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In this chapter, we summarize and discuss the main findings, putting this work in a larger 
perspective with proposed ways to build on these results in future studies.

In Chapter 2, we describe the analysis of functional limitations in 179 former Buruli ulcer patients. 
From previous studies at the time that surgery was the standard of care, we know that around 
50% of former Buruli ulcer patients still suffer from functional limitations after their lesions were 
healed [1,2], and we hypothesized that perhaps after the introduction of antimicrobial therapy 
as the standard of care, less people would have residual functional limitations. We therefore 
examined the possible influence of the introduction of antimicrobial treatment as standard care 
for Buruli ulcer in 2005 in Bénin. Of the 69 former patients that had antimicrobials, the majority 
still had their antimicrobial treatment combined with surgery. Comparing the groups with and 
without antimicrobial therapy, we did not find a significant difference in functional limitation after 
Buruli ulcer lesions were healed.

A possible explanation for the fact that we could not find a difference could be that doctors did 
not really change the way they performed surgery. Perhaps, they continued their practice by 
doing extended excisions.  Indeed, this study was performed in 2006, only one year after the 
introduction of the antimicrobial agent in the Buruli ulcer treatment. One year may have been 
too short to change the surgical practice. Furthermore, the World Health Organization (WHO) 
provisional guideline recommended to perform surgery one to four weeks after the beginning of 
the antimicrobial treatment to be continued for a total of eight weeks [3], so indeed all patients 
had surgery between one week and four weeks after the beginning of antimicrobial treatment. In 
the trial comparing rifampicin and streptomycin for eight weeks with rifampicin and streptomycin 
for four weeks followed by rifampicin and clarithromycin for four weeks in Ghana, lesions often 
showed an increase of size until week 10 and then gradually decreased [4]. Additionally, in a 
recent study, it was shown that at week four of streptomycin and rifampicin, the size of the 
lesion did not decrease significantly. Therefore, surgery performed at week four might lead to 
a large excision, just as large as if the patient had not received any antimicrobial treatment. It 
has also been demonstrated that paradoxical reactions has been common in Buruli ulcer and 
most of them occurred within 3–10 weeks of antibiotic initiation [5, 6]. From our study, it was not 
possible to compare a group of patients treated with surgery only with a similar group treated 
with antimicrobials only, because this group was too small – only 11 individuals had antimicrobial 
treatment only.

Current practice in Benin has shifted toward antimicrobial treatment-only in around 30% of cases.  
So gradually, cohorts in the years following the current study, the group of antibiotic treatment-
only would be sufficient to make a fair comparison between surgery and antimicrobial treatment 
alone. It might be worthwhile to include patient cohorts after 2006 to better elucidate the impact 
of treatment on the subsequent functional limitation score.

6. General discussion and future perspectives
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The weakness of such a study might be that the two groups were not enrolled by randomization 
and that potential confounders cannot be identified nor ruled out. That is why a prospective 
randomized comparison would be ideal; patients, doctors nor ethics committees might be 
prepared to engage in such a study. That is why the current randomized trial to evaluate the 
impact of surgery on subsequent functional limitations is designed in such way that not surgery 
per se, but rather the moment in time to decide about surgery is randomized. In this way, we hope 
to obtain answers about the possible benefits – or disadvantages – of surgery in combination 
with standard-antimicrobial therapy, including the impact on residual functional limitations after 
healing.

One other new finding of our study in Chapter 2 - was that larger (> 15 cm cross-sectional diameter) 
lesions appeared significantly associated with residual functional limitations. Interestingly, this 
appeared to be the first study showing that lesion size impacted on functional limitations after 
healing. It has been demonstrated that late presentation to the hospital with ulcers in advanced 
stage is a major problem because treatment of advanced disease is complex and frequently has 
long-term disabilities as a consequence [1,7,8]. Thus to reduce functional limitations, it is important 
for the patient to present at the health care system at an earlier stage.

In order to find the best strategy for early case detection, we evaluated the role of community 
health volunteers in chapter 3. The BU01 form has been introduced and provided by the WHO 
to implement a standard format for reporting of Buruli ulcer in endemic countries. In this study, 
we examined all BU01 forms in the four different Buruli ulcer treatment centers in Bénin: Lalo, 
Allada, Zagnanado and Pobè. Out of the 1965 patients that presented to the health centers with 
Buruli ulcer in Bénin between 1-1-2008 and 31-12-2010, community health volunteers appeared 
to have referred 521 (26.5%) to these centers. More than one quarter of all patients were referred 
by these community health volunteers, which suggests that they contributed significantly to 
the National Buruli ulcer program. In univariate analysis, we found a significant impact on early 
reporting, which is in line with previous studies [9, 10]. In the multivariate regression model 
however, there was no difference in the Buruli ulcer category of the lesions of patients referred 
by community health volunteers compared to patients not referred by these community health 
volunteers. This is different from the results of a single-center study in Ghana [11]. Our study 
demonstrates that the community health volunteers are not systematically better than the others 
referral actors. In particular, the family member and the former patients as well as the community 
health volunteers played similar important roles in referring patients at an early stage. Indeed, 
during focus group discussions conducted in Bénin, a group of women as well as a group of men 
declared invariably that they will consult first the former patients to obtain information about 
Buruli ulcer. They felt that the most reliable source of information regarding any disease was the 
patient him/herself. “You know what you are talking about when you have had the disease” [12]. 
In addition, Debacker et al reported that 68,3% of patients were referred to one hospital in Bénin 
by former patients [13]. Therefore, we think that it will be useful to officially include the former 
patients and their family members in the early case detection team. The potential added value in 
terms of earlier reporting could be tested in a step-wedge cluster randomized prospective study. 
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The design would be acceptable for centers as well as Ethics Committees; and the read-out could 
be simple and relatively cheap, using the BU01 forms, with the proportion of patients with early, 
limited (i.e., category 1) versus advanced, late (i.e., categories 2 and 3) lesions.

This new strategy may also contribute to prevent secondary infection in Buruli ulcer. In fact, in 
burns patients, it has been demonstrated that high total burned surface area is significantly 
associated with secondary infection [14–16]. So early case detection might reduce secondary 
infection in Buruli ulcer as well. 

In chapter 4 of this thesis, we have addressed the issue of secondary infection. In fact, we found 
that nearly four out five admitted patients (78%) received at least one course of antibiotics other 
than streptomycin and rifampicin during their hospital stay. Moreover, courses of antibiotics of 
10 days on average were prescribed for extended prophylaxis after excision, debridement or skin 
grafting. Therefore, rational antibiotic prescribing behavior should be stimulated in centers treating 
Buruli ulcer [17, 18]. Currently, there is no guideline for the diagnosis of secondary infection as 
well as the prescription of non-specific antibiotics to BU patients suspected to have secondary 
infection in Buruli ulcer. In chapter 4 of this thesis, we suggest to improve local wound care in 
case of suspicion of secondary infection without any systemic signs, without adding systemic 
antibiotics. If this suspicion is accompanied with systemic signs, it is important to perform deep 
tissue and blood cultures before start of antibiotics and improved wound care. The adherence 
to the suggested guideline for use of antibiotics presented in chapter 4 of this thesis will have a 
major impact on antibiotic use in the Buruli ulcer treatment centers, saving money and toxicity 
and limiting further antimicrobial resistance development. One other new finding of our study in 
chapter 4 is the high prevalence of methicillin-resistant Staphylococcus aureus (MRSA) amongst 
Buruli ulcer patients. In cultures from superficial swabs from Buruli ulcer lesions, we found that 
38% of Staphylococcus aureus isolates were MRSA. This high prevalence of MRSA is in line with a 
study in Ghana in which the prevalence of MRSA is 33% amongst Buruli ulcer samples [19, 20]. Our 
study confirms this high prevalence in Bénin [21]. This percentage was not considerably different 
in patients before admission or before start of antibiotic treatment, suggesting that MRSA in these 
patients was community acquired. In Bénin, all drugs are freely available in the market; indeed 
antimicrobial agents can be bought over the counter, and self-medication is very common. 
Studies have shown that between 40,8% and 66,4% of the patients choose self-medication in first 
intention before going to the hospital [20,22,23]. This phenomenon appears to be also common 
in Buruli ulcer patients [12, 24]. Self-medication and use of ‘left-over’ antibiotics may contribute 
to MRSA in the community. It is important that strategies are developed to reduce antibiotic 
pressure in the community in Bénin. In addition, and especially for Buruli ulcer, a periodic routine 
culturing of wounds should be performed to remain updated on the prevalence of MRSA and 
possible development of resistance.

Finally, in chapter 5, we present data on the incidence and risk factors of paradoxical reactions 
during antimicrobial treatment of Buruli ulcer in West Africa. Our data confirm that paradoxical 
reaction is common in Buruli ulcer [5, 6]. Paradoxical reactions occurred in one out five patients 
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(22%). Our data identified the following risk factors: localization on the trunk, larger lesion size; 
and certain genetic factors, i.e. certain polymorphisms in the SLC11A1 gene (formerly known as 
NRAMP1).

Paradoxical reactions have earlier been recognized to result from restoration of local and systemic 
immune responses [25–28]. We found that larger lesions (category 2 and 3) are a risks factor for 
developing paradoxical reaction. This finding emphasized the importance of the best strategy 
of early case detection.  We also found that paradoxical reactions to M. ulcerans infection are 
associated with genetic factors. Carrying the homozygous ins/ins genotype of 3’UTR TGTG 
polymorphism in the SLC11A1, increases the risk of paradoxical reactions in BU. Earlier studies 
have shown that some of genetic factors influence the innate immune response to mycobacterial 
antigens, such as infectious disease susceptibility genes, e.g. SLC11A1, HLA-DR, vitamin D3 receptor, 
and mannose binding protein [30–32]. Associations with the 3’UTR TGTG ins/del polymorphism 
and developing BU were not found [33]. However in tuberculosis, it was reported that participants 
who were heterozygous for two SLC11A1 polymorphisms (INT4 and 3’UTR) were at highest risk of 
tuberculosis [32]. Perhaps, certain polymorphisms in the SLC11A1 gene lower the susceptibility to 
M. ulcerans infection by developing a stronger immune response. In turn, this stronger immune 
response might increase the risk of paradoxical reactions once BU did develop. Furthermore we 
reported that lesions on the trunk are significantly associated with paradoxical reactions. The 
increased incidence of paradoxical reactions on the trunk might be due to a difference in local 
immune responses.

At this time there is no standard definition of paradoxical reaction in Buruli ulcer. One study 
has suggested a definition that included histotological aspects [5]. Unfortunately, histological 
examination on samples collected with punch biopsy is not only invasive but histopathology 
is unavailable in routine practice in Africa where the disease is an important health problem 
[29]. We therefore suggested a clinical and practical definition of a paradoxical reaction. Using 
the suggested clinical definition, the incidence that we found is similar to what was previously 
published. In addition, all the patients healed without changing their initial treatment. Adherence 
to the suggested definition in this study will be helpful to clinicians in routine practice. This will 
have a major impact on the management of Buruli ulcer; saving money and toxicity and limiting 
antimicrobial resistance development, steroid use, and unnecessary and sometimes disfiguring
surgery.

We did not find an association between paradoxical reactions and the duration of the lesion before 
presentation, the gender or the white blood cell count at presentation. Interestingly, paradoxical 
reactions were not associated with patients’ vital parameters such as the temperature and the 
pulse rate measured the time point the paradoxical response occurred. Therefore, we argue that 
an increase of pulse, temperature or white blood cell count is indicative of an additional disease 
or super-infection which should be further investigated. 
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Finally, we report that paradoxical reactions are not associated with vitamin D level. This finding 
is in contrast with Hassan et al who reported one case of a paradoxical reaction in a tuberculosis 
patient with vitamin D deficiency [34]. Although, few studies address vitamin D and paradoxical 
reactions in tuberculosis, vitamin D deficiency is often found to be associated with susceptibility 
to tuberculosis [35, 36]. In our sample, the means of vitamin D level in both groups were similar. 
Therefore, the potential role of vitamin D in paradoxical reaction in BU should be investigated in 
larger studies.

The studies described in this thesis have some strengths as well as limitations. In chapters 2 
and 3 data were collected retrospectively. As a result, there are some data missing; especially in 
chapter 2, we were unable to retrieve 34% of the former patients. This may have introduced a bias. 
Therefore, to assess the impact of antimicrobial agents in Buruli ulcer treatment on functional 
limitation, randomized controlled trials are needed. In addition, the limited sample size of some 
of the studies in this thesis presents another limitation. In chapter 2, we studied the functional 
limitations after Buruli ulcer treatment. To our knowledge, this study still is the first and the only 
study using a validated scale that evaluates the impact of introduction of antimicrobial agent 
in Buruli ulcer treatment on functional limitation. We demonstrate that the introduction of 
antimicrobial agents in the treatment is not enough to reduce disabilities due to Buruli ulcer. 
In this thesis, we performed two studies prospectively. In addition, we included almost two 
thousand participants in the study presented in chapter 3.

Early case detection is crucial in the fight against Buruli ulcer, and studies evaluating methods 
to enhance early case detection are of utmost importance to reduce suffering from Buruli ulcer. 
Early case detection reduces the need for surgery, the need for prolonged hospitalization, usage 
of expensive materials, secondary infections, paradoxical reaction and probably also, functional 
limitations after healing. Several relatively simple interventions like involving family members 
and former patients in the sensitization activities in endemic communities might be studied 
prospectively, e.g., in a step-wedge randomized international trial.

6. General discussion and future perspectives
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