with or without paradoxical reactions. For leprosy, higher 
neopterin levels were found in patients with reversal reactions and in multi-bacillary leprosy 
compared to paucibacillary leprosy [9 10].
A limitation of our study is that only patients with limited disease were included. For other 
infectious diseases, such as malaria [11] and pneumonia [12] neopterin levels have been shown 
to depend on severity of disease. Among BU patients, INF-γ concentrations increase during 
treatment, and show a rapid increase in patients with large lesions and only a minor increase in 
patients with small lesions [6,13]. In conclusion, neopterin values appear to be of limited value in 
detecting paradoxical responses among patients with limited BU disease. Other ways to predict 
clinical response to antibiotic treatment and to distinguish between treatment failure and a 
paradoxical response are needed. The slower immune response among patients with antibiotic 
treatment containing clarithromycin may have clinical consequences when fully oral antibiotic 
treatment will be introduced.

5
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Abstract
Background Buruli ulcer may induce severe disabilities impacting on a person’s well-being and 
quality of life. Information about long-term disabilities and participation restrictions is scanty. The 
objective of this study was to gain insight into participation restrictions among former Buruli 
ulcer patients in Ghana and Benin. 
Methods In this cross-sectional study, former Buruli ulcer patients were interviewed using the 
Participation Scale, the Buruli Ulcer Functional Limitation Score to measure functional limitations, 
and the Explanatory Model Interview Catalogue to measure perceived stigma. Healthy community 
controls were also interviewed using the Participation Scale. Trained native interviewers conducted 
the interviews. Former Buruli ulcer patients were eligible for inclusion if they had been treated 
between 2005 and 2011, had ended treatment at least 3 months before the interview, and were 
at least 15 years of age. 
Results In total 143 former Buruli ulcer patients and 106 community controls from Ghana and 
Benin were included in the study. Participation restrictions were experienced by 67 former patients 
(median score, 30, IQR; 23;43) while 76 participated in social life without problems (median score 5, 
IQR; 2;9). Most restrictions encountered related to employment. Linear regression showed being 
female, perceived stigma, functional limitations, and larger lesions (category II) as predictors of 
more participation restrictions. 
Conclusion Persisting participation restrictions were experienced by former BU patients in Ghana 
and Benin. Most important predictors of participation restrictions were being female, perceived 
stigma, functional limitations and larger lesions. 
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Introduction
Buruli ulcer (BU) is a skin condition caused by Mycobacterium ulcerans, which is the third most 
prevalent mycobacterial disease in immuno-competent humans, after the diseases caused by 
Mycobacterium tuberculosis and Mycobacterium leprae [1]. BU presents as a small nodule or a plaque 
sometimes accompanied by edema. At a later stage, the lesion breaks open with ulceration 
typically presenting with undermined edges [2]. The World Health Organization (WHO) has classified 
lesions as category I: lesions cross-sectional diameter of less than 5 cm; as category II: lesions of 
5-15 cm and category III: lesions of >15 cm; category III also includes lesions on important sites 
(for example eyes) and multiple lesions. The exact mode of transmission remains unclear; though 
it is generally accepted that infection is associated with living close to stagnant water [3]. BU has 
been found in more than 30 countries predominantly with tropical or subtropical climates; the 
most burdened region is West Africa. In 2011, Côte d’Ivoire, Ghana and Benin reported the highest 
numbers of new cases [4]. In Benin, the prevalence varies from 5.4 cases/10,000 to 60.7/10,000 
inhabitants depending on altitude of villages [5] while the national BU prevalence in Ghana is 
20.7 cases/100,000 inhabitants [6]. Since 2005, standard medical treatment entails antimicrobial 
therapy sometimes complemented with surgery [7]. Prevention of Disability (POD) programs have 
been developed by the WHO, which are implemented in endemic countries to reduce disabilities. 
Essential components are wound management, and positioning and mobilization of the affected 
extremity. Nevertheless, studies have revealed that people still develop physical disabilities such 
as scarring, contractures, deformities, and sometimes require amputation [8, 9] or are otherwise 
left with functional limitations [10, 11]. Not only may BU lead to physical consequences, but also 
stigmatization is perceived by former BU patients, even years after healing [12]. Magico-religious 
ideas on the cause of BU, fear of contracting the disease and its visible signs are suggested to be 
the most important distinctive features of this stigma [13]. In other stigmatized health conditions 
such as leprosy and leishmaniasis, participation restrictions in social life after treatment are 
common [14-18]. Participation restrictions are defined as ‘any problem an individual may experience 
in involvement in life situations’ [19]. For example, a person may encounter restrictions related 
to employment, meeting new people, visiting public places or attending social events in the 
community. Participants of a qualitative study have expressed that scarring and physical 
disabilities as a result of BU disease may result in problems with marriage and employment [20]. 
In addition, community members expressed persisting negative attitudes towards BU patients 
resulting in social exclusion as victims are believed to have no social responsibilities and should 
be restricted in attending social events [21]. Social problems are of particular importance because 
of their impact on a person’s well-being and quality of life [22]. The aim of this study was to explore 
participation restrictions among former BU patients and to gain insight into the factors that 
predict participation restrictions.  
 

Methods
Study population
From January - October 2012 data for this cross-sectional study were collected in Ghana and 
Benin. Eligible for inclusion were former BU patients aged at least 15 years, who were treated 
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between 2005 and 2011, and whose treatment was completed at least 3 months before the 
study commenced. Medical records of the Centre de Dépistage et de traitement de l´Ulcère de 
Buruli de Lalo in Benin and Agogo Presbyterian Hospital in Ghana were screened for potential 
participants. In the absence of an address system and with no phone numbers recorded, potential 
participants had to be sought in the villages. In Benin a high number of potential participants 
were found, and therefore primary health care posts surrounding the hospital were chosen as 
study sites. Posts were selected if a high number of cases was found, from the medical records, in 
the catchment area of the post and if they were relatively easy to access (in terms of distance and 
road circumstances). In Ghana, former BU patients who participated in another follow-up study of 
the BURULICO trial in Ghana [23] were excluded. Healthy community controls without any history 
of BU or without a visible disability were recruited from villages located in the study area. In both 
countries, we aimed to include at least 50 healthy controls. Community controls representing the 
same age (+5/-5 years), female/male ratio and geographical location as the former BU patients 
were recruited. 

Questionnaires
Socio-demographic factors: To obtain information on socio-demographic variables a questionnaire 
was developed containing questions on current medical status, age, sex, location of residence, 
educational level, occupation and living situation.  History of BU disease was traced from the BU01 
forms and/or medical records. A visible deformity was established by the interviewers before the 
interview.

Participation restrictions: Participation restrictions were assessed with the Participation Scale 
(P-scale). The P-scale consists of 18 items covering eight major life domains distinguished by 
the International Classification of Functioning, Disability and Health (ICF) [24]. The instrument is 
generic and uses a peer-comparison to diminish cultural influences. The participants are asked to 
compare themselves to someone who is similar in all social-cultural, economic and demographic 
aspects, except for the disease or disability. Each item entails an objective question (responses; 
yes, no, sometimes or not specified, not answered or irrelevant) and a subjective question to 
grade participation restrictions (responses; ‘no problem’ (1), ‘small problem’ (2), ‘medium problem’ 
(3) and ‘a large problem’ (5)). Item scores are summed for the total score (range 0-90). Higher 
scores signify more participation restrictions. The cut-off value, based on local reference data, 
for participation restrictions was established to be 12 in the development study [24]. We decided 
to calculate a cut-off value, an approach that was recommended for this instrument, that was 
developed and validated in other cultural contexts [24].

Functional limitations: The Buruli Ulcer Functional Limitation Score (BUFLS) [25, 26] was employed to 
establish perceived functional limitations. Questions aim to gain insight into patients’ perception 
of ability in 19 daily tasks divided into four groups: food preparation, personal care, daily work 
activities and mobility. The BUFLS uses an ordinal response scale; 0 points reflect an activity is 
performed without problems, 1 point indicates an activity is performed with difficulty and 2 
points denote that an activity is impossible to perform. The total score, ranging from 0 to 100, 
is the sum score divided by the maximal score applicable for the patient and multiplied by 100. 
Higher scores denote a higher level of functional limitations. 
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Perceived stigma:  A subset of questions (15 in total) of the Explanatory Model Interview Catalogue 
(EMIC) [27] which has been used earlier [13, 28], was used to explore perceived stigma [29]. Response 
options are ‘yes’ (3 points), ‘possibly’ (2 points), ‘uncertain’ (1 point) and ‘no’ (0 points). Each 
question contributes equally to the sum score. Sensitive questions concerning marriage, sexual 
functioning and fertility were not asked to participants below the age of 20 years. To compensate 
for items not asked, the total stigma score was calculated as the percentage of the maximum 
score a participant could receive on the questions applicable for that participant. Higher scores 
are indicative of a higher level of perceived stigma. 

Translation
Procedures regarding translation of the P-scale are extensively described elsewhere [30] (chapter 
7) briefly summarized the scale was translated and back translated into Twi (language in Ghana) 
and French (Benin). 

Procedures
Before data collection, in each country two native language speaking interviewers participated 
in a training to prevent bias during the interview. The training was provided using the available 
manuals; the Participation Scale Users Manual (version 6.0) and the BUFLS Manual (2012). 
During data collection regular discussions were held to reveal difficulties encountered during 
interviewing. During the interviews no specific problems were encountered with understanding 
the peer comparison. Former patients with BU were identified with either the assistance of a BU 
coordinator, a health care worker, or one of the local community volunteers. If eligible former BU 
patients could not be found or appeared not to be in the village, a second visit was planned to 
ask for study participation. To ensure privacy during the interviews, private quiet places were used 
to conduct the interview. 

Ethical consent
Ethical approval was granted by the Medical Ethical Review Committees of the Kwame Nkrumah 
University of Science and Technology, School of Medical Sciences, Komfo Anokye Teaching 
Hospital in Ghana (ref: CHRPE/RC/127/12) and the Ministry of Health in Benin (ref: N01961/MS/
DC/SGM/DRF/SRAO/SA). Adult participants provided written informed consent. A parent or 
guardian of any child participant provided informed consent on their behalf.
 
Statistical analysis
Data analyses were performed with Statistical Package for the Social Science (SPSS) version 
20.0. The cut-off for the P-scale scores was determined calculating the 95th percentile of the 
P-scale sum scores of healthy community controls [24]. Two outliers in Ghana were removed for 
this analysis. The resulting cut-off was 16, indicating that participants with scores up to 16 were 
categorized as not having participation restrictions and participants with scores 17 or higher 
were categorized as having participation restrictions. Basic features of the data were analyzed 
using descriptive statistics. As appropriate, Pearson´s chi-square test, Fisher´s exact test, Mann-
Whitney U test, Kruskal-Wallis test and Spearman Ranks correlation were performed to compare 
for differences in socio-demographic factors and clinical aspects across countries as well as for 
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Table 1. Characteristics of former BU patients 

Variables  Ghana (n = 75) Benin (n = 68) P-value 
Age at time of inclusion, 
median (IQR) 

27 (19;33) 25 (18;43) .791* 

Sex (male, %) 33 (44) 31 (46) .859‡ 
Length of time since start 
treatment, median in 
months (IQR) 

24 (15;37) 62 (33;71) <.001* 

Type of treatment 
 

Antibiotic treatment, n (%)                               55 (73) 
Antibiotics and surgery, n (%)                          20 (27) 

29 (43) 
39 (57) 

<.001‡ 

Nr. of lesions, n (%) 
 

  1                                                                      68 (91) 
>1                                                                          7 (9) 

61 (91) 
6 (9) 

.938‡ 

Lesion size, n (%)  
 

Category I                                                         56 (82) 
Category II                                                          8 (12) 
Category III                                                          4 (6) 

36 (53) 
19 (28) 
13 (19) 

.001‡ 

Type of lesion 
 

Nodule                                                              31 (41) 
Plaque/edema                                                   19 (26) 
Ulcer                                                                 25 (33) 

2 (3) 
18 (26) 
48 (71) 

<.001‡ 

Joint involved (yes, %) 24 (36) 27 (42) .455‡ 
Visible deformity (yes, %) 1 (2) 17 (32) <.001‡ 
Profession, n (%) 
 

Employed/student                                             74 (99) 
Unemployed                                                         1 (1) 

60 (88) 
8 (12) 

.010‡ 

Living situation, n (%) 
 

Living with nuclear family                               30 (40) 
Living with extended family                            41 (55) 
With others                                                           4 (5) 

17 (25) 
51 (75) 

0 

.011‡ 

*Mann Whitney U test, ‡Pearson chi-square or Fisher´s exact test as appropriate 

	  

univariate associations with P-scale sum scores. Factors significantly related (P <0.1) to P-scale 
sum scores were entered as potential predictors of participation restrictions in a linear regression 
analysis. Residuals were checked for a normal distribution. The variable: ‘visible deformity‘ was 
removed for analysis because of missing values (n = 41). Predictors were removed from the 
model when removal criterion was met (P >0.1). Interaction terms (country x sex, sex x stigma 
scores, sex x age, and country x stigma score) were explored, also using differences found in the 
previous analysis [30] between Ghana and Benin.  For interpretability, age was centered at 15 years, 
as minimum age of the BU patients was 15 years of age. 

Results
Population
In total 121 patients were treated for BU in Agogo Presbyterian Hospital in Ghana between 
2005 and 2011 of which 46 could not be found. Reasons were unknown addresses (20), unclear 
information on name or location (16), had died (6) or were not traced (4) resulting in participation 
of 75 former patients with BU in Ghana. In Benin, a total of 4 village health centers were visited 
resulting in 255 patients treated for BU between 2006 and 2011. In total 68 former patients with 
BU could be traced. Reasons why patients could not be found were not recorded. Significant 
differences between Ghana and Benin were found in length of time since start of treatment, type 
of treatment, lesion size, type of lesion, visible deformity, profession and living situation (Table 1).
 
Table 1. Characteristics of former BU patients
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Figure 1. Profile of participation restrictions of patients and controls in Ghana. 
	  

Profile of participation restrictions
Using a cut-off value of 16, in total, 67 (47%) former patients with BU experienced participation 
restrictions (median 30, IQR; 23; 43) while 76 indicated no participation problems (median 5, IQR; 
2;9). Median P-scale sum scores of the former BU patients were similar in Ghana and Benin (Ghana: 
median 13, IQR; 5;29, Benin: median 13, IQR; 4;30). Across both countries, the most frequently 
reported problems among former BU patients were related to employment. In addition, in Ghana 
former BU patients experienced mainly problems with meeting new people, giving their opinion 
in family discussions, long-term relationships, being socially active, respect, and recreational and 
social activities. In Benin, former BU patients experienced mainly problems with being socially 
active, giving their opinion in family discussions, going for visits outside the village, recreational/
social activities, helping others, and attending major festivals and rituals. Patients in Ghana had 
higher scores on each item compared to the healthy community controls, except for doing 
household work and confidence to learn new things. In addition healthy community controls 
in Ghana had higher levels of participation restrictions compared to healthy controls in Benin 
(Figure 1 and 2).

Figure 1. Profile of participation restrictions of patients and controls in Ghana.
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Figure 2. Profile of participation restrictions of patients and controls in Benin. 
	  

Figure 2. Profile of participation restrictions of patients and controls in Benin.

To illustrate, a former BU patient expressed her aspiration to be the teacher of a local woman’s 
group, but because of BU she could not effectively organize the group. Another patient expressed 
his wish to be the leader of his political party in the future but he did not have enough money and 
because of the condition he could not succeed. 

Basic factors, functional limitations, perceived stigma and participation restrictions 
In Benin, women, or patients with more than 1 lesion, a visible deformity or larger lesions scored 
significantly higher on the P-scale (Table 2). 
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Table 2. Results of univariate analysis of variables among former BU patients associated with participation 
restrictions 
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Furthermore, a median EMIC score of 19.5 (IQR; 10;36) was reported; women scored a median 
score of 19 (IQR; 9;36) and men 21.4 (IQR; 11;37). The median BUFLS was 7.9 (IQR; 0;20) and women 
(median 18, IQR; 3;24) scored significantly (P = .009) higher compared to men (median 0, IQR; 
0;16). In Ghana, a median EMIC score of 20 (IQR; 13;53) was found; women scored a median score 
of 21.1 (IQR; 9;54) and men 20 (IQR; 13;54). The median BUFLS was 6.7 (IQR; 0;16) and women 
(median 11.8, IQR; 3;19) scored significantly (P = .043) higher compared to men (median 2.6, IQR; 
0;13).

Predictors of participation restrictions
Factors significantly contributing to the regression equation were sex, functional limitations 
(BUFLS), perceived stigma (EMIC), age, and lesion size (Table 3). The explained variance of the 
model was 52%. In the prediction model, females had on average higher (8.1) P-scale scores than 
men. As functional limitation increases by 1 point, (scale range 0-71), P-sale score increases on 
average with 0.6 units. As perceived stigma increases by 1 point, (scale range 0-90), P-scale score 
increases on average with 0.2 units. Having a category II lesion (cross-sectional diameter of 5-15 
cm) increases the P-scale score on average with 7.6 points.
Post hoc analysis was performed to determine predictive value of lesion size as dichotomized 
variable (category I vs category II and III) on participation restrictions. Factors significantly 
contributing to the regression equation were similar as shown in Table 3 as well as the explained 
variance of the model. Having a category II or III lesion increases the P-scale score by 6.8 points 
(P = .010).

6

501598-bw-deZeeuw.indd   76 05-01-16   14:30



501598-L-bw-deZeeuw501598-L-bw-deZeeuw501598-L-bw-deZeeuw501598-L-bw-deZeeuw

77  

Table 3. Results of linear regression analyses to statistically predict participation restrictions (n = 132) 

Predictors B SE P-value 95% CI 
Lower 
Bound 

95% CI 
Upper 
Bound 

Constant (reference group is lesion 
Category I) 

-2.1 2.65 .427 -7.36 3.13 

Category II 7.6 3.17 .019 1.29 13.82 
Category III 5.7 3.72 .126 -1.63 13.10 
Sex (female) 8.1 2.43 .001 3.26 12.88 
BUFLS  .6 .11 <.001 .35 .78 
EMIC .2 .06 .001 .09 .33 
Age* .2 .09 .073 -.01 .33 
Lesion category I: lesions with cross-sectional diameter of less than 5 cm, lesion  category II: lesions with 5-15 
cm cross-sectional diameter, lesion category III: lesions with >15 cm cross-sectional diameter, on important sites 
or multiple lesions, BUFLS: functional limitations, EMIC: perceived stigma, * age was centered - 15 years of 
age 

	  

 Table 3. Results of linear regression analyses to statistically predict participation restrictions (n = 132)

Discussion
We showed persisting participation restrictions in almost half of the former patients with BU in 
Ghana and Benin. The percentage of former patients with BU with participation restrictions is less 
compared to previous studies among former leprosy patients positively screened for difficulties 
in functioning in Indonesia (about 60%) [18], but is higher compared to former leprosy patients 
in Bangladesh (34%) [17] and Brazil (35%) [16]. Most commonly reported problems as indicated by 
former BU patients related to employment. This is in line with a previous study on participation 
restrictions using the P-scale among a total of 20 leprosy affected persons in Nigeria [14] reporting 
problems in areas related to work, domestic life and interpersonal relations. And a study among 
recently diagnosed leprosy patients in India showed that many respondents experience 
restrictions in areas related to work [31]. Finally the results of our study confirm qualitative findings 
reporting that BU may cause problems with employment [20]. The other areas in which former BU 
patients experienced restrictions differed between Ghana and Benin. Predictors of participation 
restrictions were sex, perceived stigma, functional limitations and the size of the lesion. Women 
were more at risk for participation restrictions, which may be explained by sociocultural perception 
differences on participation restrictions between men and women. Further the difference can be 
explained by a different experience of the negative attitudes of community members as indicated 
in a previous study [21]. Furthermore it is plausible that women have more tasks and relationships 
as compared to men, however in Indonesia no difference in participation restrictions between 
men and women was found [18]. Patients affected by larger lesions may lose more muscle or joint 
function and as a result are more restricted in participation. In addition functional limitations may 
also affect people’s mobility to participate in their community. Finally feeling stigmatized as a 
result of being a former BU patient may prevent people to interact with others in and outside the 
community or participate in relationships.
To our knowledge, this study was the first to use a prediction model for participation restrictions 
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among former patients with BU as measured with the P-scale. Surprisingly duration between 
end of treatment and time of interview did not influence participation restrictions. In addition 
participation restrictions were not significantly different for category III lesions compared to 
category I lesions. It is plausible that the small sample size of former patients with BU with category 
III lesions resulted in this outcome. Therefore we performed a post hoc analysis dichotomizing 
small lesions (category I) and large lesions (category II and III). The results of this analysis showed 
that having a category II or III lesion increases the P-scale score by 6.8 points. 
To establish cut-off scores the 95th percentile of the community scores was calculated. Two healthy 
community controls from Ghana were removed for this analysis because they presented extreme 
outliers, affecting cut-off tremendously (29 versus 14). The cut-offs varied slightly for Ghana and 
Benin (18 versus 14) indicating heterogeneity across countries. Though, we decided to calculate 1 
cut-off as preferred for future use in the field. 
Several study limitations should be mentioned. The groups of BU patients in Ghana and 
Benin were heterogeneous as many factors such as case finding activities and exclusion of 
potential participants due to participation in another study were beyond our control. As a 
result, former patients in Ghana were treated much more recently and mainly had category I 
lesion. Furthermore differences regarding employment related problems were found. However 
background information regarding these differences is not available as it was not the focus of our 
study, also because we did not expect these differences.  In Benin, we aimed for random sampling 
of the potential participants, however, logistical reasons led to the decision for a convenience 
sample in certain villages. It is conceivable that selection bias may have occurred. Furthermore, 
the cross-sectional design of the study prohibits drawing causal relationships. As such, some of 
the statistical predictors (perceived stigma and functional limitations) of participation restrictions 
may also be a result of participation restrictions. This is in line with the ICF model encompassing 
all the dimensions of disability, showing solely bidirectional associations. Finally, due to unknown 
reasons visible deformity was filled out less frequently leading to missing data and its influence 
on the P-scale could therefore not be analyzed in the linear regression.  
To conclude, we have shown persisting participation restrictions among former patients with BU, 
even long after treatment had finished and wounds had healed. Unfortunately the introduction 
of the antibiotic treatment in 2005 has not been able to prevent long-term consequences on the 
capability to participate in the community. The results indicate active case finding is required, as 
former patients with BU that presented with small lesions experienced less participation restrictions. 
POD programs, including stigma reduction strategies and physical and social rehabilitation are 
needed even after ‘successful’ completion of medical treatment. Such programs should pay extra 
attention to work integration. Before the development of these POD programs mixed methods 
studies should be performed to study local meanings of participation restrictions. 
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Abstract
Background Buruli ulcer is a stigmatising disease treated with antibiotics and wound care, 
sometimes surgical intervention is necessary. Permanent limitations in daily activities are a 
common long term consequence. It is unknown to what extent patients perceive problems in 
participation in social activities. The psychometric properties of the Participation Scale used in 
other disabling diseases such as leprosy was assessed for use in former Buruli ulcer patients. 
Methods Former Buruli ulcer patients in Ghana and Benin, their relatives, and healthy community 
controls were interviewed using the Participation Scale, Buruli Ulcer Functional Limitation Score, 
and the Explanatory Model Interview Catalogue to measure stigma. The Participation Scale was 
tested for the following psychometric properties: discrimination, floor and ceiling effects, internal 
consistency, inter-item correlation, item-total correlation and construct validity. 
Results In total 386 participants (143 former Buruli ulcer patients with their relatives (137) and 
106 community controls) were included in the study. The Participation Scale displayed good 
discrimination between former Buruli ulcer patients and healthy community controls. No floor 
and ceiling effects were found. Internal consistency (Cronbach’s alpha) was 0.88. In Ghana, mean 
inter-item correlation of 0.29 and item-total correlations ranging from 0.10 to 0.69 were found 
while in Benin, a mean inter-item correlation of 0.28 was reported with item-total correlations 
ranging from -0.08 to 0.79. With respect to construct validity, 4 out of 6 hypotheses were not 
rejected, though correlations between various constructs differed between countries. 
Conclusion The results indicate the Participation Scale has acceptable psychometric properties 
and can be used for Buruli ulcer patients in Ghana and Benin. Future studies can use this 
Participation Scale to evaluate the long term restrictions in participation in daily social activities 
of former BU patients. 
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Psychometric properties of the Participation Scale among former Buruli ulcer patients in Ghana and Benin

Introduction
Buruli ulcer (BU) is a neglected tropical disease caused by Mycobacterium ulcerans (MU) and has 
been reported in more than 30 countries predominantly in tropical or subtropical areas [1]. Most 
burdened region is West Africa of which Côte d’Ivoire, Ghana and Benin have reported large 
number of cases in 2012 [2]. BU presents as a small nodule or a plaque sometimes accompanied 
with edema. Later, the lesion breaks open, and a characteristic lesion presenting with undermined 
edges appears [3]. BU affects skin, subcutaneous tissue, muscles and sometimes bone resulting in 
scarring, deformities, and contractures; sometimes, amputation is necessary [4, 5]. This in turn may 
lead to long-term physical disability such as restriction in movement of joints [6] and functional 
limitation [7]. Apart from these problems, stigmatisation due to superstitious beliefs or inappropriate 
or delayed treatment may lead to considerable impact on functioning in social life [8, 9], such as 
change in occupation, unemployment, school dropout, and economic burden [10, 11]. The World 
Health Organization’s (WHO) model of International Classification of Functioning, Disability and 
Health (ICF) [12] describes disabilities in terms of impairments, activity limitations and participation 
restrictions. Participation restrictions are being viewed in this model through a social perspective 
and are defined as; ‘any problem an individual may experience in involvement in life situations’ [12]. 
Visible signs, activity problems and stigma are associated with an increased risk for participation 
restrictions [13, 14]. Various instruments have been developed to measure participation restrictions 
for populations in affluent and industrialized countries. The Participation Scale (P-scale) designed 
to measure the severity of participation restrictions as perceived among persons with disabilities, 
is the only questionnaire developed for the context of low and middle-income countries [15]. The 
P-scale has been applied to study the psychometric properties among persons with leprosy, 
poliomyelitis and spinal cord injuries aged at least 15 years [15]. The instrument is considered 
culturally free, generic, easy to administer by local staff, and has been recommended for patients 
with BU [15], however properties in such patients have not yet been tested. Therefore, the aim of 
this study was to test the psychometric properties of the P-scale among former BU patients in 
Ghana and Benin. 

Methods
Study population
Former patients with BU were identified using medical records kept by the Agogo Presbyterian 
Hospital in Ghana and the Centre de Dépistage et de Traitement de l´Ulcère de Buruli in Lalo, 
Benin. These patients were clinically diagnosed as BU patients in accordance with the WHO case 
definition [16]. Participants had to be at least 15 years; with treatment for BU between 2005-2011 to 
be completed at least 3 months before the start of the current study. We also included at least 50 
healthy community controls in each of the two countries to test the discriminative potential of the 
P-scale. To strive for an equal distribution in patients and controls regarding location, age and sex, 
healthy community controls were recruited from villages located in the study area; we attempted 
to have these control participants match with our former patients for age (+5/-5 years) and sex. 
Finally, former patients with BU were asked to help identify a relative to be approached who could 
be included in the study to act as representative to be able to test one of the hypothesis for the 
construct validity of the P-scale.
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Questionnaires
Participation restrictions
The P-scale contains 18 items covering eight of the nine major life domains defined by the ICF; 
learning and applying knowledge (1 item), communication (1 item), mobility (3 items), self-care 
(1 item), domestic life (2 items), interpersonal interactions and relationships (4 items), major life 
areas (3 items) and community, social and civic life (3 items). The major life domain ‘general tasks 
and demands’ is not asked for in the P-scale. For the majority of the items, the participant is asked 
for comparison with a ´peer´. A peer is described as ´someone who is similar in all socio-cultural, 
economic and demographic aspects, except for the disease or disability´. Each item is subdivided 
into an objective and subjective part. The objective response options are yes, no, sometimes, 
not specified, not answered, or irrelevant. If the response is ‘no’ or ‘sometimes’ the participant is 
questioned to rate the problem for which response options are scored on a 4 point Likert-scale; 
1 is no problem, 2 is small problem, 3 is medium problem, and 5 is large problem. The total score 
is the sum of all item scores and a higher score indicates more participation restrictions. The 
P-scale was developed and validated among people with disability related conditions or other 
stigmatising conditions in Brazil, Nepal and India [15]. That study showed internal consistency of 
0.92, intra-tester stability of 0.83, inter-tester reliability of 0.80, both evaluated using Intra-Class 
Correlation coefficient [15] and test-retest reliability using Intra-Class Correlationagreement of 0.90 [17]. 
Other studies found internal consistency varying from 0.87 to 0.93 in India and Nepal [13, 17, 18]. 
Different factor models have been found, a one-factor model, labeled as participation [15] and a 
two-factor model, assessing work-related participation and general participation [17]. 

Functional limitations 
The Buruli Ulcer Functional Limitation Score (BUFLS) previously developed [19] and validated [20] for 
patients with BU was used to assess functional limitations among former BU patients. Questions 
aim to gain insight in the study participants’ perception on abilities in 19 daily tasks divided in food 
preparation, personal care, daily work activities and mobility. The BUFLS uses an ordinal response 
scale; 0 points reflect an activity without problems, 1 point indicates an activity is performed with 
difficulties and 2 points imply an activity is not possible. The total score is the sum score divided by 
the maximal score applicable for the patient and multiplied by 100. A higher score indicates more 
functional limitations. The BUFLS has been validated among former BU patients in Ghana and 
Benin in the local languages (Twi and Fon). The validity of the BUFLS as established by correlations 
with range of motion and the global impression of functional limitation is acceptable [20]. The 
internal consistency established with Cronbach’s alpha is 0.82 and the inter-observer reliability as 
measured with the intra-class correlation coefficient is 0.86. The mean difference of 4.0 between 
test-retest results implies that the BUFLS is not suitable for longitudinal individual assessment [20].

Perceived stigma 
To assess the level of perceived stigma the Explanatory Model Interview Catalogue (EMIC) was 
used [21]. The EMIC contains a subset of questions aiming to measure perceived stigma [22] of which 
15 items have been previously administered to patients with BU in Ghana [8] and Benin [23]. Each 
question contributes equally and the response options are 3 points for yes, 2 points for possibly 
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and 1 for uncertain and 0 for no. In this study, sensitive questions on sexual behavior and fertility 
were not asked to patients younger than 20 years of age. To compensate for items not asked, 
the total stigma score was scored as the percentage of the maximum score a participant could 
receive on the questions applicable for that participant. Higher scores indicate higher levels of 
perceived stigma. In Ghana an internal consistency of 0.64 has been reported [8] whereas the 
version of the EMIC as used previously in Benin was not tested for its internal consistency [23]. 

Translation
The English P-scale (version 6.0) was translated into Twi (one of the local languages in Ghana) 
and French (Benin) and back translated. To ensure correct translation into the local language in 
Benin, Fon, an interview conducted by a native speaker was recorded and back translated by 
another native speaker without knowledge of the initial French version of the P-scale. Thereafter 
the translated, back translated and initial versions were compared. Each item was checked for 
the correct words used that were appropriate for the target group and whether the meaning of 
the question was maintained. Both in Ghana and Benin, pilot studies were conducted to study 
understandability of the wording, the question and the response options. Examples not suitable 
for the West African context, like bazaars, or tea/coffee shops were removed. 

Procedures
In both countries, face validity of the P-scale was established among medical doctors, nurses, a 
physical therapist, a social scientist and a BU coordinator. The conceptualization of the construct 
participation restriction, the relevance and importance of each item, the understandability of 
the peer concept, and the response option for the target population was discussed. In both 
countries, two native language speaking interviewers participated in a training on the objective 
of the interview, and conducting the interviews in accordance with the available manuals, the P-
scale Users Manual (version 6.0) and BUFLS manual (2012) to prevent biases during interviewing. 
The P-scale was adapted for relatives. Each question was adapted in such a way that the relative 
could answer for the former BU patient. For example the first question of the P-scale was changed 
into; 
Does he/she have equal opportunity as his/her peers to find work?
 How big is that problem to him/her?
 
Discrimination 
To establish discrimination, it was determined a significant difference (α value of 0.05) in P-scale 
sum scores between former patients with BU and healthy controls indicates the instrument has 
discriminative value.  

Floor and ceiling effects 
Floor and ceiling effects were determined to be present when ≥15% of the respondents scored 
the lowest (0) or the highest (90) possible score on the P-scale. 

Internal consistency 
A Cronbach’s alpha was calculated to determine internal consistency. A value of ≥0.70 was 
considered sufficient [24].

Psychometric properties of the Participation Scale among former Buruli ulcer patients in Ghana and Benin
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Construct validity 
To determine construct validity, hypotheses were formulated a priori accounting for both countries 
together. To positively rate construct validity ≥75% (5 out of the 6) of the a priori hypothesis need 
to be confirmed [24]. 
The hypotheses formulated are: 
 Hypothesis 1: Former patients with BU with visible deformities have significantly 
 higher P- scale scores than those without. 
 Hypothesis 2: Former patients with BU with a joint involved have significantly higher 
 P- scale scores than those without. 
  Hypothesis 3:  Former patients with BU who have changed their profession due to 
 BU have  significantly higher P-scale scores than those who continued the same job. 
  Hypothesis 4: A positive correlation (0.4-0.8) exists between the P-scale sum scores 
 and the  BUFLS sum scores.
  Hypothesis 5: A positive correlation (0.4-0.8) exists between the P-scale sum scores 
 and sum  stigma scores. 
  Hypothesis 6: A positive correlation (0.4-0.8) exists between the P-scale sum scores 
 of  former patients with BU and their relatives. 

Ethical consent
The Medical Ethical Review Committees of the Kwame Nkrumah University of Science and 
Technology; School of Medical Sciences, Komfo Anokye Teaching Hospital in Ghana (ref: CHRPE/
RC/127/12) and Ministry of Health in Benin (ref: N01961/MS/DC/SGM/DRF/SRAO/SA)  approved 
the study. Before the interview started, the aim of the interview was explained and written 
informed consent was obtained from the participants. The participants were informed on the 
voluntary participation and confidentiality of the study.
 
Statistics
Data were analyzed using Statistical Package for the Social Sciences (SPSS) 20.0. To correct for 
missing values of P-scale questions of former BU patients, imputation using individual mean 
subscale scores was used. In case a missing value represented a 1-item subscale, the total mean 
score was calculated to fill out the missing value. Non-parametric analysis was computed as all 
questionnaire data was positively skewed. The Mann-Whitney U test or Chi-square was used to 
analyze possible differences in clinical signs, socio-economic, and demographic factors between 
countries and P-scale scores. To control for differences across countries, analysis for Ghana and 
Benin were performed separately. When striking differences between countries were not found 
analysis was performed taking both countries together. Cronbach´s alpha, inter-item correlation 
and item-total correlation were used to analyze internal consistency. Spearman’s rho correlations 
and confidence intervals were used to test the associations between the P-scale and the scores 
of the BUFLS, EMIC and P-scale administered among relatives. Calculation of confidence intervals 
into z-scores allowed interpretation as effect sizes [25] to study differences across countries. An 
effect size of 0.10 is considered small with a negligible practical importance, an effect size of     
0.30 is considered medium with a moderate practical importance, and an effect size of 0.50 is 
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considered large and of crucial importance [25]. Mann-Whitney U test was computed to analyze 
differences in P-scale scores between former patients with BU and healthy controls. 

Results 
A total of 143 former patients with BU, with 137 relatives, and 106 healthy community controls 
were included in the study. The basic characteristics of the former patients with BU and healthy 
community controls across countries and the P-scale scores are depicted in Table 1. 
 
Table 1. Baseline characteristics of former BU patients (n = 143) and controls (n = 106) 

Four former patients with BU required imputation of missing values based on sum scores. Analysis 
of differences in basic characteristics between countries showed significant differences in type 
of treatment and visible deformities. In Ghana, differences between sex on P-scale sum scores 
were not found while in Benin, women reported significantly (P = .001) higher P-scale sum scores 
(median 23, IQR; 9;40) compared to men (median 7, IQR; 3;17). For both countries taken together, 
P-scale sum scores were significantly higher (P = .001) for women (median 19, IQR; 7;33) compared 
to men (median 9, IQR; 3;24). 

Discrimination
Age and sex did not differ significantly between former patients with BU and healthy controls 
(Table 1). P-scale scores among former patients with BU (median 13, IQR; 4;29) were significantly 
higher (P <.001) than that of healthy controls (median 2, IQR; 0;6). Similar results were found when 
looking at discriminative value of the P-scale in both countries. 

Psychometric properties of the Participation Scale among former Buruli ulcer patients in Ghana and Benin

Table 1. Baseline characteristics of former BU patients (n = 143) and controls (n = 106) 
Variables  Former BU patients Healthy community controls 
  Ghana  

(n = 75) 
Benin  

(n = 68) 
Ghana  

(n = 50) 
Benin 

 (n = 56) 
Age at time of inclusion, 
Median (IQR) 

 27 (19;33) 
 

25 (18;43) 28.5 (21;37) 31 (24;41) 

Sex, male (%)  33(44) 31(46) 23(46) 31(55) 
Type of treatment** 
    
 

Antibiotics, n (%) 
Antibiotics & surgery, 
n (%) 

55 (73) 
20 (27) 

29 (43) 
39 (57) 

- 
 

- 

Nr. of lesions 
 
 

1, n (%) 
 > 1, n (%) 

68 (91) 
7 (9) 

61 (91) 
6 (9) 

 

- 
 

- 
 

Location of lesion* 
 

Upper limb, n (%) 
Lower limb, n (%) 
Trunk/head/neck, (n %) 

35 (45) 
35 (45) 

8 (10) 

18(27) 
45 (68) 

3 (5) 

 
- 
 

 
- 

Joint involved, yes (%)  24 (36) 27 (42) - - 
Visible deformity, yes (%)**  1 (2) 17 (32) 0  0  
Profession 
   
 

Employed, n (%) 
Unemployed, n (%) 
Student, n (%) 

59 (79) 
1 (1) 

15 (20) 

45 (66) 
8 (12) 

15 (22) 

41(82) 
1 (2) 

8 (16) 

52 (95)‡ 
0 

3 (5) 
Change occupation, yes (%)  6 (9) 2 (3) - - 
Literacy, yes (%)  19 (26) 17 (42) - - 
Participation restriction 
score (Median, IQR, range) 

 13 (5;29), 
0-78 

13 (4;30), 0-
72 

2 (0.3;8), 0-
49 

1 (0;3), 0-23 

* Ghana: 1 missing and 4 patients with more lesions included, Benin: 4 missing and 2 patients with more lesions,  
** significant difference between Ghana and Benin, ‡ 1 missing 
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Floor and ceiling effects
Overall, no floor and ceiling effects were found as 6% scored the lowest possible sum score (0) 
and none of the participants scored the highest possible (90) sum score. 

Internal consistency
The median scores of the separate items according to the different subscales of the P-scale across 
countries are shown in Table 2. For Ghana the mean inter-item correlation was 0.29 (range -0.13 - 
0.71) while for Benin this was 0.28 (range -0.22 - 0.95).  In Ghana, lowest item-total correlation (0.10) 
was found for the item ‘confident to try to learn new things’ of and highest item-total correlation 
(0.69) was found with ‘work hard as your peers do’. In Benin, lowest item-total correlation (-0.08) 
was found with ‘comfortable meeting new people’ and highest (0.79) was found with ‘mobility 
house/village as other people’. The 18 item P-scale had a Cronbach´s alpha of 0.88 (124 participants). 
A Cronbach´s alpha of 0.88 was found among participants in Ghana (n = 57) and was similar (0.87) 
in Benin (n = 67).  
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Table. 2 Percentages scoring not restricted, no, small, medium and large problem per question of the P-scale
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Table 3. Spearman’s rank correlations, 95% confidence intervals and effect sizes for differences in 

correlations between the P-scale scores of former BU patients and relatives, and with functional 

limitations and stigma 

 P-scale Ghana P-scale Benin Effect sizes for 
differences in 

correlations 
BUFLS: functional 
limitations 

0.64(0.48;0.76) 0.71(0.57;0.81) 0.13 

EMIC: perceived 
stigma 

0.64(0.48;0.76) 0.36(0.13;0.55) 0.38 

Relative: participation 
restrictions 

0.70(0.56;0.80) 0.92(0.87;0.95) 0.72 

	  

Construct validity 
 Hypothesis 1: P-scale scores of former patients with BU with visible deformities (n = 18, 
 median 19, IQR; 11; 45) were significantly (P = .023) higher than those without 
 visible deformities (n = 84, median 8.5, IQR; 3; 25). (Hypothesis accepted).
 Hypothesis 2: P-scale scores of former patients with BU with joint involvement (n = 51, 
 median 18, IQR; 8; 32) were nearly significantly (P = .056) higher than those without 
 joint involvement (n=80, median 9.5, IQR;  3; 27). (Hypothesis rejected).
 Hypothesis 3: P-scale scores of former patients with BU that changed occupation were 
 higher  (n = 8, median 16.5, IQR; 5; 38) compared to those that continued the same occupation 
 (n = 117, median 13, IQR; 5; 29) but this difference did not reach statistical significance 
 (P = .809). (Hypothesis rejected).
 Hypothesis 4: A Spearman’s rank correlation of 0.67 was found between the BUFLS and 
 P-scale scores. (Hypothesis accepted).
 Hypothesis 5: A Spearman’s rank correlation of 0.53 was found between the EMIC and the 
 P-scale. (Hypothesis accepted).
 Hypothesis 6: A Spearman’s rank correlation of 0.80 was found between the P-scale sum 
 scores of former BU patients and relatives. (Hypothesis accepted).  

The associations between functional limitations, perceived stigma and participation restrictions 
separately for Ghana and Benin are depicted in Table 3. 

Table 3. Spearman’s rank correlations, 95% confidence intervals and effect sizes for differences in correlations 
between the P-scale scores of former BU patients and relatives, and with functional limitations and stigma.  

 
A small effect size [25] was found with respect to functional limitation and participation restrictions 
implying that associations between constructs are almost similar across Ghana and Benin. When 
looking at the difference in association between perceived stigma and participation restrictions in 
both countries, a medium effect size appeared meaning that the difference in association between 
both countries is of moderate importance. Finally, the association between the participation 
score as answered by a relative of the patient and the patient differed largely between Ghana and 
Benin. In Ghana a Spearman’s rank correlation of 0.70 was found between the P-scale sum scores 
of former BU patients and relatives, while in Benin a Spearman’s rank correlation of 0.92 was found 
between the P-scale sum scores of former BU patients and relatives. 
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Discussion
This study aimed to test the psychometric properties of the P-scale among former patients with 
BU in Ghana and Benin. The findings indicate acceptable psychometric properties for assessing 
participation restrictions in former patients with BU aged at least 15 years. Findings revealed good 
discriminative potential between former BU patients and controls, which are similar to those in 
the initial development study of the P-scale of van Brakel et al. (2006). Internal consistency was 
good and consistent with those found in previous studies [13, 17, 18]. Floor and ceiling effects were 
absent, as in earlier studies [13, 17].
Our study confirmed 4 out of the 6 hypotheses. Moderate to strong relations were found with 
functional limitation, stigma and participation problems indicated by relatives. Associations with 
functional limitation and stigma are corresponding with associations previously found [13, 14]. When 
looking at country level, similar associations between functional limitations and participation 
restrictions emerged. However correlations between perceived stigma and participation 
restrictions were moderately different, and the association between relatives and patients was 
strikingly different. It is possible that translation of the instrument and observer differences could 
have resulted in distinct associations in our study. However, in both countries, after translation 
and back-translation of the P-scale, the correct formulation of the content of the questions was 
discussed extensively. In addition, in Benin and Ghana a pilot study was conducted to ensure 
reliability between the trained native-speaking interviewers and interviews were reviewed 
regularly during data collection. However the equivalence of previous scores and scores in this 
study should be compared and a factor analysis should be performed to assess measurement 
invariance which we initially planned, but the sample sizes of both groups (Ghana and Benin) 
were too small. It is also plausible that the experience of participation restrictions and stigma 
may be different in Ghana and Benin due to cultural differences, and that evaluation of relatives 
regarding the experience of participation restrictions for former patients with BU could have been 
interpreted differently due to differences in type of relatives in Ghana and Benin or local cultural 
differences. The findings of this study indicate the P-scale has acceptable psychometric properties 
and can be used for BU patients in Ghana and Benin, but the cross-cultural applicability of the 
instrument should deserve further study. Recently, it was also recommended that the P-scale 
should be studied more extensively on cultural validity in a new cultural context [26]. In addition 
future studies should focus on psychometric testing using pre-post scores to provide information 
regarding the responsiveness of the P-scale, test-retest reliability and intra- rater and inter-rater 
reliability. Since many of the BU patients are children, further research is needed in order to also 
develop a suitable instrument for children up to 15 years old measuring participation restrictions 
and explore the extent of participation problems among these children. Gathering knowledge 
on participation problems among BU patients is essential in order to be able to develop a suitable 
intervention. 
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Abstract
Background Buruli ulcer (BU) is a neglected tropical disease caused by Mycobacterium ulcerans. 
Usually BU begins as a painless nodule, plaque or edema, ultimately developing into an ulcer. 
The high number of patients presenting with ulcers in an advanced stage is striking.  Such late 
presentation will complicate treatment and have long-term disabilities as a consequence. The 
disease is mainly endemic in West Africa. The primary strategy for control of this disease is early 
detection using community village volunteers.
Methodology/Principal Findings In this retrospective, observational study, information regarding 
Buruli ulcer patients that reported to one of the four BU centers in Benin between January 2008 
and December 2010 was collected using the WHO/BU01 forms. Information used from these 
forms included general characteristics of the patient, the results of diagnostic tests, the presence 
of functional limitations at start of treatment, lesion size, patient delay and the referral system. The 
role of the different referral systems on the stage of disease at presentation in the hospital was 
analyzed by a logistic regression analysis. About a quarter of the patients (26.5%) were referred to 
the hospital by the community health volunteers. In our data set, patients referred to the hospital 
by community health volunteers appeared to be in an earlier stage of disease than patients 
referred by other methods, but after adjustment by the regression analysis for the health center, 
this effect could not be seen anymore. The Polymerase Chain Reaction (PCR) for IS2404 positivity 
rate among patients referred by the community health volunteers was not systematically lower 
than in patients referred by other systems. 
Conclusions/Significance This study clarifies the role played by community health volunteers in 
Benin, and shows that they play an important role in the control of BU.
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Introduction
Buruli ulcer (BU), caused by Mycobacterium ulcerans, is an emerging neglected tropical disease. 
It is the third most common mycobacterial disease after tuberculosis and leprosy in immuno-
competent persons in Benin. The disease has been reported in more than 30 countries worldwide, 
but the highest patient load is in West Africa [1–4]. Usually BU begins as a painless nodule, plaque or 
edema, ultimately developing into an ulcer. The high number of patients presenting with ulcers 
in an advanced stage is a major problem because treatment of advanced disease is complex 
and frequently has long-term disabilities as a consequence [5,6]. Late presentation to health care 
facilities is common and is influenced by practical matters such as travel costs, visits to traditional 
healers and the patient’s perception of illness [7,8]. Treatment consists of antibiotic treatment using 
streptomycin and rifampicin for eight weeks combined with wound care till the lesion heals [4,9].  
Lesions take a long time to heal; in a clinical trial on antibiotic treatment in Ghana, the median 
time to healing was 18 weeks for category I lesions. The median time to healing is larger for 
category II and III lesions - 30 weeks [10]. Surgery may be necessary. The size of the lesion was the 
main factor associated with surgery [11–13].
The World Health Organization (WHO) recommends early case detection and early treatment of the 
lesions for BU control. Early case detection is important because delayed presentation for medical 
treatment is correlated with evolution of pre-ulcerative lesions to the ulcerative form, increased 
risk of osteomyelitis, more extensive surgical intervention and skin grafting [14], extended hospital 
admission and severe functional limitation [15–17]. Strategies used for early detection of BU patients 
are active case finding and education in the rural areas with the assistance of community health 
volunteers. Community health volunteers can be defined as lay individuals trained in a particular 
role of delivering curative or preventative care or control in their own community [18]. Community 
health volunteers have been shown to play an important role in controlling several endemic 
diseases such as onchocerciasis and dracunculiasis. To control onchocerciasis, the community 
health volunteers participated in ivermectin mass distribution. For dracunculiasis, they reported 
cases monthly [19–21]. In some African countries, community health volunteers contributed to the 
conduction of vaccine trials, and play important roles in the reduction of maternal, newborn and 
infant mortality as well as in the management of febrile convulsions [22–26]. In BU, very few studies 
have evaluated the role of community health volunteers. This study looks at the contribution of 
different actors in the current reference system in Benin, their influence on the stage of disease at 
presentation in the hospital and on the diagnostic confirmation rate of BU, using IS2404 PCR.

Methods
Management of BU Control in Benin
In Benin, the National Program against Leprosy and Buruli ulcer (PNLLUB) is the official body 
that organizes and implements BU control. Each endemic area has a Center of Detection and 
Treatment of BU (CDTUB) in Benin. In total, the program has four CDTUB respectively called A, B, 
C and D in this study to ensure anonymity. Detection teams are composed of two community 
health volunteers and two teachers in each endemic village, supervised by the nurse in charge of 
the health area. Main roles of the detection teams are to detect patients with suspicious lesions, 
to refer them to the nearest CDTUB, and to follow up cured patients after care. The volunteers do 
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not receive compensation per BU case detection. All clinically confirmed patients are registered 
with the BU01 form in a CDTUB. This form (Figure 1) was provided by the WHO and used by all 
BU endemic countries to collect basic clinical data on newly registered patients for guidance 
of national programs since 2007 [4]. Trained nurses fill out the information on this form. Case 
confirmation is made by Laboratoire de Référence des Mycobactéries (LRM) in Cotonou for CDTUB 
A, B, D and in Anger (France) for CDTUB C. The laboratory of the Institute of Tropical Medicine in 
Antwerp has provided the quality control of LRM. Diagnostic tests include microscopy to detect 
acid-fast bacilli (AFB) and Polymerase Chain Reaction (PCR) for IS2404.

 

Figure 1. BU01 Form

Study population and procedures  
In this retrospective, observational study, patient information was collected from the WHO/BU01 
forms of all Buruli ulcer patients reported to one of the four BU centers in Benin between the 1st of 
January 2008 and the 31st of December of 2010.  General characteristics of the patient, the results 
of diagnostic tests, the presence of functional limitations at start of treatment, the category of the 
lesion, patient delay, earlier visits to a traditional healer and the referral system were collected from 
the form. Patients can be referred to health centers by a health care worker, by trained community 
health volunteers or teachers, or by persons not included in the detection team such as family 
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members, former patients, or they may report themselves. These items were selected from the 
BU01 form because they can be useful in assessing the importance of different actors in the 
current reference pattern in Benin, their influence on the stage of disease at presentation in the 
hospital and on the diagnostic precision of BU. Community education activities and geographical 
and socio-economic circumstances are expected to differ between treatment centers. Therefore 
the treatment center together with age and sex of the patients presenting to each center were 
evaluated as potential confounders or effect modifiers in the relation between referral system 
and disease stage. 

Definitions
The presence of functional limitation at presentation was determined by visual assessment by 
the nurse completing the WHO form at start of treatment. Category of the lesion was registered 
according to the WHO classification provided by WHO [4] as follows: 
 • Category I. A single lesion <5 cm in diameter.
 • Category II. A single lesion between 5 and 15 cm in diameter.
 • Category III. A single lesion >15 cm in diameter or multiple lesions 
    or lesion(s) at critical sites (eye, breast, genitalia), or osteomyelitis.  
We defined an early lesion as a lesion in category 1 or 2 at admission (Figure 2).
Patient delay was defined as the time between the start of the lesion (as indicated by the patient) 
and the date of reporting at the BU centers. 

Figure 2. Early lesion of Buruli ulcer

Statistics
Statistical analysis was performed using Statistical Package for Social Science (SPSS) version 19.0.  
All records of BU cases treated in the treatment centers during the study period were complete 
for the study variables used. The records of BU patients for whom PCR results were missing, were 
excluded from the analysis on diagnostic precision. χ 2 tests and t tests, or Kruskal-Wallis Test as 
appropriate were used for the univariate analyses on patient characteristics and the referral system. 
The role of the different referral systems on the stage of disease at presentation in the hospital 
was analyzed by a logistic regression analysis (manually entered). The variables as presented in 
the univariate analysis were studied on confounding and effect modification. 
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Table 1. Characteristics of participants related to Referral system   

 Health 
workers  
 

Community 
health 
volunteers 

Teachers Former 
patients 

Family 
members 

Self 
reported  

Total P-value 

Age (median, IQR) 15 (7-35) 12 (7- 30) 29 (9-35) 26 (12 - 46) 10 (6 -21) 30 (15 -45) 15 (8 - 35)  < 0.001 * 

Sex (male %) 218 (55.1) 259 (49.7) 20 (62.5) 228 (52.7) 176 (47.8) 111 (51.6) 1012 (51.5)  0.266 ** 

Patient delay (weeks in median, IQR) 12 (6-26) 12 (4.7-30) 13 (8.5-56) 12 (6-26) 8 (4-14) 8 (4-16) 12 (4-26) < 0.001 * 

Functional limitation visible at admission n (%) 83 (21.0) 67 (12.9) 7 (21.9) 57 (13.2) 132 (35.9) 61 (28.4) 407 (20.7) < 0.001 ** 

Category 1 n (%) 48 (12.1) 138 (26.5) 5 (15.6) 17 (3.9) 94 (25.5) 50 (23.3) 352 (17.9) < 0.001 ** 

Category 2 n (%) 142 (35.9) 217 (41.7) 14 (43.8) 139 (32.1) 131 (35.6) 82 (38.1) 725 (36.9) < 0.001 ** 

Category 3 n (%) 206 (52.0) 166 (31.9) 13 (40.6) 277 (64.0) 143 (38.9) 83 (38.6) 888 (45.2) < 0.001 ** 

Category 1 or 2 combined n (%) 190 (48) 355 (68.1) 19 (59.4) 156 (36.0) 225 (61.1) 132 (61.4) 1077 (54.8) < 0.001 ** 

Visit to traditional healer before reporting to 
health center n (% of total by referring system) 

233 (58.8) 153 (29.4) 25 (78.1) 235 (54.3) 204 (55.4) 105 (48.8) 955 (48.6) < 0.001 ** 

Total number (= 1965) 396 (20.2) 521 (26.5) 32 (1.6) 433 (22) 368 (18.7) 215 (10.9) 1965 (100)  

*Kruskal-Wallis Test (comparing median between authors of reference), ** Chi-square, Pearson 
 

 

	  

Ethics
The provisional national ethical review board of the Ministry of Health Benin, nr IRB00006860, 
approved the study protocol. All data analyzed were anonymized. For the picture included in this 
manuscript, written and verbal informed consent were obtained from all participants aged 15 
years or older and legal representatives of participants younger than 15 years old.

Results
In the study period, 1965 patients reported to one of the BU treating centers in Benin. The basic 
characteristics of the BU patients are presented in Table 1. Out of the 1965 individuals that 
presented to the health centers with BU, community health volunteers referred 521 (26.5%), 
former patients referred 433 (22.0%), health workers referred 396 (20.2%), and family members 
368 (18.7%). Only 215 (10.9%) BU patients reported themselves. Teachers referred 32 patients 
(1.6%) with a median age of 29, reflecting their role in the community outside their own school 
with young children.

Table 1. Characteristics of participants related to Referral system

The percentage of patients that presented in an early stage of disease (category 1 or 2) statistically 
differed among the different referring systems (p < 0.001). Patients referred by the community 
health volunteers most frequently presented with an early lesion (68.1%), followed by patients 
referred by family members and self-reporting patients (both 61%).  Patients referred by a family 
member or self-reporting patients (8 weeks for both) had less delay compared to patients referred 
by the other actors (higher than or equal to 12 weeks). The number of patients presenting with 
functional limitations as well as the number of patients that visited traditional healers was 
lowest in patients referred by community health volunteers. Less than a third of patients (29.4%) 
consulted traditional healers among patients referred by the community health volunteers. The 
referral pattern also differed per center (Table 2). 
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Table 2. Referral system and health center 
 Total number 

of patients  
Health 
worker 

Community 
health 
volunteers 

Teachers Former 
patient 

Family 
members 

Self reported  Category 1 
and 2 lesions 

P-value 

CDTUB A n (%) 441 (22.4) 58  (13.2) 343 (77.8)  0   8 (1.8) 19  (4.3) 13  (2.9) 313 (71.0) < 0.001 ** 

CDTUB B n (%) 425 (21.6) 62 (14.6)  95 (22.4)  10 (2.4) 40 (9.4) 141 (33.2)  77 (18.1) 283 (66.6) < 0.001 ** 

CDTUB C n (%) 481  (24.5) 64 (13.3)  62 (12.9)  15 (3.1) 14  (2.9) 208  (43.2)  118 (24.5) 276 (57.4) < 0.001 ** 

CDTUB D n (%) 618 (31.5) 212 (34.3)  21 (3.4)  7 (1.1)  371 (60) 0   7 (1.1) 205 (33.2) < 0.001 ** 

TOTAL     n (%) 1965 (100) 396 (20.2)  521 (26.5)  32 (1.6)  433  (22) 368 (18.7)  215  (10.9) 1077 (54.8) < 0.001 ** 

** Chi-square, Pearson or Fisher as appropriate. 
	  

Table 3. Logistic regression model assessing the referral system and severe lesion (category 3) at 
admission 

 
* OR = odds ratio;  
** Referred system as dummy variable, compared with health care workers 

 
	  

    95% C.I. 
 B P-value OR* (crude) Lower Upper 
Health care worker   1   

Community health volunteers** 
 

-0.84 <0.001 0.43 0.33 0.57 

Teacher** -0.46 0.22 0.63 0.30 1.31 

Self reported** -0.55 0.002 0.58 0.41 0.81 

Family member** -0.53 <0.001 0.59 0.44 0.78 

Former patient** 0.49 0.001 1.64 1.24 2.16 

Table 2. Referral system and health center

In CDTUB A the majority of patients (77.8%) were referred by the community health volunteers, 
whereas in CDTUB D the majority of patients (60.0%) were referred by a former patient. In CDTUB 
C and B, most patients were referred by family members, the community health volunteers or 
they reported themselves.

The percentages of patients reporting in an early stage of disease (category 1 or 2 lesions) 
differed among the centers. The role of the different referral systems and the stage of disease at 
presentation in the hospital in these different groups is shown in Table 3. 

Table 3. Logistic regression model assessing the referral system and severe lesion (category 3) at admission

In this model without any confounder or interaction included, referral by a community health 
volunteer protects against presentation of late stage of the disease (category 3), with an 
Odds ratio of 0.43. compared to referral by a health care worker. Table 4 shows the results of 
the statistical model with treatment center and age included as confounder. After correction 
by treatment center, the referral system does not have any statistically significant effect on the 
presentation of advanced stage lesions (category 3). The only statistically significant effects in 
the model are the high Odds ratios for presentation of advanced stage lesions in treatment 
centers C and D compared to treatment center A. Sex of the patient was not a confounder in the 
model. To obtain a workable model to control for interactions between the referral system and 
the treatment center, we simplified the referral system to community health volunteers versus 
the other referring systems. This did not reveal statistically significant interactions between the 

Contribution of the community health volunteers in the control of Buruli ulcer in Benin

501598-bw-deZeeuw.indd   103 05-01-16   14:30



501598-L-bw-deZeeuw501598-L-bw-deZeeuw501598-L-bw-deZeeuw501598-L-bw-deZeeuw

 104  

Table 4. Logistic regression model assessing the referral system with treatment centers and age as 
confounders and severe lesion (category 3) as outcome 
 
    95% C.I. 

Variables analyzed B P-value OR* 
(adjusted) 

Lower Upper 

Health care worker   1   

Community health volunteers** -0.14 0.421 0.87 0.62 1.22 

Teacher** -0.28 0.481 0.76 0.35 1.64 

Self reported** -0.21 0.294 0.81 0.55 1.20 

Family member** 0.03 0.850 1.03 0.73 1.46 

Former patient** 0.05 0.774 1.05 0.77 1.42 

CDTUB A   1   

CDTUB B 0.10 0.551 1.11 0.79 1.55 

CDTUB C 0.51 0.004 1.66 1.18 2.33 

CDTUB D 1.37 <0.001 3.94 2.70 5.75 

age (years) 0.01 <0.001 1.01 1.01 1.02 

* OR = odds ratio; CI = confidence interval 
** Referred system as dummy variable, compared with health care worke

treatment center and the referral system. Early presentation can be defined as category 1 lesions 
only. In a post hoc analysis, this alternative definition of early disease (i.e., only category 1 lesions 
classify as early disease presentation) showed similar results as the model presented in Table 3; 
after adjustment for the treatment center, there was no influence of the referral system on the 
disease stage patients presented to the health center. 

Table 4. Logistic regression model assessing the referral system with treatment centers and age as 
confounders and severe lesion (category 3) as outcome

PCR positivity per referral system and per health center is shown in Table 5. In total, 644 of 910 
patients with a sample available (70.8%) were confirmed by PCR and the percentage of confirmed 
patients differed among the different referral systems (p < 0.001). In all, the community health 
volunteers referred 63.6% of the patients with a confirmed diagnosis of Buruli ulcer. Of these 
patients 14.2% presented with a category 1 lesion and 49.4% presented with category 2 or 
category 3 lesions.

The percentage of confirmed patients referred was different between centers: only in CDTUB C 
did the percentage of confirmed patients differ significantly by referral systems (p = 0.004). In 
the total group, patients referred by the family members are most frequently confirmed by PCR 
(92.1%); patients referred by former patients are less frequently confirmed by PCR (57.8%). 
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Table 5. Referral system related PCR and health center 
 
PCR  + Health worker Community 

health volunteers 
Teachers Former patient Family members Self reported  Total P-value 

CDTUB A 13/20 (65%) 175/277 (63.2%) N.A. 2/2 (100%) 5/10 (50%) 5/8  (100%) 200/314 (63.7%) 0.303* 

CDTUB B 10/22 (45.5%) 5/15 (33.3%) 2/4 (50%) 3/17 (17.6%) 14/33 (42.4%) 5/21  (23.8%) 39/112 (34.8%) 0.338* 

CDTUB C 46/56 (82.1%) 37/50 (74%) 10/11 (90.9%) 12/12 (100%) 174/189  (92.1%) 86/107  (80.4%) 365/425 (85.9%) 0.004 * 

CDTUB D 16/21 (76.2%) 3 /4 (75%) N.A. 20/33 (60.6%) N.A. 1/1 (100%) 40/59 (67.8%) 0.566 * 

TOTAL 85/119 (71.4%) 220/346 (63.6%) 12/15 (80.9%) 37/64 (57.8%) 193/232 (83.2%) 97/134 (72.4%) 644/910 (70.8%) < 0.001 * 

* Chi-square, Pearson or Fisher as appropriate. N.A. – not applicable 
 
 
 
 

 

	  

	  

Table 5. Referral system related PCR and health center

Discussion
This is the first study addressing the role of community health volunteers in the control of BU in 
Benin. Few studies address the role of community health volunteers BU detection worldwide [18,27].

The data analyzed in this study were collected in the Centers of detection and Treatment of BU 
(CDTUB in Benin). Health workers were trained to fill the BU 01 form. These forms developed by the 
WHO have proven to be beneficial to both patient care and control by the national program [28,29]. 

About a quarter of the patients were referred to the hospital by the community health volunteers. 
This shows that they play a major role in the control of BU. Our results confirm the impact of 
community health volunteers on the control of BU. The use of community health workers for 
BU control in countries other than Benin has been suggested [27] and also discussed in a review 
based on sparsely available data on their performance and training [18]. Apart from the community 
health volunteers, teachers, family members, and former patients also proved to be crucial in the 
referral system. The methods used by the community health volunteers for case detection are 
active case finding and education (Figure 3). 

Figure 3. Community health volunteer in action.
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In data compiled from all centers, community health volunteers were more successful in getting 
patients to the health center in an early stage of disease than other referral sources.  However, when 
health center specific data was analyzed, this effect could not be seen anymore.  This suggests 
that the quality and/or training of community health volunteers are not uniform throughout the 
area. Barriers in the early presentation by community health volunteers (e.g. logistics) could also 
be different throughout the area. Visible functional limitations at the start of treatment were lower 
in patients referred by community health volunteers and patients referred by these volunteers 
less frequently visited a traditional healer than were patients in other referral groups. Earlier 
studies have shown that the therapeutic itinerary of patients goes through traditional healers 
before finally reporting to BU treatment centers [7,15,30–34]. In Benin, visiting a traditional healer is 
very common and this contributes to the patient delay in obtaining adequate treatment [7,32]. 
These findings made us hypothesize that patients referred by the community health volunteers 
without a visit to the traditional healer may have saved money and also are likely to present to 
obtain treatment from the health center earlier. From the current study it cannot be concluded 
how to prioritize limited means to support referral. It is not known what would be more cost 
effective, e.g. to increase the number of community health volunteers or to expand training 
activities to enforce early case detection. At least, the results show that in a health system with 
limited human resources, continuous efforts to support the community health volunteers are 
important. In Benin, different Non-governmental organizations (NGOs) support the PNLLUB 
to organize the training to the community health volunteers. An earlier study highlighted the 
role of the NGOs in such training [18]. The BU program organizes at least three times per year 
training for the volunteers, mainly focusing on the disease symptoms at the earlier stage. Some 
incentives such as t-shirts are given to the community health volunteers as motivation. They also 
get transport costs for case detection and are reimbursed for the transport. Sometimes, bikes 
or motorbikes are offered to improve mobility of the community health volunteers who report 
many patients. It is unknown whether compensation based on performance, e.g. per reported 
BU patient indeed leads to referral of more patients in an early stage of disease. The effect of such 
intervention of course varies per setting [35]. In some circumstances community health volunteers 
may have a negative impact on the health system; in Benin some community health volunteers 
are known to have asked money from patients or to have made medical decisions they are not 
qualified to make.  In the BU health system, this negative impact is limited because the community 
health workers are recruited from the best community health workers that were earlier involved 
in the control of dracunculiasis where they were also supervised regularly. There is considerable 
heterogeneity between health systems. After adjustment for treatment center in the statistical 
model, no effect of the referral system on the early presentation was found. Especially in one 
health center a high percentage of patients (66.8%) reported at an advanced disease stage. A 
significant factor here may be that this is the only center without decentralization of care. Earlier 
studies demonstrate the importance of spatial access to health care in developing countries [36,37]. 
Other explanations could be a difference in help seeking behavior of patients or a difference in 
the quality or frequency of community education activities. Apart from the community health 
volunteers, the family member and the former patients played important roles in referring 
patients. Slightly more than 40% of patients were referred by these informally trained community 
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members (22% by former patients and 18.7% by family members). This high number of referrals 
from family members and former patients may be an effect of the education patients receive 
during their stay in the hospital and the community education which is conducted as part of the 
national program.  We therefore imagine that it could be useful to actively invite former patients 
and their family members to become community health workers by enforcing their role with 
continuing education and financial compensation of travel expenses. We would not be inclined 
to prioritize the training to the traditional healers at this point in time. We tried earlier to expand 
the health promotion to some of the traditional healers. However, some of the trained traditional 
healers started performing BU excisions at home with inadvertent effects such as hemorrhage. As 
a result we abandoned this program. 
In Benin, patients are treated on the basis of clinical diagnostic suspicion, according to WHO 
recommendations [9]. Furthermore, an effort is made to confirm cases by molecular methods 
using PCR. Indeed, about 70 % of patients started on treatment had PCR-confirmed BU. Center 
C has the highest number of PCR-confirmed patients and had more power to detect statistically 
significant differences between referral systems. The PCR positivity rate among patients referred 
by the community health volunteers is not systematically lower than in patients referred by 
other systems. This suggests that for the medical doctor the clinical case mix presented by the 
community health volunteer is similar to the patients presented by the other referral systems. 
The odds ratios used in the logistic regression are used to be able to adjust for treatment center 
but cannot be translated to relative risk ratios due to the high frequency of the outcome (late 
presentation).  Other limitations are the lack of adequate assessment of functional limitation at 
the end of treatment and limitations due to retrospective design of the study. The Buruli Ulcer 
Functional Limitation Scale (BUFLS) [38,39] could be included in the national program to easily assess 
this outcome measurement. To conclude, the study findings indicate that community health 
volunteers are an important link in the control of BU in Benin. Future studies should address the 
most effective way to improve early case detection by interventions such as training, increase in 
the numbers of volunteers or development of a system with financial compensation based on 
performance in early case detection. 
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This chapter provides concise findings of the results of this thesis 
along with a discussion, the implications of the findings and future areas to study. 

General discussion and future perspectives

9
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General discussion and future perspectives

Pain in Buruli ulcer
Buruli ulcer (BU) has always been described as a relatively painless condition. Mycolactone is 
considered to cause analgesia in BU [1, 2]. In contrast, some recent studies reported that patients 
with ulcers experienced pain [3-5] and clinical observations revealed pain during wound care 
dressings. Our study described in chapter 2 confirms these findings as we found that almost 30% 
of the BU patients experience severe pain during wound care dressings as measured with the 
Wong-Baker Faces Pain Rating Scale (WBS) [6]. To capture a broad picture of pain in BU, interviews 
were conducted with health care professionals elucidating pain perceptions and current pain 
practices. In addition medical records of BU patients were reviewed retrospectively to explore 
the prescription of pain medication. The results of this study are set out in chapter 3. Health care 
professionals reported that advanced BU stages are painful and that pain increases as a result 
of wound care dressings, or after a skin graft at the donor site. Furthermore they indicated that 
paying attention to mild pain is not part of daily practice, in the rural African socio-cultural 
context. Other studies conducted in Africa have elaborated on cultural expectations and norms 
influencing reports of, and acceptance of pain and described several cultural factors that can 
impede pain management. In various African contexts, it may be a cultural imperative to avoid 
admitting physical pain by rather showing a stoic reaction, and therefore patients might be 
less likely to express pain as this implies weakness; indeed, pain is considered a private matter 
and silent suffering is encouraged [7-11]. Reasons for so little attention to BU related pain by the 
international community might be that the focus has been on understanding transmission, 
diagnostics, and medical treatment of BU, since the Yamoussoukro declaration [12]. This contrasts 
with a steady flow of research papers, addressing other aspects of the socio-cultural context like 
stigma, fear and health seeking behavior concerning BU [13-17]. The findings in this thesis on BU-
related pain emphasize the need for regular assessment and adequate treatment of pain and to 
explore patients’ expectations concerning pain and pain relief during medical treatment of BU, 
as professionals indicate that patients expect to be pain-free during hospitalization. Chapter 4 
describes the findings of a multidisciplinary workshop that aimed to discuss pain management 
and develop a pain guide specifically for treatment of pain in BU patients. Although only 
measurements concerning procedural pain have been conducted (chapter 2) those attending 
the workshop discussed that continuous pain due to secondary bacterial infections or paradoxical 
reactions needs adequate assessment and treatment, as described in chapter 4. As the nervous 
systems of BU patients are affected, other types of pain such as chronic pain [18] and neuropathic 
pain in BU patients might deserve attention in future studies. 

To help improve pain management, we propose the following steps to be taken: 
 1. Further development and implementation of the proposed guide to treat pain in BU. 
     The proposed pain guide needs to be tailored at district level and health care level as 
     resources and  personnel are different.   
 2. Training of health care professionals involved in BU care on pain assessment in a standardized 
     fashion using the WBS and clinical judgment and non-pharmaceutical and pharmaceutical  
     ways for pain relief. One aspect deserving careful consideration is cultural values that have
     been shown to play a role in identification and expression of pain. In addition the training 
     should entail an aspect that will focus on the medical hierarchy and that health care    
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     professionals are trained to inform the patients on pharmaceutical and non-pharmaceutical 
     options to relieve pain. A patient  may be reluctant to ask for pain medication, as it is 
     frequently  believed that a healthcare professional would know when that is necessary.   
 3. Development of a culturally sensitive e-learning program on the physiology of pain, 
     pain assessment and treatment, which can be consulted by health care professionals 
     for background  information.  
 
As a next step a study should explore the efficiency and efficacy of the pain guide applying 
a monitoring and evaluation study, commonly used for implementation projects [19]. Yet the 
treatment of pain remains a complex issue due to the interplay between cultural, religious, political, 
educational, and logistical factors.The main struggles concern the accessibility, availability and 
affordability of pain medication. Children residing in African countries hardly receive morphine to 
relieve their severe pain [20] and the mean opioid consumption in Africa (about 1.0 mg/per capita) 
is far below the European average (125 mg/capita) [21]. Pain management is a universal human 
right [22] and might reduce BU related disabilities, and governments, pharmaceutical companies 
and policy makers should take action to achieve access to pain medication. 
 
Neopterin is of limited value to detect paradoxical reactions
Paradoxical reactions are common among patients medically treated for BU; these exaggerated 
inflammatory responses may easily be misinterpreted as treatment failure. Clearly, new tools to 
help clinicians differentiate treatment failure from a paradoxical reaction would be an enormous 
asset. Neopterin showed promise in detecting paradoxical reactions in leprosy patients [23, 24]. 
Nevertheless, chapter 5 provides the findings that in BU serum levels of neopterin were similar for 
BU patients with or without paradoxical responses. It can be concluded that the determination 
of serum levels of neopterin are not helpful to detect paradoxical responses. The potential 
importance of mycolactone in BU disease detection and monitoring has been highlighted [25], 
and future studies should investigate mycolactone levels along with paradoxical reactions. One 
problem is that systemic concentrations of mycolactone are extremely small [26], and sampling 
from lesions might be difficult to interpret because of the potential of sampling error [25]. The 
best way would be a marker to measure mycolactone production as the mycolactone product 
has a substantial half-life. Another option could be to examine excised tissue of the lesion for 
the presence of live Mycobacterium ulcerans [27, 28] to differentiate treatment failure or paradoxical 
response. Culture - though perhaps somehow the gold standard for detection of the presence 
of live bacilli - is flawed by its low sensitivity. On the other hand, there is anecdotal evidence that 
live bacilli have been cultured from lesions that nonetheless went on to heal subsequently [29]. The 
quest should therefore perhaps be to find a marker – e.g., RNA expression array [30] - indicating the 
presence or absence of ongoing enzyme activity indicating mycolactone production. 
 
Participation restrictions 
In chapter 6, we present the participation restrictions among former BU patients. Almost 50% 
of the former BU patients residing in endemic areas in Ghana and Benin indicate that they 
experienced social participation restrictions. Across both countries especially the employment 
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related restrictions were common. Restrictions perceived in other domains such as community, 
social and civic life and communication are different between the two countries. Different 
cultural values might shape views on aspects of participation restrictions and the impact in daily 
life that might explain differences across study sites.  Previous disability studies mainly addressed 
physical disabilities such as contractures, deformities, and functional limitations [31-35] and only 
few studies have touched upon aspects of participation restrictions [14, 15, 35, 36]. The results in this 
thesis show that former BU patients experience physical and social disabilities e.g. functional 
limitations and participation restrictions.  Moreover the results indicate that a clear-cut correlation 
between physical disabilities and social disabilities does not exist. Indeed, patients experiencing 
participation restrictions may not encounter functional problems, and vice versa. In order to pay 
attention to participation restrictions, researchers, health professionals, policy makers and other 
stakeholders involved in BU are challenged to go beyond clinical and physical approaches in 
patient care or scientific studies and include outcomes on the participation level. This is also 
advocated by the World Health Organization (WHO); indeed one should look at disabilities using 
a biopsychosocial perspective [37, 38]. Routinely assessing participation restrictions is one of the 
ways to advance attention on the participation level as can be recommended by the National 
Programs. Furthermore we encourage other researchers to assess participation restrictions in 
either experimental or observational studies, as data collection will shed light on the scope of 
the problems.  
 
The Participation Scale is a practical tool initially developed for use in developing countries 
to assess participation restrictions [39]. Chapter 7 presents the measurement properties of the 
Participation Scale among former BU patients in Ghana and Benin. At this point in time, due to 
limitations in studies conducted, we advise to solely use the Participation Scale to gain insights in 
the scope of participation problems. Future studies should investigate other aspects of reliability 
and responsiveness of the Participation Scale for the use of individual evaluation. Thus far, one 
aspect of cross-cultural validation could not be established as we had small sample sizes. In the 
future, a factor analysis can explain on measurement invariance between the original version 
and the translated version [40]. Furthermore, the Participation Scale was validated for patients with 
disabilities at least 15 years of age [39]. Another important focus of research should be to develop 
and validate a suitable instrument to assess participation restrictions among children as BU mainly 
affects children below age 15 [41].
 
To prevent functional limitations following BU, Prevention of Disability rehabilitation programs 
[42, 43] specifically for individuals affected with BU have been developed. This current program 
predominantly entails measures to prevent physical disabilities such as wound management, 
positioning of the limb and passive or active mobilization and entails solely one module concerning 
social and psychosocial considerations. In order to understand the current efficiency an essential 
future step would be a monitoring and evaluation study on this program both at district level 
and at health care facility level [19]. This would not only help in evaluating the current program, 
but also in comparing programs across different BU treatment centers. It might be possible 
that combating persisting participation restrictions demands intensified tailored activities, 
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especially concerning work related aspects starting already in the hospital for those affected 
by BU.  For hospitalized patients physiotherapists should pay attention to employment-related 
activities and address skills and activities related to employment. Support groups have been 
recommended [42]; social workers or former patients can support these volunteers. Social workers 
have been educated to address aspects of participation restrictions and former BU patients can 
share experiences to trigger discussions and solutions. During these sessions professionals are 
encouraged to listen carefully to concerns patients are faced with, as individual situations will 
vary greatly. Social workers and former BU patients can support patients to overcome hesitation 
and embarrassment to find paid employment or to pick up their previous employment activities. 
In addition they can support and encourage children (and their parents) to enter school and to 
join other children of their own age [42]. Community based rehabilitation programs have been 
developed in the 1970s and are being promoted as a strategy to provide rehabilitation measures 
using local resources at community level to ensure services can be reached by people with 
disabilities. These promising programs are advocated by the WHO and aim to reduce poverty 
and promote equal opportunities and social inclusion of people with disabilities [44]. Home-
based training targeted at reducing disabilities among persons with disabilities have described 
an increase in independence, mobility, communication skills and social integration in low- and 
middle income countries [45] and rehabilitation measures have been proven to assist people 
experiencing disabilities with returning to work, including adjusting daily work activities or work 
schemes [44]. To target disabilities among former BU patients such programs can be developed 
and implemented guided by a participatory approach involving important stakeholders to 
overcome cultural variation in perceptions of disabilities and to empower various stakeholders. 
For such programs, we can learn from a previous study that reported on community-based 
rehabilitation in Ghana and Benin. This study indicated that complementarities across national, 
intermediate and community level are required for successful community response [46]. It is also 
notable that concerns on community-based rehabilitation exist as the influence of traditional 
local beliefs on causes of disabilities might hinder implementation [47]. The development and 
implementation of a community based rehabilitation program can be guided by impact studies 
that will unravel evidence concerning effectiveness of community based rehabilitation deserving 
further exploration [45, 48, 49]. 
 
Community health volunteers in early case detection
Over the past years the contribution of community health volunteers in control of infectious 
diseases has been acknowledged. In BU control the contribution of community health volunteers 
seems promising [50-52].  In chapter 8 we describe the role of community health volunteers in BU 
control. Out of the 1965 individuals that presented to the health centers with BU, community 
health volunteers referred 521 (26.5%). Referral by a community health volunteer shows to protect 
against presentation at a late, advanced stage of the disease (Odds ratio of 0.43) as compared 
to referral by a health care worker. However this effect disappears when the treatment center 
is added to the model. This effect may be explained by differences across centers concerning 
decentralization of care. 
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The results in chapter 2 and chapter 6, showing less pain and less participation restrictions among 
patients with smaller lesions highlight the significance of early case detection to reduce disease 
burden. In chapter 8, we describe patients referred by the community health volunteers most 
frequently presented with an early lesion (68.1%).  For the first years to come, an essential area of 
research is to unravel more effective strategies to detect patients with early lesions. Apart from 
simply increasing the number of community health volunteers, former patients or teachers might 
be an alternative approach [50], while on the other hand using mobile (smart phone) devices 
can be a helpful tool to assist in early case detection [53]. Another area of further exploration is 
the inconsistency concerning training approaches of community health volunteers. Insights 
in effective training methods can assist in the development of essential components of health 
education for community health volunteers, but also for former patients and teachers [50]. The 
effectiveness of early case detection can be evaluated by a cost-effectiveness analysis, which can 
help in decision making for policy makers. The endpoints of this analysis should be the proportion 
of patients presenting with early lesions, with functional limitations and participation restrictions, 
and the direct and indirect costs per patient. 
Delay in seeking medical care remains attributed to social and economic reasons and remains one 
of the major problems in BU control [17]. The results of this thesis show higher pain scores among 
patients with larger lesions during wound dressings along with more participation restrictions 
among former BU patients. Thus patients that delay due to social and economic reasons only 
further aggravate their disease burden. The key focus of researchers, National Programs, policy 
makers and other stakeholders should be to optimize early case detection as this clearly is the 
single most important factor to reduce the psychosocial impact. 
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Summary
Buruli ulcer (BU), caused by infection with Mycobacterium ulcerans, is endemic in West Africa. BU 
has been considered by many to be a largely painless condition. Furthermore, treatment was 
thought to be successful once the wound was closed. In chapter 1 a brief introduction into the 
history of BU along with the epidemiology, treatment and control strategies is provided, including 
the rationale and outline of this thesis. 
 
Although BU has been described as a largely painless condition in literature, the wound care 
dressings seemed to be painful for patients. Changes of the dressing of wounds are a critical 
component of BU treatment, and ineffective, painful, treatment may contribute to delayed 
healing. In chapter 2, we assessed pain for 2 consecutive weeks using the Wong-Baker Faces Pain 
Rating Scale (WBS) among hospitalized patients aged ≥ 5 years of age, before, during and after 
wound dressing changes. The WBS is a one-item horizontal scale of 6 hand-drawn faces, scored 
from 0 to 10, ranging from a smiling “no pain” face on the left to a crying “worst pain” face on the 
right. The results of this study show that the pain scores during wound dressing changes are in 
the lower range (median = 2, CV = 1) and decline over time to low scores after the procedure. 
Notably, we found that almost 30 % of the patients indicate severe pain scores and that only one 
patient received pain medication. Pain during wound care treatment is therefore common and 
seems undertreated. 
 
To capture a broad picture on pain related to BU we explored current pain practices in BU 
treatment centers as described in chapter 3. Eleven health care professionals involved in BU 
treatment working in two different specialized BU treatment centers in Ghana were interviewed. 
A semi-structured interview was chosen to zoom in on individual perceptions on pain, assessment 
of pain and actions and strategies taken to relieve pain. Furthermore, medical records of patients 
treated for BU between 2008 and 2012 were reviewed on prescribed pain medication. According 
to health care professionals, BU is painful in more advanced stages of the disease. They said pain 
is predominantly increasing due to wound care procedures including physiotherapy and after a 
skin graft at the donor site. Concerning the assessment of pain, they indicated a lack of training 
to assess mild pain. Additionally, health care professionals perceived pain recognition as difficult 
as they mentioned that patients might suppress or exaggerate pain, and that patients have 
different expectations regarding acceptable pain levels. With respect to pain medication, health 
care professionals report a fear of side effects of pain medication. In addition to this, they have 
problems with shortage or irregularities in supply of pain medication. The health care professionals 
also indicate that medical doctors have limited time for pain management. In the majority of the 
medical records included, pain medication is prescribed. Often simple analgesics are prescribed 
for several indications, but frequently the indication for the prescription of pain medication is not 
documented. In conclusion, health care professionals confirmed BU to be painful and to have 
problems in both the identification and the treatment of pain. 

In order to share experiences and knowledge on pain and to discuss future steps in pain 
management, a two-day multidisciplinary interactive workshop was held in Agogo Presbyterian 
hospital. Health care professionals from multiple disciplines from Ghana and Benin attended 
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the workshop. In chapter 4 we give an overview of the current problems in pain management 
as discussed during the workshop and we describe the pain guide as developed during the 
workshop to improve pain management. The proposed pain guide entails pain assessment by 
the WBS and clinical judgment, and non-pharmaceutical and pharmaceutical options to relieve 
pain either suitable at district level or at village health care level.  
 
Many studies in the early days of treatment evaluation may not have appreciated the possibility 
that a paradoxical increase in inflammation, rather than ongoing infection, was the explanation of 
some BU lesions to transiently increase in size. Both for clinicians and patients, this increase of the 
lesion due to an effective treatment is very confusing. Therefore it would be helpful if physicians 
had a test to differentiate treatment failure from a paradoxical reaction. In chapter 5, we evaluated 
the potential value of neopterin as a biomarker and a tool to discriminate paradoxical reactions 
from treatment failure. Plasma neopterin has been shown to be a stable molecule and shed 
into the bloodstream by active granulomatous inflammation. Neopterin levels in patients with 
BU whom had participated in a randomized controlled trial in Ghana were followed over time. 
Only those that finally healed without surgery and within the definitions used in that trial were 
eligible for the current study. In addition, neopterin levels in community controls were compared 
to values of the BU patients at baseline. A paradoxical response was defined as a lesion that was 
larger in week 8 as compared to week 6 for which no intervention was required and healing 
occurred after one year. Neopterin values were found to be elevated in patients as compared 
to community controls. Irrespective of the treatment regimen - streptomycin/rifampicin for 8 
weeks or streptomycin/rifampicin for 4 weeks followed by rifampicin/clarithromycin for 4 weeks 
– there was a slight but insignificant increase in plasma neopterin concentration. Patients with a 
paradoxical response in week 8 did not have different neopterin dynamics over time compared 
to those that did not show paradoxical reactions, and therefore neopterin does not show added 
value regarding the detection of paradoxical reactions.  

Former studies have addressed the importance of rehabilitation, primarily to prevent functional 
limitations. Not only might functional limitations be a consequence of BU, but social problems 
might occur as well, for example because of stigma and/or financial problems. In chapter 6, we 
investigated social participation restrictions in former BU patients residing in endemic areas in 
Ghana and Benin. Former BU patients and healthy community controls aged ≤ 15 years of age were 
enrolled in a cross-sectional study. Questionnaires to elicit socio-demographic aspects, functional 
limitations, stigma and participation restrictions were administrated by native speakers who 
participated in extensive training before data collection to diminish bias. The analysis highlights 
experiences of participation restrictions in almost half of the former BU patients and emphasizes 
restrictions in areas related to employment, both in Ghana and Benin. Participation restrictions 
perceived in other domains such as community, social and civic life and communication are 
different between the two countries. Former BU patients from Benin experienced slightly more 
functional limitations as compared to patients from Ghana, while stigma seems similar across 
both countries. Risk factors for participation restrictions were being female, having larger lesions, 
perceiving stigma and having functional limitations. In brief, we demonstrate participation 
restrictions that are common among former BU patients and persist long after healing.
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To measure these participation restrictions, we first had to check the reliability and validity of the 
tool- the tool was originally designed for other patient categories and used in other geographical 
regions. In chapter 7, we investigate the discriminative potential, floor and ceiling effects, 
internal consistency, inter-item correlation, item-total correlation and construct validity of the 
Participation Scale that was selected to assess participation restrictions. Former BU patients, 
their relatives and healthy community controls aged ≤ 15 years of age were included. They were 
interviewed using questionnaires on socio-demographic aspects, functional limitations, stigma 
and participation restrictions. The Participation Scale displays good discrimination between 
former BU patients and healthy community controls. No floor and ceiling effects were found and 
the internal consistency (Cronbach’s alpha) was 0.88. In Ghana, a mean inter-item correlation of 
0.29 was found and the  item-total correlations ranged from 0.10 to 0.69 while in Benin a mean 
inter-item correlation of 0.28 was reported with item-total correlations ranging from -0.08 to 0.79. 
With respect to construct validity, 4 out of 6 hypotheses were not rejected. Although correlations 
between various constructs did differ between countries. The results indicate the Participation 
Scale has acceptable psychometric properties.

The World Health Organization (WHO) recommends early case detection using active case 
finding and education including early treatment for BU control. The role of community health 
volunteers in early case detection seems promising but the contribution of various actors and 
their influence on the stage of disease at presentation remains unclear. The role of different actors 
in the referral system of BU patients is described in chapter 8. The WHO implemented standard 
forms to include patients in the BU programs and we retrieved the information from patients who 
presented between 2008 and 2010 to one of the four BU centers in Benin. These forms include 
information on general characteristics of the patients, aspects of BU, treatment, diagnostic results 
and the referral system. A functional limitation was visually assessed, and an early lesion was 
defined as a lesion category I or II lesion. The results show that community health volunteers and 
former patients refer the majority of the patients. Community health volunteers most frequently 
send patients with an early lesion (68.1%), including a lower number of patients with functional 
limitations. When looking per center, differences were seen regarding the referral pattern and the 
percentage of patients presenting with early lesions. Patients that were referred by a community 
health volunteer were 0.43 odds (crude) less likely to present with a larger lesion as compared 
to patients referred by a health volunteer. Nevertheless, when adding treatment center and age 
to the model this effect could not be found anymore. These results show that the community 
health volunteers play an important role in referring BU patients. In any program targeting early 
case detection, these volunteers, but also former patients and teachers, are expected to play a 
pivotal role.
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The findings of this thesis raise attention to other aspects of the treatment of BU. Clinical trials 
concentrate on the rate of healing and risk of recurrences. Meanwhile, pain and persisting 
problems to function in the community are experienced. Care for BU patients should include 
awareness for pain and participation restrictions. This makes interventions such as physical 
therapy more successful. In addition to this, it can change patients’ views on the disease and may 
stimulate early case detection.  
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Nederlandse samenvatting
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Nederlandse samenvatting

Samenvatting
Buruli ulcus (BU) is een huidaandoening die wordt veroorzaakt door infectie met Mycobacterium 
ulcerans. Kenmerkend voor BU zijn zweren met ondermijnde randen. Mensen met BU vindt men 
voornamelijk in West-Afrika en veel BU patiënten zoeken in een laat stadium van de ziekte medische 
hulp. De behandeling bestaat uit acht weken antibiotica, wondverzorging en fysiotherapie en 
indien noodzakelijk wordt de zweer chirurgisch ingesneden of vindt er een huidtranslatie plaatst. 
BU werd in eerder onderzoek altijd beschreven als een pijnloze aandoening en het resultaat van 
de behandeling werd afgemeten aan de kenmerken van de wond. 

In hoofdstuk 1 wordt een introductie over BU gegeven. Verder wordt hierin de rationele en de 
inhoud van dit proefschrift beschreven.  

Ondanks dat BU in de literatuur altijd is beschreven als een pijnloze aandoening leek de 
wondverzorging wel degelijk pijnlijk te kunnen zijn wat kan leiden een vertraagde wondgenezing. 
Daarom is in hoofdstuk 2 pijn tijdens de wondverzorging onderzocht. Dit onderzoek werd 
verricht bij BU patiënten met een leeftijd vanaf 5 jaar. Pijn werd in kaart gebracht voor, tijdens en 
na de wondverzorging gedurende twee opeenvolgende weken. De pijn is gemeten met behulp 
van een gezichtjesschaal, waarbij de patiënt is gevraagd om een gezichtje aan te wijzen dat 
toepasselijk is voor de pijn die wordt ervaren. De gezichtjes variëren van ‘geen pijn’ (score 0) tot 
‘ondraaglijke pijn’ (score 10). De pijnscores van de BU patiënten tijdens de wondverzorging liggen 
in de lagere range (Mediaan =  2, CV = 1) en verminderen na de procedure. Voor bijna 30% van de 
patiënten bleek de wondverzorging echter zeer pijnlijk, terwijl slechts één patiënt pijnmedicatie 
kreeg voorgeschreven. Uit deze studie blijkt dat de wondverzorging van BU wel degelijk pijnlijk is 
en dat pijn onvoldoende behandeld wordt. 

Om een completer beeld van pijn gerelateerd aan BU te verkrijgen, is in hoofdstuk 3 het 
huidige beleid ten aanzien van pijn onderzocht. Elf gezondheidsmedewerkers, werkzaam in 
gespecialiseerde BU ziekenhuizen uit Ghana zijn geïnterviewd over hun ideeën over pijn en de 
manier waarop ze pijn identificeren en behandelen. Daarnaast zijn patiëntendossiers geïnspecteerd 
op voorgeschreven pijnmedicatie. Uit deze data blijkt dat BU in een later stadium pijnlijk kan 
zijn en dit kan toenemen door de wondverzorging, fysiotherapie en een huidtransplantatie. 
Gezondheidspersoneel geeft aan dat ze niet getraind zijn in het identificeren van milde vormen 
van pijn. Verder vinden zij het herkennen van pijn lastig omdat patiënten hun pijn kunnen 
onderdrukken of overdrijven, en omdat patiënten een andere verwachting hebben over de mate 
van de pijn. Het gezondheids personeel vreest de bijwerkingen van pijnmedicatie en bovendien 
is er frequent een gebrek aan pijnmedicatie of zijn er problemen met de toevoer hiervan. Volgens 
de gezondheids medewerkers hebben artsen weinig tijd voor pijnmanagement. Uit de dossiers 
blijkt dat voornamelijk pijnmedicatie wordt voorgeschreven om milde pijn te behandelen, zoals 
paracetamol. Frequent wordt een indicatie van de pijn niet opschreven. Concluderend is BU 
volgens gezondheidspersoneel een aandoening die gepaard kan gaan met pijn, waarvan zij 
vinden dat de identificatie en behandeling van pijn om een adequate aanpak vraagt. 
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Om kennis en ervaring omtrent deze pijn te delen en te komen tot een eenduidige aanpak is er een 
workshop georganiseerd in Ghana. De workshop duurde twee dagen en had een multidisciplinair 
karakter; gezondheidsmedewerkers uit Ghana en Benin werkzaam in verschillende disciplines 
waren aanwezig. In hoofdstuk 4 wordt er een overzicht gegeven van de huidige problemen 
met betrekking tot de identificatie en behandeling van pijn. Tevens wordt de richtlijn die is 
ontwikkeld tijdens de workshop beschreven. Deze richtlijn bevat informatie over het meten van 
pijn en de behandeling van pijn bij BU patiënten. De richtlijn is verschillend voor ziekenhuizen en 
gezondheidscentra. 

Tijdens de behandeling van BU kan er een paradoxale reactie optreden. Dit betekent dat er tijdens 
de behandeling een paradoxale versterkte immunologische reactie kan ontstaan waardoor de 
ulcus groter wordt. Artsen kunnen een paradoxale reactie echter interpreteren als falen van de 
behandeling. Om onderscheid te kunnen maken tussen het falen van de behandeling en een 
paradoxale reactie is een test noodzakelijk. In hoofdstuk 5 is de potentiële waarde van neopterin 
als biomarker voor een paradoxale reactie bestudeerd. Plasma neopterin is een stabiele molecule 
en wordt afgegeven in de bloedbaan bij actieve granulomateuze ontsteking. Van patiënten 
die hebben deelgenomen aan een gerandomiseerde trial in Ghana is bloed afgenomen voor 
en na de antibioticabehandeling. Tevens is er bloed afgenomen bij gezonde controles. Een 
paradoxale reactie is gedefinieerd als een ulcus dat groter is in week acht in verhouding tot 
week zes, waarbij er geen interventie heeft plaatsgevonden en waarbij er uiteindelijk genezing 
optrad binnen één jaar. Uit de studie blijkt dat de waarden van neopterin concentraties hoger 
zijn bij BU patiënten vóór de antibioticabehandeling dan bij de gezonde controles. Direct na de 
antibioticabehandeling werden hogere neopterin concentraties bij BU patiënten gevonden ten 
opzicht van voor de antibioticabehandeling. Dit verschil was echter niet statistisch significant. 
De neopterin concentraties waren bij BU patiënten met een paradoxale reactie niet statistisch 
significant verschillend ten opzicht van BU patiënten zonder een paradoxale reactie. Daaruit kan 
geconcludeerd worden dat neopterin niet geschikt is om paradoxale reacties te detecteren. 

Ondanks de revalidatie, ontwikkelt ongeveer de helft van de BU patiënten functionele 
beperkingen. Hierdoor kunnen zij bijvoorbeeld werkloos raken. Ook kan de taboe die rondom 
BU hangt mensen uitsluiten van participatie in de maatschappij. In hoofdstuk 6 worden sociale 
participatieproblemen bij BU patiënten in Ghana en Benin beschreven en ook voorspellers hiervan 
gepresenteerd. Voormalige BU patiënten konden deelnemen aan dit cross-sectionele onderzoek 
als ze vijftien jaar of ouder waren. Daarnaast zijn gezonde proefpersonen gevraagd om deel te 
nemen aan de studie. Bij deze deelnemers zijn verschillende vragenlijsten afgenomen om inzicht 
te krijgen in functionele beperkingen, stigma en participatieproblemen. De vragenlijsten zijn 
afgenomen door lokale interviewers die de lokale taal spreken. Uit de resultaten blijkt dat bijna 
de helft van de voormalige BU patiënten sociale participatieproblemen ervaart, voornamelijk op 
werkgebied. Andere domeinen waarin voormalige BU patiënten problemen ervaren verschillen 
voor Ghana en Benin. Er zijn verschillende factoren gevonden die geassocieerd zijn met het 
ontwikkelen van participatieproblemen. Indien BU patiënten een grotere wond hebben gehad 
hebben ze meer kans op het ontwikkelen van participatieproblemen. Dit geldt ook voor het 
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ervaren van meer functionele problemen en stigma. Tot slot hebben vrouwen meer kans op het 
ontwikkelen van participatieproblemen. 

Omdat de Participatie Schaal (een vragenlijst om participatie problemen in kaart te brengen) 
nooit eerder in Ghana en Benin was gebruikt om participatieproblemen te meten, was het 
noodzakelijk om de betrouwbaarheid en validiteit hiervan te onderzoeken. In hoofdstuk 7 
worden discriminatie, ‘floor’en ‘ceiling’ effecten, interne consistentie, inter-item correlatie, item-
totale correlatie, en construct validiteit van de Participatie Schaal onderzocht. Voor deze studie 
werden voormalige BU patiënten, hun familieleden of vrienden en gezonde proefpersonen 
gevraagd om deel te nemen. Hiervoor zijn dezelfde vragenlijsten gebruikt zoals in hoofdstuk 6 
beschreven. Uit de resultaten blijkt dat de Participatie Schaal een goed discriminerend vermogen 
heeft. Er zijn geen ‘floor’en ‘ceiling’ effecten gevonden. De interne consistentie (Cronbach’s alpha) 
is 0.88. In Ghana werd een inter-item correlatie van 0.29 en een item-total correlatie variërend 
van 0.10 tot 0.69 gevonden. In Benin werd een inter-item correlatie van 0.28 en een item-total 
correlatie variërend van-0.08 tot 0.79 gevonden. Met betrekking tot de construct validiteit kan 
worden gezegd dat er vier van de zesvooropgestelde hypotheses niet zijn verworpen. Verder zijn 
de gevonden correlaties tussen diverse constructen verschillend in Ghana en Benin. Concluderend 
heeft de Participatie Schaal acceptabele psychometrische eigenschappen. 

Om BU onder controle te krijgen adviseert de Wereldgezondheidsorganisatie (WHO) om patiënten 
in een vroeg stadium van de aandoening te detecteren en te behandelen. Het detecteren van 
patiënten in een vroeg stadium kan worden gedaan door vrijwilligers in dorpen en hun rol hierin 
lijkt potentie te hebben. In hoofdstuk 8 wordt beschreven wie patiënten naar het ziekenhuis 
verwijst en in welk stadium van de aandoening. De standaardformulieren die zijn ontwikkeld 
door de WHO zijn gebruikt om de medische gegevens van patiënten te verzamelen. Op deze 
formulieren worden algemene gegevens bijgehouden, wordt opgeschreven in welk stadium van 
de aandoening de patiënt zich in het ziekenhuis presenteert en door wie de patiënt is verwezen. 
Verder wordt de behandeling bijgehouden, net als de resultaten van diagnostische testen. 
Verder werd een functionele beperking visueel vastgesteld en werd hetstadium van de ziekte 
afgemeten aan de grootte van de zweer. Informatie is verzameld van BU patiënten die tussen 
2008 en 2010 zijn behandeld in een van de vier ziekenhuizen in Benin. Uit de resultaten van 
deze studie blijkt dat voornamelijk vrijwilligers uit de dorpen of voormalige patiënten mensen 
naar het ziekenhuis verwijzen. De meerderheid van de patiënten die is doorverwezen door een 
vrijwilliger uit de dorpen, presenteerde zich in een vroeg stadium van de ziekte. Tevens had deze 
groep minder vaak een functionele beperking. Het verwijspatroon en percentage patiënten 
in een vroeg stadium verschilde per ziekenhuis. Indien een patiënt werd verwezen door een 
vrijwilliger had de patiënt 0.43 odds (crude) minder kans om zich te presenteren met een grotere 
zweer. Echter, wanneer de variabele ‘ziekenhuis’ aan het model werd toegevoegd dan verdween 
dit effect. Concluderend kunnen we zeggen dat de vrijwilligers een belangrijke bijdrage leveren 
bij het opsporen en verwijzen van patiënten in een vroeg stadium.
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Ineens zit ik achter mijn computer en realiseer ik me dat het dankwoord het enige is wat me 
nog rest te schrijven. Dit gaat gepaard met mooie herinneringen en overpeinzingen over het 
vinden van de juiste woorden die passen bij alle emoties die ik voel bij velen die op verschillende 
manieren hebben bijgedragen aan mijn promotietraject.
 
Tijdens dit traject had ik het genoegen gehad om met verschillende mensen uit Benin, Ghana en 
Nederland samen te werken. Zonder hen zou ik niet in staat zijn geweest om dit werk te leveren 
en ik wil allereerst hen oprecht bedanken. 
 
Graag wil ik beginnen met het bedanken van mijn promotor Prof. dr. Tjip van der Werf. Beste 
Tjip, je begeleiding bij het uitzetten van de grote lijnen van mijn proefschrift zijn voor mij erg 
waardevol geweest. Je scherpe analyses en associaties hebben me geholpen om onderwerpen 
te koppelen en verder te kijken dan mijn neus lang is. Binnen no-time had je altijd feedback 
op een stuk en prachtige zinnen toegevoegd. Onze overleggen begonnen meestal met mooie 
foto’s en naderhand had ik altijd het gevoel dat alles mogelijk was door jouw enthousiasmerende 
benadering en inspirerende woorden. 
 
Dr. Ymkje Stienstra, lieve Ymkje, dank je wel voor je prettige dagelijkse begeleiding. Toen ik net was 
begonnen zijn we samen naar Benin geweest en heb je me aan het Benineense team voorgesteld. 
Ik vond onze samenwerking erg plezierig en bij jou kon ik altijd terecht voor inhoudelijke en 
praktische vragen, of ik nou in Benin, Ghana of in Nederland zat. Je hebt me heel vrij gelaten en 
mij de ruimte geboden om mijn eigen pad te volgen. Altijd als ik dacht dat een stuk bijna af was, 
kwam jij nog met een aantal kritische opmerkingen. Destijds soms lastig maar hierdoor zijn mijn 
stukken beter geworden. Ik heb enorm veel waardering voor je doorzettingsvermogen, inzet en 
talent om de in mijn ogen lastige kwesties om te zetten in lichtere vraagstukken. 
 
Prof. dr. Pieter Dijkstra, beste Pieter, tijdens mijn traject mocht ik vaak bij je langs komen om te 
brainstormen over methoden en aanpak van analyses. Vaak kreeg ik dan een lekkere appel en 
stonden we even stil bij mooie fietstochten. Heel veel dank voor je fijne manier om structuur in 
mijn denken te creëren. Door jouw vragen werd ik altijd enorm uitgedaagd om anders te kijken, 
een andere analyse toe te passen of toch nogmaals de data te eye-ballen.  
 
Ik had het genoegen om tijdens mijn promotietraject nauw samen te werken met Marike Alferink. 
Lieve Marike, in een vroeg stadium van mijn promotietraject dronken we koffie in de zon en 
direct hadden we een leuk en fijn gesprek. En dat is zo gebleven. Ik heb heel veel gehad aan onze 
samenwerking en wil je heel graag bedanken voor de fijne sparmomenten, alle internationale 
skype gesprekken, de gezamenlijke ritjes bij Félicité achter op de scooter en het delen van de 
lokale Benineense kookkunsten. 
 

Dankwoord
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I was also fortunate to work with Yves Barogui from Benin. Dear Yves, we had endless conversations 
about the care for BU patients, logistical issues concerning data collection, and cultural differences 
across our countries. I admire your patience and all the effort you put in patient care, managing 
a hospital, and moreover combining these activities with your PhD project! Thank you for taking 
care of me while I was in Benin, and hosting many dinners at your house. Not to forget the 
barbeques at our place in Groningen. Thank you for all your contributions and I hope we can visit 
you soon in Benin again.  
 
Pendant ma thèse j’avais eu l’opportunité de travailler avec la mémorable équipe du Bénin. Je 
voudrais particulièrement remercier Docteur Didier Agossadou, coordinateur du Programme 
National de Lutte contre la Lèpre et l’Ulcère de Buruli du Benin. Vous m’avez beaucoup aidé. 
Vous avez facilité la soumission de tous les protocoles d’étude au Comité d’éthique médicale.  
Je voudrais aussi, remercier Docteur Ghislain Sopoh, Directeur du Centre de Traitement  et 
Dépistage de l’Ulcère de Buruli d’Allada qui m’a aidé pour la collecte des données, la soumission 
des protocoles d’étude au Comité d’éthique médicale et l’organisation du cours sur GCP. 
 
Je tiens à remercier Chantal Agossadou et Félicité Honongoue. Chère Chantal, tu m’as aidé de 
façon fantastique dans la collecte des données pendant mon séjour au Bénin. En plus, tu m’as 
appris comment collecter des données au Bénin ; tu m’as présenté dans les villages et m’as donné 
tes opinions sur les questionnaires. Chère Félicité Hèdiblè, pendant que j’étais à Lalo, je dormais 
sur ton lit, tu me préparais à manger, tu m’as donné beaucoup d’idées sur la vie au Bénin. Je 
ne pouvais pas avoir un meilleur endroit pour séjourner! Finalement, je voudrais remercier le 
personnel des Centres de Traitement et Dépistage de l’Ulcère de Buruli de Lalo et d’Allada. 
 
Je tiens à remercier enfin et surtout tous les participants du Bénin. Tous les participants étaient 
disposés à participer volontairement et voulaient partager leurs connaissances, leurs idées et 
leurs informations. 
 
In Ghana I have had the pleasure to collaborate with many enthusiastic and inspiring collegues. I 
would like to thank Kabiru Mohammed Abass, Buruli ulcer coordinator in Agogo. Dear Abass, you 
have contributed considerably in making the fieldwork possible in Ghana. You have arranged all 
the logistics, motivated others, and you were always willing to provide your critical feedback. In 
addition, thank you for taking care of me while I was in Ghana. I would also like to thank Wilson 
Tuah, Buruli ulcer coordinator in Nkawie. Dear Wilson, thank you for all the conversations we have 
had on Buruli ulcer related pain, and for your assistance with the data collection. 
 
In addition, I would like to express my gratitude to Richard Phillips, infectious disease specialist 
in Kumasi. You have assisted in obtaining medical ethical approval, you gave inspiring lectures 
during the pain workshop and you were always willing to teach me on Buruli ulcer in Ghana. 
 
Last but not least, I would also like to thank all participants from Ghana. All participants were 
willing to participate voluntarily in the studies and wanted to share their personal knowledge, 
ideas and information.
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Voor de studies naar pijn gerelateerd aan Buruli ulcus had ik de mogelijkheid om ook met Prof. dr. 
Adelita Ranchor te werken. Beste Adelita, dank je wel voor je kritische blik en vragen, je begeleiding 
in het ontwikkelen van een helicopterview en je persoonlijke interesse. 
 
Daarnaast wil ik mijn collega promovendi Nana Ama Amissah en Sandor Klis bedanken. Nana 
Ama, although we mostly met in The Netherlands you have facilitated my work in Ghana as well. 
Besides that, we had wonderful discussions on our cultural differences, life in general, the height 
of our heels, and off course on Buruli ulcer. Sandor, we zijn voornamelijk afwisselend in Ghana en 
Benin geweest en waren ook in Nederland collega’s werkzaam in een andere plaats. Desondanks 
wil ik je bedanken voor de samenwerking en de leuke sparmomenten tijdens het gezamenlijk 
bezoeken van congressen. 
 
Natuurlijk kon ik alle data verzameling niet alleen doen en zijn er studenten geweest die een 
bijdrage hebben geleverd aan dit proefschrift, namelijk Marlies Douwstra, Till Omansen en 
Susanne Loth. Beste Marlies, jij wilde graag naar Ghana om onderzoek te doen in het kader van 
je opleiding bewegingswetenschappen. Gedreven als je bent heb je niet alleen geholpen met 
de dataverzameling, maar heb je ook met andere projecten geholpen. Beste Till, jij hebt in Benin 
in het kader van je opleiding geneeskunde niet alleen goed geholpen bij de dataverzameling, 
maar ook met de aanvraag voor de Medische Ethische Commissie. Tot slot Susanne, ook jij hebt in 
Ghana data verzameld als student geneeskunde. Je hebt heel veel dossiers ingezien en interviews 
afgenomen en goede bruikbare data verzameld. Bedankt daarvoor. 
 
Ook wil ik de triadegenootjes graag bedanken; Laura, Charlotte, Jelmer, Marco, Björn, Gerald, 
Annet, Trynke en Martijn. Dank jullie wel voor alle leuke discussies, lekkere koffietjes, gesprekken 
over van alles en nog wat en het wisselen van gedachten over werk gerelateerde aspecten. 
 
Daarnaast zijn er nog vele lieve vrienden en familieleden die ieder op hun eigen manier hebben 
bijgedragen aan het tot stand komen van dit boekje. Zonder dat mensen het waarschijnlijk door 
hebben gehad heb ik van hen begrip en afleiding mogen ervaren. Graag wil ik een aantal van 
hen specifiek benoemen. Allereerst mijn allerliefste vriendinnetjes Karlien, Annelies, Sietske, Ineke, 
Arieke en Hanna. Fijn dat jullie er voor me zijn en ik geniet altijd enorm van onze gesprekken, de 
wijntjes samen, de gezamenlijke uitstapjes, en de gezellige momenten. Lieve Karlien, al van jongs 
af aan ben je een hele goede vriendin en ontzettend betrokken en geïnteresseerd. Ik kan altijd 
mijn gedachten bij je kwijt en jou steun is enorm van waarde. Daarnaast heb je ook nog enkele 
stukken gelezen uit mijn proefschrift ter correctie, super bedankt daarvoor! Lieve Annelies, tijdens 
de opleiding Fysiotherapie kregen wij binnen ons groepje al vrij snel de taak om inhoudelijke 
aspecten van een opdracht te behandelen en ik heb mijn bachelor scriptie met jou geschreven.  
Je bent een erg waardevolle vriendin en ik vind het fijn dat je een luisterend oor hebt, me altijd 
weer nieuwe inzichten kan geven en we goede gesprekken hebben over zaken die er toe doen. 
Lieve Sietske, jij bent altijd heel betrokken en geïnteresseerd. Aangezien we ook een zelfde 
achtergrond delen kon ik bij jou ook nog terecht met vragen over kinderfysiotherapie. Je bent 
een enorme steun en fijn dat ik altijd mijn verhaal bij je kwijt kan! Lieve Ineke, ondanks het feit dat 
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we elkaar helaas niet zo vaak zien heb ik altijd het idee dat je direct snapt wat me bezig houdt 
en is het goed. Onze gesprekken zijn altijd fijn, je bent erg geïnteresseerd en stelt vragen waar ik 
wat mee kan. Daarnaast vond ik het erg prettig en leerzaam om te sparren over de ontwikkeling 
van kinderen. Lieve Arieke, onze ‘roots’ zijn hetzelfde en al jarenlang kan ik mijn ei bij je kwijt. 
Ondanks het feit dat we beiden een complete andere richting in zijn geslagen, zijn we elkaar 
blijven begrijpen en is jouw visie enorm waardevol voor me. Dank je wel daarvoor! Lieve Hanna, 
dank je wel voor je wijze raad en alle spiegels die je me hebt voorgehouden. Vaak hoef ik niet echt 
uit te leggen wat ik bedoel, want dan heb je het al door. Je bent een hele fijne steun en ik geniet 
altijd van de gezelligheid a la Hanna’s. 

 Lieve Marieke, ik vind het ongelofelijk jammer en verdrietig dat je dit hoogtepunt niet mee kunt 
maken. Urenlang konden we kletsen over onderzoek doen in het buitenland, studeren, het maken 
van keuzes en je bent een grote steun geweest. Je afwezigheid is een enorm gemis en helaas  
heb ik van jou geleerd hoe zwaar het leven kan zijn. 

Lieve Willem en Saskia, jullie zijn altijd zo ontzettend geïnteresseerd geweest en dat waardeer ik 
enorm. Tijdens familie uitjes of andere gezellige uitstapjes hadden we fijne gesprekken en ik had 
altijd het gevoel dat jullie ook inhoudelijk wilden begrijpen waar ik mee bezig was. 

 Lieve Maarten en Marieke, tijdens de gezellige borrels of etentjes hadden we leuke gesprekken 
zowel op medisch als op niet medisch vlak. Jullie zijn erg betrokken en geïnteresseerd en wat 
heerlijk om te praten over onze gedeelde dingen in het leven. 

Lieve Chris en Gretha, jullie betrokkenheid heb ik enorm gewaardeerd. Altijd hebben jullie 
gevraagd hoe het met mijn promotie ging en kon ik mijn hart er even over luchten. 

 Lieve Eline, wat ontzettend fijn dat ik jou kon vragen om mijn Nederlandse teksten te lezen en te 
corrigeren. Dank je wel daarvoor! Daarnaast is het erg prettig dat jij graag op Amy wilt passen en 
heb ik veel waardering voor de manier waarop je je kansen grijpt. 

 Lieve Doreen, qua promoveren en gezin hobbel ik een beetje achter je aan. Het is altijd heerlijk 
om met jou te kletsen over wat ons bezig houdt en prettig om uitstapjes te maken naar Utrecht. Ik 
heb altijd veel steun ervaren door het feit dat je precies wist wat promoveren inhield en genoten 
van de leuke en gekke activiteiten die je dan weer had bedacht. Hopelijk volgen er nog vele. 
 
Lieve Bob en Hanna, wat fijn dat jullie me hebben opgenomen in de familie van Wilgen. Dank 
jullie wel voor de leuke familie uitstapjes, de steun in moeilijke tijden en het feit dat jullie altijd 
willen oppassen op Amy.
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Lieve opa en oma. Opa, ondanks het feit dat je dit hoogtepunt helaas niet meer kunt meemaken 
ben je samen met oma heel belangrijk voor me. Dank jullie wel voor alle wijze raad, de uitstapjes 
en het meegeven van de pioniersgenen. 
 
Lieve Leonie, Marloes en Onno. Leonie en Marloes, jammer genoeg zijn we alle drie in een andere 
hoek van Nederland gaan wonen. Ik vind het altijd fijn om met jullie te kletsen, uitstapjes te maken, 
lol te hebben en ik ervaar het onvoorwaardelijke zussen gevoel. Onno, fijn dat ik jou via Marloes 
erbij heb gekregen. Ik waardeer je visie op het leven enorm en geniet van onze gesprekken. Dank 
jullie wel!

 Lieve papa en mama, ook al was het soms lastig te begrijpen waar ik nou precies mee bezig was, 
jullie hebben geprobeerd het te volgen en me onvoorwaardelijk gesteund. Dank jullie wel voor 
de stevige basis die jullie me mee hebben gegeven waardoor ik mijn eigen weg heb kunnen 
inslaan. Het is heel erg prettig te weten dat ik altijd bij jullie terecht kan en om thuis te komen op 
de boerderij! Daarnaast geniet ik er van hoe jullie samen met Amy zijn!
 
Lieve Myrthe en Roos, het was denk ik elke keer weer wennen als ik thuis was of weer in het 
buitenland zat. Ik vond het fijn dat jullie open stonden voor het ontvangen van mijn collega’s 
thuis en ik kan genieten van jullie aanwezigheid!

Lieve Paul, jij bent mijn rots in de branding, luisterend oor, adviseur en bovenal grote liefde. Van 
begin tot het einde heb je me gesteund, geluisterd naar mijn verhalen en twijfels en konden 
we discussiëren over mijn onderzoek.  Het was enorm fijn om altijd weer thuis te komen en ik 
waardeer het heel erg dat je me hebt kunnen laten in mijn voorbereidingen of het wennen om 
weer terug te zijn. 

Lieve Amy, wat fijn dat jij op de wereld bent gekomen.

Dankwoord
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