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45Treatment of Buruli Ulcer

Tjip S. van der Werf, Richard O. Phillips, Roch C. Johnson, 
and Yves T. Barogui

45.1	 �Introduction

Since the cause of Buruli ulcer (BU)—infection with Mycobacterium ulcerans—
was first discovered and reported in 1948 [1], surgical resection has been the main-
stay of treatment for more than half a century, when clinical studies were designed 
and conducted, based on in vitro and in vivo animal experiments. Unlike leprosy, 
where progress to develop evidence-based pharmacological treatment has been 
hampered by the fact the M. leprae cannot be cultured and tested in vitro for drug 
susceptibility, M. ulcerans has been tested in vitro [2, 3] and in vivo [4, 5]—in ani-
mal models [6], for a variety of antimicrobial drug classes, and subsequently also in 
patients [7–9]. In contrast, in leprosy, the widely accepted multi-drug treatment has 
been largely based on expert opinion; observational cohort studies but no well-
designed, well-powered clinical trials with clearly pre-defined clinical end points 
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have been conducted to provide the evidence base for current treatment recommen-
dations [10].

Relapse and failure after surgical resection treatment alone for BU—though to 
some degree effective—have been well established [11, 12]. Systemic pharmaco-
logical treatment for BU, now considered standard of care, has been tested in sev-
eral clinical trials involving patients with lesions limited to 10 cm cross-sectional 
diameter [8, 9], and prospective cohort studies have enrolled patients with even 
larger lesions [13], with marked reduction in treatment failure and relapse, com-
pared to surgery alone. All these studies followed after publication of a small-scale 
proof-of-principle study in pre-ulcerative M. ulcerans infection. This study showed 
that lesions in patients treated for at least 4 weeks with a combination of streptomy-
cin and rifampin had their lesions sterilized, as evidenced by the fact that these 
lesions, when surgically excised, were all sterile [7]. Clearly all patients with ulcers 
need dressings and dressing changes as topical treatment; some topical treatment 
modalities have been designed and propagated for cure of BU disease. Apart from 
surgical resection [14], topical therapeutic approaches to seek cure for BU have 
included heat treatment [15], phenytoin powder [16], and oxidative nitrogen creme 
[17], and clay [18].

Leprosy should not be understood as merely an infectious disease, but just as 
well as immune pathology. Patients affected by leprosy suffer from lack of social 
inclusion and stigma. Apart from anti-infective agents, they need measures to pre-
vent and treat physical disabilities, while also reduction of stigma and social inclu-
sion should be addressed. Likewise, patients affected by BU have sequelae, with 
contractures, disabilities, and problems with stigma and social inclusion. Apart 
from the important target to attain relapse-free cure, an important aspect of treat-
ment is therefore also to prevent and manage sequelae. Indeed, many patients have 
ended up with disfiguring scars and contractures [12], with ensuing functional limi-
tations and stigma [19], causing restriction in social participation. For details regard-
ing the prevention of disabilities, we refer to Chap. 46.

Finally, treatment for BU is much more effective when patients seek medical 
attention early on in the course of disease. We therefore briefly discuss perceptions, 
beliefs, and attitudes as well as socioeconomic restrictions that may all cause patient 
delay. Indeed, unraveling health-seeking behavior and targeting determinants of 
patient delay are equally important to improve overall treatment outcome.

45.2	 �Systemic Therapy: Antimicrobial Therapy

Of all treatment modalities, clearly systemic antimicrobial treatment has been most 
studied, and taken together, antimicrobial treatment recommendations have a strong 
evidence base [20–22]. The Cochrane library published a systematic review of the 
entire preclinical evidence on antimicrobial drug treatment [20]. Here, we highlight 
and summarize the most important evidence of the activity of the different classes 
of antimicrobials tested, with some new information on novel drugs—and new evi-
dence from a large clinical trial [9]. It is important to realize that antimicrobials 
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(bactericidal or bacteriostatic agents) either kill or arrest the growth of M. ulcerans 
and its metabolic activities, including the production of the major virulence factor, 
mycolactone [23]. As mycolactone production ceases, concentrations in affected 
tissues (ulcers, nodules, plaques, or edematous lesions), as well as in the system, 
start to decline [24], and its effects gradually wean. Obviously, the observation of 
ongoing tissue damage during early stages of antimicrobial therapy is confusing for 
clinicians, and a directly acting therapy against mycolactone molecules still present 
in tissues and in the system would be a tremendous asset. At this point in time, only 
in vitro work has shown that directly acting antibodies against mycolactone might 
one day be added to our therapeutic arsenal [25]. With resolution of immune depres-
sion [24], induced through various different mechanisms, Sec61 blockade being 
dominant [26], tissue repair and wound healing often only start after completion of 
the 8-week course of antimicrobial therapy. Immune reconstitution may be accom-
panied by an exacerbated immune response: between 2 and 26% of cases show a 
transient clinical worsening. This phenomenon is characterized by reduction of bac-
terial load but increased inflammatory response. Sometimes, inflammatory reac-
tions emerge in the presence of dead bacilli at sites where, initially, no disease 
activity was noted. Most reports focus on clinically transient worsening with 
increase in size of lesions compared to baseline; all the above is referred to as “para-
doxical reaction” [27]. These reactions that may be to some degree inherited [28] 
may mistakenly be interpreted as treatment failure. It is therefore important that in 
designing a study protocol for the evaluation of (combinations of) antimicrobial 
agents, the dynamics of slow wound healing and possibly transient worsening of 
lesions following antimicrobial treatment are taken into account. In retrospect, ear-
lier published studies were flawed by design, with inappropriately short follow-up, 
at a time when the effects of mycolactone on immunity, tissue repair, and healing 
were incompletely appreciated. The presence of a secreted toxin in culture filtrate of 
M. ulcerans had been reported decades before the chemistry and biological activi-
ties of mycolactones were elucidated [29]. Although some patients may develop 
large lesions that continue to ulcerate for many years, most patients eventually heal 
[30]. This tendency of spontaneous healing is important to realize; it makes the 
interpretation of cohort studies without control groups notoriously difficult.

45.2.1	 �Aminoglycosides

This class of antimicrobial drugs have very low bioavailability and need to be 
administered parenterally. Aminoglycosides are hydrophilic compounds, and their 
volume of distribution reflects the lean body mass; excretion is by renal clearance. 
Their mode of action is by inhibiting bacterial protein synthesis, by binding tightly 
to the conserved A site of 16S rRNA in the 30S ribosomal subunit, and drug resis-
tance results from genetic changes in rrs coding 16SrRNA, rpsL coding the S12 
ribosomal protein, or gidB [31].

Streptomycin, an anti-tuberculosis drug, was repurposed for M. ulcerans treat-
ment after M. ulcerans isolates from patients in Buruli county in Uganda (now 
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known as Nakasongola) tested susceptible to this drug in vitro [32]. In vitro and 
in vivo studies confirmed the bactericidal activity of streptomycin on M. ulcerans 
[4, 5, 33]. Streptomycin-resistant clinical isolates of M. ulcerans are uncommon 
[34]. The clinical impact of streptomycin alone has been difficult to evaluate; strep-
tomycin has predominantly been used in combination with rifampin [7–9, 35–37]. 
Streptomycin has usually been administered at 15 mg/kg bodyweight; no pharma-
cokinetic data in patients with M. ulcerans infection have been published, and phar-
macokinetic/pharmacodynamic modeling has not been performed, but it is likely 
that dosing should be based on lean body mass; in obese individuals, toxicity can be 
expected with dosing based on total body weight. Toxicity is a major concern any-
way, especially in elderly people who risk vestibular and ototoxic effects [38]. This 
oto-vestibular toxicity and also renal toxicity are class effects. Amikacin, an amino-
glycoside with activity similar to streptomycin [5], has therefore no clear advantage 
over streptomycin. Several oral treatment schedules have been successfully tested in 
animal experiments [39], and in Australia, where patients are typically at a more 
advanced age, streptomycin and amikacin have largely been avoided [40]. Clinical 
studies have been designed to compare streptomycin-based treatment schedules 
with oral schedules. Oral agents replace streptomycin, especially clarithromycin [8, 
9, 37], and these studies show that streptomycin is no longer needed, as all-oral drug 
combinations are safer and equally effective [9]; see Fig. 45.2.

45.2.2	 �Rifamycins

Rifampin was reported to be effective against M. ulcerans in vitro as early as in 
1972 [41], when surgery was still deemed the only viable option for treatment. Later 
reports confirmed that susceptibility is excellent in vitro [3, 34] and in animal mod-
els [39, 41]. The drug is readily absorbed with excellent bioavailability; distribution 
is similar to total body weight; drug elimination is by enzymatic metabolism that is 
saturated at higher dosing, with important auto-induction of drug elimination in the 
liver; renal clearance is negligible [42]. Its mechanism of action is by interfering 
with bacterial polymerase, necessary for bacterial cell replication; resistance 
depends entirely on genetic changes in the rpoB gene encoding the polymerase [43]. 
As M. ulcerans is an environmentally acquired microorganism with low or absent 
antimicrobial pressure, all infections caused by this organism are typically wild-
type, and resistance is generally low and effectiveness high [9]. Enhanced drug 
elimination by induction of hepatic (CYP3A4) enzymes is a concern. Pharmacokinetic 
studies in BU have been limited to only one report [40]. Clarithromycin exposure is 
limited by rifampin co-medication; clarithromycin increases rifampin drug expo-
sure slightly.

In clinical trials and observational cohort studies, drug treatment including 
rifampin at a dose of 10 mg/kg body weight was associated with excellent tolerabil-
ity, high cure rates, and negligible relapse rates [7–9, 13, 35–37, 44], although in 
some of the cohort studies, resection surgery was combined with drug treatment 
[13, 35, 36], making it difficult to evaluate drug efficacy in those studies. In 
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tuberculosis susceptible to rifampin, dosing up to 35 mg/kg body weight [45] has no 
important toxicity. Animal experiments suggest that perhaps with increased dosing, 
shorter duration of therapy for BU might be possible [46].

Other rifamycins include rifapentine [39, 47] that has a considerably longer half-
life than rifampin and rifabutin [5] that has higher lipophilicity, longer half-life, and 
less drug-drug interactions than rifampin [48].

45.2.3	 �Macrolides

Clarithromycin has been studied most—it is a protein synthesis inhibitor that revers-
ibly binds to the 23S rRNA on the 50S ribosomal subunit. It has been considered a 
companion (bacteriostatic) drug in combination with more powerful bactericidal 
agents like rifampin [9]. The dosing has been slightly variable, ranging from 7.5 mg/
kg body weight once daily in most studies, to 12 mg/kg body weight [36], to 15 mg/
kg body weight once daily in extended release (ER) formulation [9]. Although less 
of a concern compared to aminoglycosides like streptomycin that is contraindicated 
during pregnancy, there are still concerns with its use during pregnancy [49]. It is 
readily absorbed from the intestine and eliminated by cytochrome 450 enzymes, 
especially CYP3A4 into 14-hydroxy-clarithromycin that appears to have no antimi-
crobial effect on M. ulcerans [40]. Clarithromycin decreases drug elimination of 
certain drugs—notably also rifampin—by inhibiting P-glycoprotein [50]. Its bacte-
riostatic effect on M. ulcerans has been shown in vitro [2] and in vivo [39]. The 
clinical experience has been limited to combinations with rifampin [8, 9, 35–37]. 
An 8-week course of oral rifampin and intramuscular streptomycin appeared highly 
effective [13, 36], but switching from streptomycin to oral clarithromycin after 
4 weeks [8] or even 2 weeks [37] did not affect treatment outcome, compared to 
patients that followed a full course with eight weeks of streptomycin, combined 
with rifampin. In a head-to-head comparison, fully oral treatment with the combina-
tion of clarithromycin in ER form in the largest clinical trial on drug treatment in 
M. ulcerans infection to date showed similar clinical effectiveness of 8-week fully 
oral rifampin-clarithromycin ER compared to the rifampin-streptomycin combina-
tion [9]. Among secondary end points in this study, median time to healing was 
better in the clarithromycin ER group (median 16 weeks) than in the streptomycin 
group (median 24 weeks); paradoxical reactions were similar, but toxicity, espe-
cially, oto-vestibular side effects, was significantly more common in the streptomy-
cin-treated group.

Azithromycin has good bacteriostatic activity in vitro [34] and in vivo, summa-
rized in [22], but clinical studies are lacking.

45.2.4	 �Fluoroquinolones

Ciprofloxacin, ofloxacin, and moxifloxacin have good antibacterial activity in vitro 
[3]. These drugs act by interfering with DNA replication by inhibiting gyrase that 
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catalyzes super-coiling of bacterial double-stranded DNA. Resistance is coded by 
mutations in the genes gyrA and gyrB that encode bacterial gyrase [51]. In Australia, 
oral treatment has been the preferred approach for antimicrobial treatment, and fluo-
roquinolones, notably, ciprofloxacin and moxifloxacin, have been recommended 
and incorporated in treatment schedules, usually in combination with rifampin [44]. 
Fluoroquinolones have excellent bioavailability and penetrate well into various dif-
ferent tissues including bone. Ciprofloxacin and levofloxacin are predominantly 
eliminated by renal clearance; dosing interval needs to be extended in patients with 
impaired renal function. Elimination of moxifloxacin is by metabolic inactivation 
into inactive metabolites that are excreted into feces and partly by renal clearance. 
No dose adaptation for moxifloxacin is required for patients with renal failure; co-
medication with rifampin is a concern as drug elimination of moxifloxacin is 
enhanced, with predicted reduction of drug exposure by a third [52]. Fluoroquinolones 
interfere with collagen formation and carry a potential adverse effect on bone for-
mation, tendons, and vascular structures; children may suffer from arthropathy; in 
the elderly, vascular dissection [53] and rupture of tendons such as the Achilles 
tendon might occur [54]. For moxifloxacin, which is also a core drug in the treat-
ment of drug-resistant tuberculosis, QTc time may increase with higher drug expo-
sure, with the potential risk of fatal arrhythmia by a mechanism referred to as 
“Torsade de Pointes.” In Africa, where patients are typically younger than in 
Australia, potential side effects as well as costs of fluoroquinolones have discour-
aged the use of these drugs. In clinical studies, especially in children with cystic 
fibrosis, adverse effects appear to be mild [55]. In general, fluoroquinolones are 
contra-indicated in pregnancy. Fluoroquinolones have not been studied in head-to-
head comparisons with other agents, and many patients in Australia receive antimi-
crobial treatment combined with surgery, which makes it difficult to tease out the 
effect of these drugs in their own right. Based on in vitro studies [3, 56], moxifloxa-
cin should be considered an effective drug for M. ulcerans infection.

45.2.5	 �Miscellaneous Antimicrobial Drugs

Cotrimoxazole has not been tested in vitro for M. ulcerans, although it has a poten-
tial role in drug-resistant tuberculosis, with only borderline susceptibility [57]; a 
small study did not show an appreciable clinical effect [58].

Clofazimine, an anti-leprosy drug, has attracted attention because of its activity 
against M. tuberculosis; it plays an important role in the management of drug-
resistant tuberculosis [59]. It has reasonable activity on M. ulcerans in vitro [34], 
and in an animal model, the 6-week combination of clofazimine and rifampin gave 
relapse-free cure [60]; increasing the dosage of rifampin provided cure with an even 
shorter duration of treatment [46]. The drug has a long half-life and causes a yellow-
orange discoloration of skin, especially in individuals with fair skin color. An early 
clinical trial with clofazimine monotherapy failed to show benefit [61], although a 
small observational study later suggested improved outcome [62].

T. S. van der Werf et al.
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Bedaquiline, a core drug in the management of drug-resistant tuberculosis, 
appears highly active on M. ulcerans in vitro and in vivo [22], but there are no data 
from clinical interventional or observational studies.

Linezolid, yet another core anti-tuberculosis drug for drug-resistant tuberculosis, 
with important toxicity (especially, polyneuropathy) with increasing drug exposure 
[63] has moderate activity on M. ulcerans in vitro [22], but there are no clinical 
studies to support its use in patients with M. ulcerans infection.

Telacebec is a compound that has recently drawn much attention due to its 
extremely high efficacy on M. ulcerans in vitro [64] potentially holding a promise 
for an extremely short treatment duration [22, 65], but further clinical studies are 
required to assess its safety and efficacy. In pregnancy, only rifampin should be 
considered fully safe; animal experiments suggest that beta-lactams might be an 
option [66] for these special patient groups, but to date, no clinical reports have 
confirmed that this approach might be effective.

45.2.6	 �Drug Treatment With Combinations of Antimicrobial 
Agents and Treatment Duration

After a systematic review was published reviewing the evidence emerging from 
clinical studies [20], the earlier mentioned large clinical trial was published [9]. It 
showed that fully oral treatment with rifampin and clarithromycin ER resulted in a 
high cure rate, non-inferior to the combination of rifampin and streptomycin injec-
tions. Based on an earlier pharmacokinetic study [40] in the framework of the 
BURULICO trial [8], at the time of the study design, the choice was made to 
increase the total dose of clarithromycin by providing 15 mg/kg in an ER formula-
tion. Unpublished data based on a pharmacokinetic analysis of dried blood spots in 
a limited group of study participants showed that drug exposure was still limited 
with even slightly lower peak serum concentrations reached (Klis et al, unpublished 
data); we therefore believe that the double dosing in ER form has no clear advantage 
over immediate release formulations and that perhaps 10  mg/kg clarithromycin 
might be an appropriate dose. Importantly, with the treatment schedule used in the 
trial, there was no evidence of bacteriological failure among the few study partici-
pants that failed to have their lesions healed at the pre-defined time point 52 weeks 
after start of treatment; see Fig. 45.4.

As mentioned earlier, the dosage of rifampin might also be worthwhile to be 
increased to e.g., 15 mg/kg, as this is clearly to be considered safe and perhaps 
slightly more effective. A fixed drug combination of rifampin and clarithromycin 
with slightly higher dosing might be the way forward, also to prevent monotherapy 
under service conditions. Even though drug resistance is still extremely rare, also 
considering the fact that there is hardly any antimicrobial pressure on the reservoir 
of the organism that is clearly environmental, drug combinations are the preferred 
approach to combat M. ulcerans infection; clarithromycin is to be considered as a 
companion drug to prevent treatment failure during monotherapy. Treatment dura-
tion has been chosen based on one single experiment in which pharmacotherapy 
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with at least 4-week duration resulted in sterilizing effects on lesions that were 
subsequently excised and cultured [7]. In lesions <10 cm cross-sectional diameter, 
treatment failure was rare [8, 9], and generally, drug treatment outcome has been 
beneficial [13, 35–37]. Whether larger lesions require longer treatment duration has 
remained an unresolved question, and the question whether shorter treatment dura-
tion in small lesions is acceptable or even preferable has not been addressed in clini-
cal studies to date. Clinical observations suggest that at least some patients with 
small lesions do well with less than 8 weeks of treatment [67]. Whether high-dose 
rifampin or combinations with telacebec facilitate much shorter treatment duration 
should be explored in future studies.

Fluoroquinolones have been used in observational studies in Australia, with gen-
erally good outcome, though in elderly patients, drug intolerance has been a con-
cern [68]. The updated Australian guideline mentions fluoroquinolones as a 
treatment option [69], but the current WHO guideline does not encourage their use 
[70]. Treatment during pregnancy remains difficult; in the earlier mentioned trial, 
one female study participant appeared to be pregnant at week 6 of the study medica-
tion which was rifampin-clarithromycin ER in her case; in consultation with the 
study team, she decided to continue the treatment, with no adverse effects on mater-
nal and fetal outcome, but clearly there is a small but significant risk for fetal dam-
age of macrolides like clarithromycin during pregnancy [49]. Alternative treatment 
options like surgical resection or topical heat treatment might be an option 
(see below).

45.3	 �Topical Treatments

45.3.1	 �Surgical Resection

Surgical resection has been reported from the 1950s in the then Belgian Congo, now 
DR Congo [71], and Uganda [72]. As mentioned earlier, surgery alone, even with 
resection of margins of apparently healthy tissue, still results in residual bacterial 
load in the resection margins [73], while surgery as monotherapy has been associ-
ated with variable but overall, appreciable recurrence and failure rates [11, 12]. 
Earlier published guidelines have therefore recommended adding antimicrobial 
therapy to surgery [56], while there has been a shift to recommend all-oral treatment 
as the first treatment option [69, 70].

The results of the largest ever trial evaluating fully oral antimicrobial treatment 
compared to the rifampin/streptomycin combination revealed that in neither of the 
treatment arms, resection surgery was necessary to obtain cure without relapse, 
assessed 12 months after start of therapy [9]; indeed none of 297 with 2404 PCR-
confirmed M. ulcerans infection needed resection, and only 4 (2 in each arm) needed 
skin grafting. This finding questions the ongoing practice in many locales where 
surgery is still common practice, not only in Africa [74] but also in Victoria, 
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Australia [75]. Only one study addressed the question of timing of surgery; in the 
treatment guideline published by the WHO in 2012 [70], surgery timing was sug-
gested to be performed after at least 4 weeks of antimicrobial therapy, but in most 
centers in Africa, surgery is usually planned around the end of 8 weeks of antimi-
crobial therapy. In a study conducted in Benin—the only study to date, to evaluate 
the role of surgery, study participants were randomized for the timing between this 
time point—at week 8 after start of therapy or, a delay of that decision, until week 
14 after start of therapy. Fifty-five (96%) of 57 participants in the delayed-decision 
group and 52 (90%) of 58 participants in the standard-care group had healed lesions 
1 year after start of antimicrobial treatment; 37 (67%) of 55 patients in the delayed-
decision group had their lesions healed without surgical intervention, as did 25 
(48%) of 52 in the standard-care group (RR 1·40, 95% CI 1·00–1·96). The time to 
heal and residual functional limitations did not differ between the two groups. 
Postponing the decision to operate resulted in a marked and significant reduction in 
the duration of hospitalization and wound care; indeed, delaying decisions to oper-
ate was highly beneficial [76]. In summary, the role of surgery has been overesti-
mated in the past [14], and despite advocates to point at potential benefits—albeit 
for Victoria, Australia that has witnessed an unprecedented outbreak of BU [77], we 
believe the case in favor of antimicrobial treatment and against surgery to achieve 
cure for BU disease is really strong now. It goes without saying that limited debride-
ment, skin grafting, and plastic and reconstructive surgery may be beneficial for 
selected patients, especially those with advanced tissue destruction and contrac-
tures; whether osteomyelitis complicated by sequesters needs surgery has not been 
addressed in the literature.

45.3.2	 �Heat Treatment

Mycobacterium ulcerans typically grows at temperatures below the core tempera-
ture of humans; temperatures above 37°C harm the bacilli, and heat treatment by 
topical application has been pilot-tested for lesions on limbs [15, 78]. Based on 
these pilot studies, a larger study enrolled 65 participants with category I-III lesions 
(for definitions of categories, see Chap. 42). The heating device used contains 
sodium acetate trihydrate, a phase-change material that can quickly be reheated by 
boiling water, and cannot exceed temperatures above 56°C. The device is easily 
rechargeable; it provides a skin temperature at around 40°C, for around 10 h/day. In 
all, 63 patients were started on topical heat treatment; 52 individuals had PCR-
confirmed BU disease; treatment duration varied from 42 to 56  days. Limited 
debridement surgery was allowed; to the 12 patients that eventually failed, standard 
antimicrobial therapy was provided [79]. The treatment was well tolerated and 
accepted by patients and their guardians. The authors argue that their treatment has 
efficacy that is comparable to reported results from clinical trials with antimicrobial 
therapy, but their phase II study was not a randomized comparison with antimicro-
bial treatment.
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45.3.3	 �Dressings; Topical Substances; Traditional Treatments

Wound care is essential for patients with BU; in Africa and in Australia, the vast 
majority of patients have ulcerated lesions at any point in time; see, e.g., Fig. 45.3. 
Wound treatment guidelines that apply to a wide range of skin lesions have been 
provided by the WHO [80]. Sufficient general care for patients, addressing nutri-
tional status, and preventing anemia and uncontrolled hyperglycemia in patients 
with diabetes are all essential; see Fig. 45.1. Next, rinsing and cleaning of wound 
service using saline, if necessary, adding careful limited wound debridement using 
analgesics, and regular dressing changes (Figs. 45.2, 45.3, 45.4, 45.5); prevention 
and treatment of lymphoedema by appropriate compression therapy (Fig.  45.6); 
using absorptive dressing materials in discharging wounds; and applying non-adhe-
sive wound cover especially when the wound service is not discharging are all con-
sidered part of standard wound care (see Fig. 45.6). In rural Africa, knowledge and 
practice around wound care differ widely in clinical practice across treatment cen-
ters for BU [81]. Although BU typically presents as a painless ulcer in early stages, 
many patients experience considerable pain and anxiety related to wound care, 
especially dressing changes [82]. Knowledge and practice to relieve and prevent 
procedural pain need improvement [83], and former patients indicated that this 
aspect needs more attention [84].

Fig. 45.1  ‘Look at the whole before looking at the hole’: right hand side showing pallor reflecting 
anemia in a patient with long-standing Buruli ulcer; optimized nutritional support, deworming and 
malaria treatment are all essential for adequate wound healing
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Many patients seek relief by traditional treatments including herbal topical dress-
ings [85]. No randomized studies have been published to date, and most authors 
believe that it merely delays starting effective treatment [19].

Wound microbiota in BU are different from non-BU lesions [86]. Moreover, BU 
may be secondarily contaminated and/or infected by a diversity of organisms like 
P. aeruginosa and S. aureus [87] some of which carry resistance and virulence fac-
tors [88]. Whether these secondary infections cause delayed wound healing or not 
is currently uncertain; the practice around assumed secondary infection varies 
widely across treatment centers and is more often than not irrational and ineffec-
tive [89].

2 4

6 8

0

40

Fig. 45.2  Fully oral treatment with clarithromycin-rifampicin for 8 weeks has become the new 
standard treatment in Africa

Fig. 45.3  Patient enrolled in 
a drug trial; plaque, PCR-
confirmed as M. ulcerans 
infection located at the right 
lateral aspect of the trunk. 
Patient was followed from 
week 0; ulcer developing at 
week 6, clearly larger at week 
8, but eventually healed at 
week 28; stable scar recorded 
at week 40. Without repetitive 
trauma, these lesions heal, 
even if dressing changes are 
irregular or sub-optimal
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45.4	 �Supportive Measures

Early detection and prompt treatment with currently available interventions, such as 
those described above, are critically important to achieve prompt and uncompli-
cated healing. Health-seeking behavior is complex and generally poorly understood; 
many drivers for delay in health seeking in health institutions have been identified 
including stigma, fear for mutilating surgery, and traditional beliefs and attitudes 
favoring traditional treatment [19, 90, 91].

0 4 8 12

16 20 36 52

Fig. 45.4  Patient enrolled in drug trial, with PCR-confirmed M. ulcerans infection at the lateral 
malleolus of right foot; necrotic slough, purulent aspect at week 8; granulating surface at week 12. 
Partial healing with shallow ulceration still present at week 16; non-epithelialized shallow lesion 
at week 52, classified as failure, according to strict definitions used in the trial; the study team 
suspected that the lesion did not represent residual M. ulcerans infection, but rather non-healing as 
a result of limited compliance with topical dressings treatment and recurrent trauma

0 4 8 12

16 28 36 52

Fig. 45.5  Patient with M. ulcerans infection located at the lateral aspect of the right knee, enrolled 
in a drug trial. Although lesions located at joints run an increased risk for development of contrac-
tures, resulting in functional limitations, Prevention of Disability activities under trial conditions 
appeared effective, with negligible functional disabilities among study participants. At week 0, 
necrotic slough is clearly present; paradoxical enlargement of the lesion appears at week 4, with 
edema present; lesion stabilizes at around week 26, while at week 28, the lesion is almost complete 
epithelialized; stable scar with excellent functional results at completion of follow-up at week 52
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Active case finding in highly endemic regions appears to reduce the number of 
individuals with advanced disease [92]. Indeed, antimicrobial treatment started 
early on has tremendous potential to prevent disabilities, resulting in excellent qual-
ity of life [93] and societal participation and inclusion [94]. Patient delay may ulti-
mately be the hurdle to take, to optimize outcome. Fear for disfiguring surgery kept 
some patients from reporting timely [19, 90], but the good news from recent work 
is that disfiguring resection surgery is no longer necessary to achieve relapse-free 
cure, without severe sequelae.

45.5	 �Comorbidities and Coinfections

The large trials providing the evidence for the effect of drug treatment for BU 
excluded potential study participants with many comorbid conditions. Drug expo-
sure—the result of resorption, distribution, and elimination—is described by the 
pharmacokinetics (PK) of each individual drug. PK may change with comorbid 
conditions like diabetes and obesity [42]. Drug-drug interactions are common with 
rifampin and clarithromycin, and comedications are common with these comorbid 
conditions, especially with HIV [95]. Like in HIV co-infected patients with tuber-
culosis, protease inhibitors cannot be combined with rifampin. Otherwise, the same 
principles for treatment apply to patients with BU and comorbid conditions [96], 
although the evidence base to guide treatment for co-infected patients is small.

Fig. 45.6  Large Buruli ulcer lesion involving almost the entire right leg. Pain management during 
wound care is essential; topical treatment includes careful saline rinsing, application of non-
adhesive cover with paraffine or vaseline gauze; absorptive dressing material, with gentle compres-
sion bandage, preferably using short-stretch bandage. Prevention of Disabilities that may also 
require careful pain management, following the WHO pain ladder, includes physiotherapy, in 
order to prevent contracture and functional limitation. In lesions of this size, split skin grafting 
helps to speed up healing
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45.6	 �Conclusions

The case for early detection and prompt treatment with a combination of antimicro-
bial drugs, primarily, rifampin and clarithromycin, offers an excellent chance of 
relapse-free healing, with minimal chance of residual functional limitations; median 
time to healing even with small category I–II lesions remains a concern, even if sup-
portive treatment with appropriate wound care and measures to prevent contractures 
are optimized. Treatment duration less than 8 weeks has been anecdotally reported, 
but formal studies have not addressed the question of optimal treatment duration for 
different categories or presentations of BU disease. In advanced lesions, there may 
be a place for additional surgery; the role of surgery to obtain cure has become 
obsolete, apart from special circumstances, e.g., in pregnant patients, who might 
also benefit from topical heat treatment.
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