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The main aim of this thesis was to contribute to improving antimicrobial drug therapy of 
Buruli Ulcer (BU). Chapter 1 introduces BU as a neglected tropical disease (NTD), explaining 
the meaning and public health context of this term. This is followed by a brief history of 
BU and by an explanation of the basic concepts of BU pathobiology that are crucial for the 
understanding of the following chapter: M. ulcerans is an environmental pathogen with an 
unclear transmission pathway. It causes skin lesions known as BU that can manifest as nod-
ule, ulcer, plaque or edematous eruption. The cytotoxin mycolactone is the main virulence 
factor of M. ulcerans as it causes local immunosuppression, necrosis and analgesia.

BU occurs mainly in West Africa but also the in Western Pacific region. Chapter 2 explores 
the current epidemiological situation of BU, as an extension of the introduction. In 2017, 
2217 cases of BU were reported to WHO, globally. There was a drastic decrease of cases 
since 2010; in total 23,206 cases had been recorded between 2010 – 2017. WHO had set 
four programmatic targets to be reached in 2014 to improve the situation of BU: more than 
70% of cases should be PCR confirmed, less than 25% of cases should be category III (lesion 
diameter >15cm or multiple lesions), less than 60% of cases should be in the ulcerative 
stage when detected and less than 15% of patients should experience movement limitation 
as a result of BU. However, none of the programmatic targets has been fulfilled today. M. 
ulcerans is an environmentally present pathogen. Its epidemiology seems to obey unknown 
ecological drivers and BU is therefore highly unlikely to be eradicated. This highlights the 
need of highly efficient treatment as a main tool for disease control.

Surgery has long been standard treatment of BU. Affected areas were resected with large 
safety margins. These large resection areas led to scarring, contractures and disability. 
There were also high rates of disease recurrence despite large resection areas. Chapter 3 as 
an editorial to the recent Cochrane review on clinical studies evaluating antimicrobial drug 
therapy, explaining the long and winding road from surgical treatment to antimicrobials first 
in Buruli ulcer; this review and comment sets the stage for the following chapters, explor-
ing BU pharmacotherapy. M. ulcerans is susceptible to several anti-mycobacterial agents, 
mainly rifamycins, aminoglycosides, macrolides and fluoroquinolones. Chapter 4 offers a 
detailed review of all anti-infectives tested against the M. ulcerans pathogen in clinical stud-
ies and in the laboratory environment.

Pre-clinical drug development, also for BU is done in animal models of infection. For BU the 
mouse footpad and mouse tail model are applied. At each time-point of the experiment, 
numbers of animals are euthanized and drug or vaccine efficacy is assessed by quantify-
ing bacteria in processed tissue samples. A novel method that allows to quantify bacteria 
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without euthanizing animals is the use of bioluminescent bacteria that refine and reduce 
animal experimentation for drug research. This method has previously been applied reading 
out luminescence from a mouse footpad in a luminometer. In chapter 5 we however used 
an In-vivo imaging system that is a camera purposely build to measure the intensity but also 
demonstrate the location of bacteria in an anesthetized, experimentally infected rodent. 
We demonstrated the possibility to image and read out bacterial presence in BALB/c mice. 
Also early infection that was not visible clinically, was detected with the use of the IVIS sys-
tem. We confirmed the histopathological resemblance of lesions caused by the genetically 
modified autoluminescent M. ulcerans strain as well as the evoked immune response with 
data from human BU cases as a first step to validate the model for future use.

Currently, Buruli ulcer is treated with an eight-week course of rifampin (RIF) in combination 
with either the injectable streptomycin (STR) or oral clarithromycin (CLR). Even though the 
treatment is freely available for patients in most endemic countries, long distances to health 
care facilities and hospitalization cause patients to neglect or under-utilize their treatment. 
Although some who default from treatment, still have their lesions healed, others have poor 
outcome after default. This highlights the need to investigate better, shorter treatments for 
BU. Drug development is very costly and special attention needs to be paid in the case of 
an NTD: researched compounds should be available, patent-free, inexpensive, not requiring 
a cool-chain for transportation and bear little side effects and drug-drug interactions with 
other medication used in endemic settings. In summary, it is thus desirable to repurpose 
existing drugs for the treatment of NTDs. One such lead were avermectins. It was reported 
that these widely used compounds, mainly the avermectin ivermectin, had intermediate 
anti-mycobacterial activity against the tubercle bacillus – a related micro-organism. We 
confirmed these findings in chapter 6 showing comparable intermediate activity in vitro. 
Ivermectin is mainly used in low, single doses for the treatment of parasitic diseases but 
would have to be administered daily in higher doses to be efficacious against M. ulcerans. 
In chapter 7 we hence first evaluated the pharmacokinetics of the avermectins ivermectin 
and selamectin in healthy BALB/c mice and found peak plasma concentrations with our high 
dose regimen that were in the order of magnitude of the previously in vitro found minimal 
inhibitory concentrations (MICs). A subsequent efficacy trial in infected BALB/c mice how-
ever showed no bactericidal activity of avermectins against M. ulcerans, and some increase 
in swelling of infected areas compared even to control animals. These findings might be 
best explained by different immunomodulatory properties that avermectins cause on the 
skin. With the increasing use of avermectins for new indications, such as malaria control or 
as cancer chemotherapeutic we do contribute the first evaluation of high-dose, repeated 
administration regimens in the mouse, albeit lacking efficacy against M. ulcerans.
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As previously stated, BU is managed with RIF with STR or CLR. At its introduction in the 1970s, 
RIF was expensive and there were fears of side-effects. A dose of 600 mg or 10 mg/kg was 
first chosen and was efficacious in the treatment for tuberculosis. This dose has not been 
questioned and adopted for the treatment of BU since. In an effort to repurpose and refine 
the treatment of BU with existing, rapidly applicable means, we performed a dose-ranging 
of different doses of RIF and rifapentine in M. ulcerans infected mice, described in chapter 
8. We found that 20 mg/kg and 40 mg/kg RIF were very efficacious, as was rifapentine. 
With high-dose rifamycins we observed culture negative lesions after only four weeks of 
treatment. Motivated by these findings we are currently further investigating the perfect 
dose of RIF in a larger-scale study, as well as studying the ideal macrolide companion, given 
that there are some drug-drug interactions with CLR that might render the macrolide less 
effective than other candidate companion drugs. One such study is shown in chapter 9, 
where we show non-inferiority of oxazolidinones to CLR in combination with RIF, offering an 
alternative companion to future high-dose RIF regimens.

The first half of this thesis thus explored the current challenges and epidemiology of Buruli 
ulcer and reviewed the progression from surgery to drug therapy in Buruli ulcer, detailing 
the susceptibility of the M. ulcerans microbe to antimicrobials. The second half consists of 
pre-clinical laboratory studies in the M. ulcerans BALB/c mouse model that yielded high-
dose rifampin as high-potential candidate regimen for further evaluation of future highly 
active, short-course regimen to treat BU, as further explained in Chapter 11.
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