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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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