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Chapter 1

Buruli ulcer 

Buruli ulcer is a neglected tropical skin disease, caused by infection with Mycobacterium 

ulcerans (1). The disease was first described in 1897 by Albert Ruskin Cook, a medical mis-
sionary in Uganda. He described a number of cases of large, slow-healing skin ulcers. An 
infectious etiology was suspected, but could not yet be demonstrated. In 1948 MacCal-
lum described a series of slow healing ulcers in the Bairnsdale district of Victoria, Australia, 
where the margins were “teeming with acid-fast bacilli”, establishing “a new mycobacte-
rial infection in man”, next to the then well-known and feared mycobacterial diseases of 
tuberculosis and leprosy, and named the species Mycobacterium ulcerans (2).

In the late 1950s and early 1960s, a large outbreak occurred in the Buruli district of 
Uganda (3), and the disease became known as Buruli ulcer. For reasons not fully understood, 
the disease prevalence in East Africa gradually declined, until it disappeared completely 
and the epicentre of the disease moved to West Africa, where the first large outbreaks were 
documented in Ghana and Benin in the 1980s (4, 5). Buruli ulcer has been reported in 32 
countries, with the majority of cases occurring in West Africa, with an estimated annual 
incidence of between 6.000 and 10.000 cases (6). It is a predominantly rural disease, with 
a highly focal epidemiology. In most endemic areas, children are more affected than adults 
(7, 8). The mode of transmission is not fully understood.  Transmission appears to be related 
to environmental exposure (9), and human to human transmission has only been described 
twice (10, 11). Proximity of outbreaks to slow-flowing or stagnant water has raised suspicion 
of an aquatic reservoir (12, 13), and mosquitoes and domestic animals have also been im-
plicated (13, 14). In addition, the exposure of unprotected skin to the environment, possibly 
in combination with skin trauma, appears to play a role (15, 16).

After an estimated incubation period of several–usually 3–4 – months (17), the 
disease usually starts with a firm but painless nodule. This is followed by induration and 
ulceration of the surrounding skin. The tissue necrosis is caused by production of myco-
lactone, a polyketide toxin. A typical Buruli ulcer is characterised by undermined edges, 
indurated skin, and yellow slough. In the absence of osteomyelitis, systemic symptoms 
such as malaise or fever are usually absent. The disease is usually self-limiting, but can 
result in extensive lesions causing scars and contractures leading to severe functional 
limitations (18–20). In rare cases, amputations are necessary. 

The combined features of an exsudative ulcer with undermined edges, surround-
ed by indurated skin, when found in a patient from an endemic area, allow for a relatively 
accurate clinical diagnosis. M. ulcerans is notoriously difficult to culture, and when suc-
cessful requires 1 two 2 months for confirmation. This limits the usefulness of culture to 
research purposes. Laboratory confirmation of the diagnosis can be obtained through 
microscopy and Ziehl-Neelsen staining of biopsies, or through detection of M. ulcerans 

DNA the insertion sequence IS2404 using Polymerase Chain Reaction (PCR), which is 
gradually replacing microscopy (21). 
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An early trial of monotherapy with clofazimine proved unsuccessful (22), and 
surgical excision long remained the only treatment option. From the early 2000s on-
wards, evidence started to emerge on the efficacy of combination therapy with injected 
streptomycin and oral rifampicin (23, 24). Currently, the World Health Organisation (WHO) 
recommends eight weeks of streptomycin and rifampicin therapy, and this regimen has 
been proven to result in high rates of cure (25).

In early 1998 the WHO founded the Global Buruli Ulcer Initiative and later that 
year a conference in Yamoussoukro, Ivory Coast led to the Yamoussoukrou declaration; an 
affirmation of support to research and control efforts for Buruli ulcer. In 2004, the World 
Health Assembly adopted a resolution on Buruli ulcer, calling for increased efforts in sur-
veillance, control and case management. These developments have led to an increased 
humanitarian and scientific interest in the disease, which among other things have 
yielded successful drug treatment, reliable diagnostics, and national control programmes 
in some of the most affected countries.

However, several challenges remain. Although drug treatment is successful, it is 
lengthy and painful. In addition, for patients to fully benefit from this drug treatment, they 
should report to the hospital early to prevent hospitalisation, and the disabling conse-
quences of the disease. When hospitalised, they should receive a high standard of wound 
care, in order to prevent super-infections of the wound and reduce the time to healing. 
In this thesis, we studied these aspects of Buruli ulcer case management. In the following 
sections, we introduce studies on refining the drug treatment for Buruli ulcer, assessing 
and improving wound care, and evaluating public health aspects of the disease.

Drug therapy for Buruli ulcer

The current WHO-recommended drug treatment for Buruli ulcer is eight weeks of intra-
muscular streptomycin and oral rifampicin. Although this regimen is highly successful 
in clearing the infection, it suffers from several shortcomings. Streptomycin administra-
tion requires 56 days of consecutive intramuscular injections, which are not only painful, 
but also pose a risk of infection at the injection site. In addition, they require the presence 
of a health care facility, or at least of trained personnel, often forcing patients to travel 
several hours daily, mostly by foot, to the nearest health care facility. Third, streptomycin, 
when administered over long periods of time, can cause damage to the inner ear and kid-
neys (26–29). In chapter 2, we describe a study on the long-term effects of streptomycin 
on the hearing and kidney function of former BU patients.

The currently recommended duration of drug treatment for Buruli ulcer is 8 weeks. 
This duration is based on a study where Buruli ulcer lesions were excised after increas-
ing periods of antimicrobial therapy. In this study, no M. ulcerans could be cultured af-
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ter at least 4 weeks of antimicrobial therapy (24). Based on expert opinion, the period 
of 8 weeks was then chosen to establish a safety margin. Reducing the number of days 
of treatment, however, would reduce costs, adverse medication effects, and discomfort 
and time spent walking and waiting for streptomycin injections. If treatment duration  
could be tailored to the need of each individual patient, perhaps treatment compliance 
could be improved as well. A recent study in Buruli ulcer patients from Australia suggests 
that selected patients will heal when treated for shorter periods of time (30). In chapter 3, 
we describe a follow-up of a group of Buruli ulcer patients from Ghana that, because they 
defaulted from antimicrobial therapy, has not received the full 8 weeks of antibiotics.

Whether drug therapy can be shortened or not, an oral regimen for Buruli ulcer 
treatment is urgently needed. In the mouse footpad model for Buruli ulcer, combination 
therapy of rifampicin and clarithromycin has been demonstrated to be effective (31). Its 
efficacy was further demonstrated in a small pilot study (32), and in a larger drug trial, 
where patients were randomised to receive either 8 weeks of streptomycin and rifampi-
cin or 4 weeks of streptomycin and rifampicin followed by 4 weeks of clarithromycin and 
rifampicin (25). Currently, a randomised controlled trial comparing 8 weeks of streptomy-
cin and rifampicin to 8 weeks of clarithromycin and rifampicin is ongoing (33).

Although the clinical response to clarithromycin and rifampicin combination 
therapy is promising, a pharmacokinetic side study to the previous drug trial found 
significant interactions between these drugs. Rifampicin induces hepatic enzymes that 
quickly metabolise clarithromycin, yielding sub-optimal serum concentrations (34). 
Therefore, in the current drug trial, a double dosage of clarithromycin was given in an 
extended release formulation next to rifampicin. Chapter 4 describes the pharmacoki-
netics of this combination.

Other oral antibiotics have also been proven effective against Buruli ulcer in vivo 
and in vitro (35). Among these, the fluoroquinolones have been used extensively in Aus-
tralia (30, 36, 37). It has been argued that compared to clarithromycin, these antibiotics 
are to be preferred, especially for their presumed usefulness in the event of Buruli ulcer-
tuberculosis co-infection, a disease combination which has not yet been described in the 
literature to date (38). Although these drugs do not suffer from the pharmacokinetic 
interaction mentioned above, we believe there are several disadvantages to their use, 
which we discuss in chapter 5.

Sometimes during drug therapy for Buruli ulcer, a transient increase of the size 
of the lesions occurs. These paradoxical reactions are thought to represent an immune 
response that occurs after the production of the immunosuppressant toxin mycolactone 
has been inhibited by antimicrobial therapy (39–41). However, these reactions are poorly 
understood and it is not clear if a change of management consisting of additional antibi-
otics, corticosteroids or surgery is warranted (42). In chapter 6 we study the risk factors 
and outcomes of paradoxical reactions in a cohort of Buruli ulcer patients.
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Wound care

Despite effective antimicrobial therapy, most Buruli ulcer patients are still faced with 
large, slow healing ulcers (41). In order to optimize time to healing and prevent wound 
infections, a high standard of wound care is essential. The WHO has published guidelines 
for wound care in Buruli ulcer, stressing the importance of protecting the wound from the 
environment, maintaining a clean wound bed, and maintaining a moist wound environ-
ment (43, 44). However, little is known on how these guidelines can be implemented 
in endemic countries. Therefore, in chapter 7, we report on the current standard of 
wound care in a sample of several Buruli ulcer treatment centers and associated health 
centers in Ghana and Benin.

To date, only gauze dressings have been used for Buruli ulcer wound care, as these 
are cheap and easily available. Gauze dressings have several disadvantages, as a moist 
wound environment cannot be maintained, and the removal of dried-out gauze from 
a wound causes pain and bleeding, and disrupts fibroblasts and epithelial cells and 
therefore, tissue repair (45–47). Experience from the treatment of chronic ulcers in West-
ern countries has shown that modern, more absorbent foam-containing dressings can 
maintain a moist environment and do not disturb tissue repair (48–50). In addition, these 
materials can remain on exudative wounds for a longer period of time, conceptually re-
ducing staff time, travel time and patient discomfort. In chapter 8, we report on a pilot 
with a hydrofoam dressing in Buruli ulcer patients in an endemic area in Ghana.

A high standard of wound care, particularly hygiene, is important in order for the 
wounds not to become infected. Secondary infection of BU Buruli ulcer lesions by other 
pathogens has been assumed to be a rare event. However the prevalence of this super-
infection is unknown. In addition, colonization of wounds with other bacteria without 
clear signs of infection might also increase the time to healing. On the other hand, Buruli 
ulcer patients already receive an intensive course of antibiotics, and further administra-
tion of antibiotics should be reserved for those cases where the clinical suspicion of 
a secondary, complicating infection is high. A rationale for the diagnosis and treatment of 
super-infections is desirable. Therefore, in chapter 9 we present findings on Buruli ulcer 
super-infections, and a culture-based guideline for antimicrobial treatment.

Public health aspects

In spite of all recent scientific advances, the burden of Buruli ulcer on patients and en-
demic districts remains high (51–53). Loss of productivity caused by lengthy hospital stays 
is a concern, as are the disabling contractures that frequently occur. As with many diseases 
in underprivileged areas of the world, a key limitation to effective treatment and preven-
tion of these disabilities is late presentation. Although Buruli ulcer treatment is provided 
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free of charge in Ghana and Benin, fear of costs for transportation and hospitalisation are 
a barrier to early presentation. Patients often resort to methods of traditional healing be-
fore visiting the hospital. Late presentation might also result from the stigma surrounding 
the disease, and fears of the consequences of treatment, such as amputation (54–56). 

Community based liaisons are an important tool both for combating this stigma 
and misinformation, and for early detection of BU cases (57, 58). Previous experience 
with these community based surveillance volunteers in other infectious diseases, such as 
Guinea worm, has shown to be highly effective (59). In contrast to health care personnel, 
they are trusted members of the target community. Conceptually, these volunteers may 
help detect Buruli ulcer  in an early stage. They are present in their community on a daily 
basis, whereas outreach teams might visit a certain community only once every few 
weeks. In chapter 10 we describe the nature and impact of a network of community 
based surveillance volunteers in a highly endemic district in Ghana.

Once the patient has reported to the health care system and drug therapy has 
been initiated, it should be completed as prescribed. Experience from tuberculosis 
indicates that in spite of directly observed therapy, there is a significant risk for non-
compliance (60). The administration of streptomycin through injections forces patients to 
visit the health care center, and in this way provides a form of monitoring by health care 
personnel. These injections will likely be replaced by an oral regimen in the near future, 
raising concerns about monitoring adherence to therapy. Chapter 11 presents the first 
data on therapy compliance and risk factors for non-compliance in Buruli ulcer.

It has been well established that Buruli ulcer can cause severe functional limita-
tions due to scarring and contractures that persist long after treatment has been com-
pleted. These Buruli ulcer sequelae can cause problems in different areas of life such as 
work, schooling, and social and romantic relationships (18, 19). However, the severity of 
these sequelae might be reduced by early treatment of small lesions, resulting in mini-
mal scarring and functional limitations. In Chapter 12 we present the first data on the 
long-term quality of life of former Buruli ulcer patients with small lesions that took part 
in a drug trial in Ghana.



14

Introduction and outline of the Thesis

References

 1. Portaels F, Silva MT, Meyers WM. Buruli ulcer. Clin Dermatol. 2009 May-Jun;27(3):291–305.

 2. MacCallum P, Tolhurst JC. A new mycobacterial infection in man. J Pathol Bacteriol. 1948 Jan;60(1):93–122.

 3. Clancey JK. Mycobacterial Skin Ulcers in Uganda: Description of a New Mycobacterium (Mycobacte-

rium Buruli). J Pathol Bacteriol. 1964 Jul;88:175–87.

 4. van der Werf TS, van der Graaf WT, Groothuis DG, Knell AJ. Mycobacterium ulcerans infection in Ashanti 

region, Ghana. Trans R Soc Trop Med Hyg. 1989 May-Jun;83(3):410–3.

 5. Muelder K, Nourou A. Buruli ulcer in Benin. Lancet. 1990 Nov 3;336(8723):1109–11.

 6. Buruli Ulcer Fact Sheet [Internet].; 2013 []. Available from: http://www.who.int/mediacentre/fact-

sheets/fs199/en/.

 7. Huang GK, Johnson PD. Epidemiology and management of Buruli ulcer. Expert Rev Anti Infect Ther. 

2014 Jul;12(7):855–65.

 8. Vincent QB, Ardant MF, Adeye A, Goundote A, Saint-Andre JP, Cottin J, et al. Clinical epidemiology of 

laboratory-confirmed Buruli ulcer in Benin: a cohort study. Lancet Glob Health. 2014 Jul;2(7):e422–30.

 9. Merritt RW, Walker ED, Small PL, Wallace JR, Johnson PD, Benbow ME, et al. Ecology and transmission 

of Buruli ulcer disease: a systematic review. PLoS Negl Trop Dis. 2010 Dec 14;4(12):e911.

 10. Exner K, Lemperle G. Buruli ulcer--necrotizing infection of the hand of a plastic surgeon. Handchir 

Mikrochir Plast Chir. 1987 Jul;19(4):230–2.

 11. Debacker M, Zinsou C, Aguiar J, Meyers W, Portaels F. Mycobacterium ulcerans disease (Buruli ulcer) 

following human bite. Lancet. 2002 Dec 7;360(9348):1830.

 12. Bratschi MW, Ruf MT, Andreoli A, Minyem JC, Kerber S, Wantong FG, et al. Mycobacterium ulcerans per-

sistence at a village water source of Buruli ulcer patients. PLoS Negl Trop Dis. 2014 Mar 27;8(3):e2756.

 13. Narh CA, Mosi L, Quaye C, Dassi C, Konan DO, Tay SC, et al. Source tracking Mycobacterium ulcerans 

infections in the Ashanti region, Ghana. PLoS Negl Trop Dis. 2015 Jan 22;9(1):e0003437.

 14. Fyfe JA, Lavender CJ, Handasyde KA, Legione AR, O’Brien CR, Stinear TP, et al. A major role for mammals 

in the ecology of Mycobacterium ulcerans. PLoS Negl Trop Dis. 2010 Aug 10;4(8):e791.

 15. Raghunathan PL, Whitney EA, Asamoa K, Stienstra Y, Taylor TH,Jr, Amofah GK, et al. Risk factors for 

Buruli ulcer disease (Mycobacterium ulcerans Infection): results from a case-control study in Ghana. 

Clin Infect Dis. 2005 May 15;40(10):1445–53.

 16. Jacobsen KH, Padgett JJ. Risk factors for Mycobacterium ulcerans infection. Int J Infect Dis. 2010 

Aug;14(8):e677–81.

 17. Trubiano JA, Lavender CJ, Fyfe JA, Bittmann S, Johnson PD. The incubation period of Buruli ulcer 

(Mycobacterium ulcerans infection). PLoS Negl Trop Dis. 2013 Oct 3;7(10):e2463.

 18. Stienstra Y, van Roest MH, van Wezel MJ, Wiersma IC, Hospers IC, Dijkstra PU, et al. Factors associated 

with functional limitations and subsequent employment or schooling in Buruli ulcer patients. Trop 

Med Int Health. 2005 Dec;10(12):1251–7.

 19. Barogui Y, Johnson RC, van der Werf TS, Sopoh G, Dossou A, Dijkstra PU, et al. Functional limitations 

after surgical or antibiotic treatment for Buruli ulcer in Benin. Am J Trop Med Hyg. 2009 Jul;81(1):82–7.

http://www.who.int/mediacentre/factsheets/fs199/en/
http://www.who.int/mediacentre/factsheets/fs199/en/


15 

Chapter 1

 20. Schunk M, Thompson W, Klutse E, Nitschke J, Opare-Asamoah K, Thompson R, et al. Outcome of 

patients with buruli ulcer after surgical treatment with or without antimycobacterial treatment 

in Ghana. Am J Trop Med Hyg. 2009 Jul;81(1):75–81.

 21. Beissner M, Herbinger KH, Bretzel G. Laboratory diagnosis of Buruli ulcer disease. Future Microbiol. 

2010 Mar;5(3):363–70.

 22. Revill WD, Morrow RH, Pike MC, Ateng J. A controlled trial of the treatment of Mycobacterium ulcerans 

infection with clofazimine. Lancet. 1973 Oct 20;2(7834):873–7.

 23. Chauty A, Ardant MF, Adeye A, Euverte H, Guedenon A, Johnson C, et al. Promising clinical efficacy of 

streptomycin-rifampin combination for treatment of buruli ulcer (Mycobacterium ulcerans disease). 

Antimicrob Agents Chemother. 2007 Nov;51(11):4029–35.

 24. Etuaful S, Carbonnelle B, Grosset J, Lucas S, Horsfield C, Phillips R, et al. Efficacy of the combination 

rifampin-streptomycin in preventing growth of Mycobacterium ulcerans in early lesions of Buruli 

ulcer in humans. Antimicrob Agents Chemother. 2005 Aug;49(8):3182–6.

 25. Nienhuis WA, Stienstra Y, Thompson WA, Awuah PC, Abass KM, Tuah W, et al. Antimicrobial treatment 

for early, limited Mycobacterium ulcerans infection: a randomised controlled trial. Lancet. 2010 Feb 

20;375(9715):664–72.

 26. McCracken GH,Jr. Aminoglycoside toxicity in infants and children. Am J Med. 1986 Jun 30;80(6B):172–8.

 27. Peloquin CA, Berning SE, Nitta AT, Simone PM, Goble M, Huitt GA, et al. Aminoglycoside toxicity: 

daily versus thrice-weekly dosing for treatment of mycobacterial diseases. Clin Infect Dis. 2004 Jun 

1;38(11):1538–44.

 28. Selimoglu E. Aminoglycoside-induced ototoxicity. Curr Pharm Des. 2007;13(1):119–26.

 29. de Jager P, van Altena R. Hearing loss and nephrotoxicity in long-term aminoglycoside treatment 

in patients with tuberculosis. Int J Tuberc Lung Dis. 2002 Jul;6(7):622–7.

 30. Cowan R, Athan E, Friedman ND, Hughes AJ, McDonald A, Callan P, et al. Mycobacterium ulcerans 

treatment--can antibiotic duration be reduced in selected patients? PLoS Negl Trop Dis. 2015 Feb 

6;9(2):e0003503.

 31. Almeida D, Converse PJ, Ahmad Z, Dooley KE, Nuermberger EL, Grosset JH. Activities of rifampin, 

Rifapentine and clarithromycin alone and in combination against mycobacterium ulcerans disease 

in mice. PLoS Negl Trop Dis. 2011 Jan 4;5(1):e933.

 32. Chauty A, Ardant MF, Marsollier L, Pluschke G, Landier J, Adeye A, et al. Oral treatment for Mycobacte-

rium ulcerans infection: results from a pilot study in Benin. Clin Infect Dis. 2011 Jan;52(1):94–6.

 33. WHO Drug Study for Buruli Ulcer–Comparison of SR8 and CR8. In: ClinicalTrials.gov. NLM Identifier: 

NCT01659437 [Internet].; 2013 []. Available from: http://clinicaltrials.gov/show/NCT01659437.

 34. Alffenaar JW, Nienhuis WA, de Velde F, Zuur AT, Wessels AM, Almeida D, et al. Pharmacokinetics of 

rifampin and clarithromycin in patients treated for Mycobacterium ulcerans infection. Antimicrob 

Agents Chemother. 2010 Sep;54(9):3878–83.

 35. Ji B, Lefrancois S, Robert J, Chauffour A, Truffot C, Jarlier V. In vitro and in vivo activities of rifampin, 

streptomycin, amikacin, moxifloxacin, R207910, linezolid, and PA-824 against Mycobacterium ulcer-

ans. Antimicrob Agents Chemother. 2006 Jun;50(6):1921–6.

http://clinicaltrials.gov/show/NCT01659437


16

Introduction and outline of the Thesis

 36. O’Brien DP, McDonald A, Callan P, Robson M, Friedman ND, Hughes A, et al. Successful outcomes with 

oral fluoroquinolones combined with rifampicin in the treatment of Mycobacterium ulcerans: an 

observational cohort study. PLoS Negl Trop Dis. 2012 Jan;6(1):e1473.

 37. Gordon CL, Buntine JA, Hayman JA, Lavender CJ, Fyfe JA, Hosking P, et al. All-oral antibiotic treatment 

for buruli ulcer: a report of four patients. PLoS Negl Trop Dis. 2010 Nov 30;4(11):e770.

 38. O’Brien DP, Comte E, Ford N, Christinet V, du Cros P. Moxifloxacin for Buruli ulcer/HIV coinfected pa-

tients: kill two birds with one stone? AIDS. 2013 Sep 10;27(14):2177–9.

 39. O’Brien DP, Robson M, Friedman ND, Walton A, McDonald A, Callan P, et al. Incidence, clinical spec-

trum, diagnostic features, treatment and predictors of paradoxical reactions during antibiotic treat-

ment of Mycobacterium ulcerans infections. BMC Infect Dis. 2013 Sep 5;13:416,2334–13–416.

 40. Sambourg E, Dufour J, Edouard S, Morris A, Mosnier E, Reynaud Y, et al. Paradoxical reactions and 

responses during antibiotic treatment for Mycobacterium ulcerans infection (Buruli ulcer). Four cases 

from French Guiana. Ann Dermatol Venereol. 2014 Jun-Jul;141(6–7):413–8.

 41. Nienhuis WA, Stienstra Y, Abass KM, Tuah W, Thompson WA, Awuah PC, et al. Paradoxical responses 

after start of antimicrobial treatment in Mycobacterium ulcerans infection. Clin Infect Dis. 2012 Feb 

15;54(4):519–26.

 42. Friedman ND, McDonald AH, Robson ME, O’Brien DP. Corticosteroid use for paradoxical reactions 

during antibiotic treatment for Mycobacterium ulcerans. PLoS Negl Trop Dis. 2012;6(9):e1767.

 43. Lehman L, Simonet V, Saunderson P, Agbenorku P. Buruli ulcer: prevention of disability (POD). 1st ed. 

Geneva: World Health Organisation; 2006.

 44. Macdonald J.M. GMJ. Wound and lymphoedema management. Geneva: World Health Organisation; 2010.

 45. Lee JC, Kandula S, Sherber NS. Beyond wet-to-dry: a rational approach to treating chronic wounds. 

Eplasty. 2009;9:e14.

 46. Ovington LG. Hanging wet-to-dry dressings out to dry. Home Healthc Nurse. 2001 Aug;19(8):477,83; 

quiz 484.

 47. Lait ME, Smith LN. Wound management: a literature review. J Clin Nurs. 1998 Jan;7(1):11–7.

 48. Beldon P. Comparison of four different dressings on donor site wounds. Br J Nurs. 2004 Mar;13(6 

Suppl):S38–45.

 49. Chang KW, Alsagoff S, Ong KT, Sim PH. Pressure ulcers--randomised controlled trial comparing hydro-

colloid and saline gauze dressings. Med J Malaysia. 1998 Dec;53(4):428–31.

 50. Shinohara T, Yamashita Y, Satoh K, Mikami K, Yamauchi Y, Hoshino S, et al. Prospective evaluation of 

occlusive hydrocolloid dressing versus conventional gauze dressing regarding the healing effect after 

abdominal operations: randomized controlled trial. Asian J Surg. 2008 Jan;31(1):1–5.

 51. Amoakoh HB, Aikins M. Household cost of out-patient treatment of Buruli ulcer in Ghana: a case study 

of Obom in Ga South Municipality. BMC Health Serv Res. 2013 Dec 5;13:507,6963–13–507.

 52. Grietens KP, Boock AU, Peeters H, Hausmann-Muela S, Toomer E, Ribera JM. “It is me who endures but 

my family that suffers”: social isolation as a consequence of the household cost burden of Buruli ulcer 

free of charge hospital treatment. PLoS Negl Trop Dis. 2008;2(10):e321.

 53. Asiedu K, Etuaful S. Socioeconomic implications of Buruli ulcer in Ghana: a three-year review. Am J 

Trop Med Hyg. 1998 Dec;59(6):1015–22.



17 

Chapter 1

 54. Mulder AA, Boerma RP, Barogui Y, Zinsou C, Johnson RC, Gbovi J, et al. Healthcare seeking behaviour 

for Buruli ulcer in Benin: a model to capture therapy choice of patients and healthy community mem-

bers. Trans R Soc Trop Med Hyg. 2008 Sep;102(9):912–20.

 55. Stienstra Y, van der Graaf WT, Asamoa K, van der Werf TS. Beliefs and attitudes toward Buruli ulcer 

in Ghana. Am J Trop Med Hyg. 2002 Aug;67(2):207–13.

 56. Aujoulat I, Johnson C, Zinsou C, Guedenon A, Portaels F. Psychosocial aspects of health seeking be-

haviours of patients with Buruli ulcer in southern Benin. Trop Med Int Health. 2003 Aug;8(8):750–9.

 57. Vouking MZ, Takougang I, Mbam LM, Mbuagbaw L, Tadenfok CN, Tamo CV. The contribution of com-

munity health workers to the control of Buruli ulcer in the Ngoantet area, Cameroon. Pan Afr Med J. 

2013 Oct 22;16:63.

 58. Vouking MZ, Tamo VC, Mbuagbaw L. The impact of community health workers (CHWs) on Buruli ulcer 

in sub-Saharan Africa: a systematic review. Pan Afr Med J. 2013 May 10;15:19.

 59. Webb BJ, Hauck FR, Houp E, Portaels F. Buruli ulcer in West Africa: strategies for early detection and 

treatment in the antibiotic era. East Afr J Public Health. 2009 Aug;6(2):144–7.

 60. Castelnuovo B. A review of compliance to anti tuberculosis treatment and risk factors for defaulting 

treatment in Sub Saharan Africa. Afr Health Sci. 2010 Dec;10(4):320–4.





Part I
Drug treatment for Buruli ulcer





PLoS Negl Trop Dis. 2014 Mar 13;8(3):e2739.

Long Term Streptomycin 

toxicity in the treatment 

of Buruli Ulcer: 

Follow-up of participants 

in the BURULICO drug trial

Sandor Klis, Ymkje Stienstra, Richard O Phillips, Kabiru M. 
Abass, Wilson Tuah, Tjip S. van der Werf.

Chapter 2

2



Abstract

Background: Buruli Ulcer (BU) is a tropical infectious skin 
disease that is currently treated with 8 weeks of intramus-
cular streptomycin and oral rifampicin. As prolonged strep-
tomycin administration can cause both oto- and nephro-
toxicity, we evaluated its long term toxicity by following-up 
former BU patients that had received either 4 or 8 weeks of 
streptomycin in addition to other drugs between 2006 and 
2008, in the context of a randomized controlled trial.  
Methods: Former patients were retrieved in 2012, and oto- 
and nephrotoxicity were determined by audiometry and 
serum creatinine levels. Data were compared with baseline 
and 2, 4, 6, and 8 week measurements during the drug trial.
Results: Of the total of 151 former patients, 127 (84%) were 
retrieved. Ototoxicity was present in 29% of adults and 25% 
of children. Adults in the 8 week streptomycin group had 
significantly lower hearing thresholds in all frequencies 
at long term follow-up, and these differences were most 
prominent in the high frequencies. In children, no differ-
ences between the two treatment arms were found. Neph-
rotoxicity that had been detected in 14% of adults and 
in 13% of children during treatment, was present in only 
2.4% of patients at long term follow-up.
Conclusions: Prolonged streptomycin administration 
in the adult study subjects caused significant persistent 
hearing loss, especially in the high frequency range. Neph-
rotoxicity was also present in both adults and children but 
appeared to be transient.
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Introduction

Buruli ulcer (BU) is a Neglected Tropical Disease caused by infection with Mycobacterium 

ulcerans. Necrotic skin lesions characterize the disease, often with typical undermined 
edges. Treatment delay may result in disfigurement and functional limitations (1). Though 
isolated cases or small outbreaks have been reported in over 30 countries, the disease is 
mainly found in endemic areas in rural West- and Central-Africa, with around 6.000 cases 
occurring annually (2–4).

Over the past decade the main mode of treatment has shifted from surgery to 
antimicrobial therapy. Several antibiotic regimens have been proposed and studied, and 
the current regimen advised by the World Health Organization consists of 8 weeks of 
oral rifampicin and intramuscular streptomycin (5–8). Although surgery can be problem-
atic in under-resourced developing countries due to high costs and low availability, pro-
longed streptomycin administration has complications of its own. These complications 
are partly related to the parenteral mode of administration of streptomycin, but also to its 
intrinsic toxicity, notably, ototoxicity and nephrotoxicity(9).

Streptomycin induced ototoxicity encompasses damage to both the cochlea 
and vestibulum (10), although the effects of vestibular damage can to some extent be 
compensated for by the brain, and so are clinically less prominent (11). The damage is 
caused by reactive oxygen species that are formed by a redox-active complex of parts of 
the aminoglycoside and biologically available iron ions (12). The most frequently reported 
manifestations of ototoxicity are high-frequency sensorineural hearing loss, and vestibu-
lar dysfunction resulting in disequilibrium and loss of the vestibular ocular-reflex (12). 
These side-effects are often transient, but chronic effects, especially hearing loss, have 
also been reported. The wide range in incidence varies between 5% and 25%, depending 
on the specific aminoglycoside drug, patient group (older age groups are probably more 
vulnerable), and definition of ototoxicity including the method of detection (13, 14). The 
occurrence of ototoxicity does not appear to be related to the individual dosages or the 
frequency of administration per se, but rather to the cumulative dose, and the age of the 
patient (15). Also, there appears to be a modest genetic susceptibility, caused by a point 
mutation in mitochondrial DNA (16).

The nephrotoxic effects of streptomycin are most prominent in the proximal 
tubule, and transient nephropathy, manifested by a slow rise in serum creatinine and 
a decreased glomerular filtration rate, is observed in 10–20% of therapeutic courses (17). 
Unlike aminoglycoside-induced ototoxicity, long-term kidney damage is uncommon. It 
has long been hypothesized that aminoglycoside-induced nephrotoxicity would lead to 
increased serum concentrations of the drug, resulting in ototoxicity, or that some other 
link between aminoglycoside induced oto- and nephrotoxicity existed. Several studies 
have however been unable to demonstrate such a relationship, and it is believed that the 
two are largely independent (15, 18, 19).
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With a total cumulative dose of up to 56 g (15 mg/kg daily with a 1 g daily maxi-
mum, 56 doses), the amount of streptomycin that is administered to treat BU is higher 
than in the treatment of brucellosis, endocarditis, and urinary tract infections, but similar 
to the treatment of Mycobacterium avium complex and second line treatment for tuber-
culosis. However, no data exist on the long-term toxicity of the currently recommended 
regimen of antimicrobial therapy in BU. Therefore, we chose to study former BU patients 
that participated earlier in a randomized controlled trial conducted between 2006 and 
2008 (20). In that trial patients were randomized to receive either 8 or 4 weeks of strep-
tomycin, allowing a direct comparison between the two groups in terms of long-term 
streptomycin toxicity.

Materials and Methods

Ethics

The study protocol was approved by the Committee on Human Research, Publication, 
and Ethics of the Kwame Nkrumah University of Science and Technology and the Komfo 
Anokye Teaching Hospital, Kumasi (reference number CHRPE/AP/133/12). Written and 
verbal informed consent or assent was obtained from all participants aged ≥ 12 years, 
and consent from parents, or legal representatives of participants aged ≤ 18 years.

Sample size and patient recruitment

We retrieved our study subjects among individuals that had earlier participated in the 
Burulico trial, conducted between 2006 and 2009 in Ghana, registered with number 
NCT00321178 at clinicaltrials.gov. For that trial, patients aged 5 years or older, clinically 
diagnosed with early (duration < 6 months), limited (cross-sectional diameter < 10 cm) M 

ulcerans infection were included, and randomized to receive either 8 weeks of strepto-
mycin at 15mg/kg daily (max 1000 mg daily) and 8 weeks of rifampicin at 10mg/kg daily 
(max 600 mg daily), or 4 weeks of streptomycin and rifampicin, followed by 4 weeks of 
rifampicin and clarithromycin at 7.5mg/kg daily. Pregnancy, drug intolerance, and renal, 
hepatic, and acoustic impairment were among the exclusion criteria, and co-medication 
with drugs other than the study drugs occurred in less than 5% of patients, and mainly 
consisted of NSAIDs. Patients had a median age of 12 and 30% were male. Patient charac-
teristics are described in more detail in Nienhuis et al. (20). 

For the present follow-up study, participants were retrieved between June and 
November 2012 by visiting their last known village or through telephone contact if avail-
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able. If the former patient was no longer living at the last known village, neighbors, 
relatives, and community leaders were asked for additional information. When a former 
patient was located, he or she was informed about the study, given time to consider 
participation, and was asked for consent.

Procedures

Audiometry was performed in a quiet room in one of the two study hospitals of the 
BURULICO drug trial with portable Interacoustics AS208 audiometers, with circumaural 
earphones with noise reducing Peltor mute cushions. The audiometers were calibrated to 
ISO64, with biological calibration performed at frequent intervals. As soundproof rooms 
were not available at the study sites, ambient noise (AN) levels were measured with a volt-
craft SL-100 ambient noise meter in dBA filter weighting during each audiometry session.

The person performing the follow-up audiometry was blinded to the treatment 
allocation during the Burulico study, and was therefore unaware of earlier streptomycin 
treatment duration. Both ears were tested, the right ear first. Frequencies were tested 
in the following order: 1, 2, 4, 6, 8, 0.5 and 0.25 kHz. Testing started with presenting a loud 
tone. Then the intensity was decreased in steps of 5 dB until the tone was not heard 
anymore. The last tone still heard was the level of audibility of the first test run. Then the 
intensity was increased with 10 dB before being decreased again in steps of 5 dB, until the 
tone was no longer heard (the second test run). If the results of the two test runs were not 
identical, the process was repeated until two identical levels of audibility were found. This 
level was considered the hearing threshold. The same procedure was followed during the 
drug trial, and so, audiograms were available for baseline, after 8 weeks of treatment, and 
at long-term follow-up. In addition to audiometry, each subject was asked at follow-up 
about complaints of hearing loss and dizziness after completion of treatment.

To detect late nephrotoxic effects of the streptomycin administration 4–6 years 
earlier, serum creatinine was measured in a sample of venous blood (approximately 2ml) 
at the same laboratory,  where serum creatinine was measured during the drug trial, 
using the same analytic technique. The results were compared with the measurements 
at baseline, after 2, 4, 6, and 8 weeks of treatment during the BURULICO study. Patients 
with suspected long-term nephrotoxicity were referred to the hospital for further man-
agement.

The total cumulative dose of streptomycin administered was estimated to be 56 
times the daily dose. Individual records of compliance were not available, but during the 
drug trial, streptomycin administration was only performed in participating hospitals and 
health centers and was recorded on tally sheets with compliance approaching 100%.



26

Long Term Streptomycin toxicity in the treatment of Buruli Ulcer: Follow-up of participants in the BURULICO drug trial

Data analysis

As aminoglycoside toxicity is reported to occur less frequently in children (21, 22), we 
analyzed the results separately for those ≤ 16 and > 16 years of age at the time of receiv-
ing streptomycin treatment during the Burulico trial. For each frequency, the mean of 
measurement results of audiometry of both ears was recorded. As the distribution of 
hearing thresholds is usually skewed to the left, differences between the two treatment 
arms were assessed with nonparametric Mann-Whitney-U tests. According to the criteria 
of the American Speech-Language-Hearing Association (23), an increased threshold of 
20dB at any one frequency or an increase of 15 dB at two consecutive frequencies was 
classified as hearing loss. Nephrotoxicity was defined as a rise in serum creatinine at two 
consecutive assessments during treatment compared to baseline of ≥ 44 μmol/L (0.5mg/
dL) or 50% (17, 24). As serum creatinine levels increase with age and body weight, espe-
cially muscle mass, it was not possible to make a meaningful direct comparison between 
the serum creatinine concentrations in the present study with those obtained 4–6 years 
earlier during the drug trial. Instead, a decrease of the estimated Glomerular Filtration 
Rate (eGFR) of > 25% in this follow-up study compared to baseline was defined as long 
term nephrotoxicity (25). In adults, the eGFR was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation (26), as this was earlier shown to 
be superior to other equations in a Ghanaian population (27). In children the eGFR was 
computed using the revised Schwartz formula (28).

Results

Patient population and retrieval

127 individuals (84%) of the 151 former participants of the Burulico trial were retrieved for 
follow up. Although the trial had taken place in the Ashanti region of Ghana, many for-
mer patients were not ethnically Ashanti, and had moved away from the study site, and 
patients were retrieved in 9 of Ghanas 11 regions, including the three Northern regions 
more than 700 kilometers and approximately 10 hours by road from the original study 
site. 68% of the retrieved former patients were female, and the median age at follow-up 
was 18 years. 68% of our study participants had been 16 or younger at the time they re-
ceived treatment during the Burulico trial. Of the 24 former patients not retrieved, 4 were 
already lost to follow-up during the Burulico trial, 3 had moved abroad, 2 had deceased, 
and the fate of the remaining 15 was unknown. The patients that were lost to follow-up 
did not differ significantly from the patients that were retrieved in terms of baseline and 
8 week audiometry and serum creatinine, age, sex or treatment arm. The median duration 
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between drug administration and follow-up was 5 years. Overall, the patients reported 
to be doing well. 28% reported to have experienced another disease since their BU was 
cured, with most patients reporting malaria, headache, and stomach ache. One retrieved 
patient was HIV-positive. 3 patients reported currently taking analgesics, and 2 patients 
reported currently taking anti-hypertensives.

Table 1. Univariate associations with long term ototoxicity. All P values are 1-tailed except for sex.

Adults (N = 41) Ototoxicity

 Yes No P value

Treatment arm

8 weeks streptomycin 40% 60%

4 weeks streptomycin 23% 77% .114

Age during treatment (SD) 32(17) 27(11) .150

Seks

Male 57% 43%

Female 26% 74% .101

Total grams of streptomycin (SD) 40(15) 34(13) .090

Complaints of hearing loss

Yes 25% 75%

No 32% 68% .393

Children (N = 86) Ototoxicity  

 Yes No P value

Treatment arm

8 weeks streptomycin 26% 74%

4 weeks streptomycin 28% 72% .414

Age during treatment (SD) 10(3) 9(3) .274

Seks

Male 24% 76%

Female 29% 71% .505

Total grams of streptomycin (SD) 23(12) 21(9) .220

Complaints of hearing loss

Yes 40% 60%

No 25%  75% .164
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Ototoxicity

29% of adults, and 25% of children were classified as having hearing loss compared to 
baseline audiometry after 8 weeks of treatment, and 31% of adults, and 27% of children 
were classified as having hearing loss at long term follow-up compared to baseline 
audiometry. The average hearing thresholds at long-term follow up for both treatment 
arms for adults are shown in Figure 1, and for children in Figure 2. At baseline, no dif-
ferences between the two treatment arms existed in any of the frequencies, and after 
8 weeks of treatment, the pattern of differences was similar to long-term follow up, but 
less pronounced. For both adults and children, univariate associations between long term 
ototoxicity and treatment arm, age, sex, total cumulative dose of streptomycin and com-
plaints of hearing loss were determined. The results are shown in table 1. The average (SD) 
level of ambient noise (AN) was 45.6 (6.5) dB. 

Table 2. Univariate associations with nephrotoxicity during treatment. All P values are 1-tailed 

except for sex.

Adults (N = 41) Nephrotoxicity

 Yes No P value

Treatment arm

8 weeks streptomycin 20% 80%

4 weeks streptomycin 9% 91% .157

Age during treatment (SD) 29(10) 29(13) .470

Sex

Male 29% 71%

Female 11% 89% .237

Total grams of streptomycin (SD) 40(11) 35(15) .178

Children (N = 86) Nephrotoxicity  

 Yes No P value

Treatment arm

8 weeks streptomycin 20% 80%

4 weeks streptomycin 5% 95% .024

Age during treatment (SD) 10(3) 9(3) .254

Sex

Male 9% 91%

Female 16% 84% .356

Total grams of streptomycin (SD) 26(7) 21(10) .041
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From self report, 10% of adults reported experiencing hearing loss (5% in the 
8 week streptomycin group vs 16% in the 4 week streptomycin group; p > 0.3 by Χ2) and 
12% of children reported experiencing hearing loss  (9% in the 8 week streptomycin group 
vs 15% in the 4 week streptomycin group; p > 0.3 by Χ2) after treatment was completed. 
10% of adults reported experiencing dizzyness (5% in the 8 week streptomycin group 
vs 16% in the 4 week streptomycin group; p > 0.3 by Χ2) and 12% of children reported 
experiencing hearing loss  (9% in the 8 week streptomycin group vs 15% in the 4 week 
streptomycin group; p > 0.3 by Χ2) after treatment was completed. HowevThere appeared 
to be no association between audiometrically classified and self-reported hearing loss, 
as 14% of the patients that were audiometrically classified as having hearing loss at long 
term follow-up also complained of hearing loss vs 9% of patients that were not audio-
metrically classified as having hearing loss (p > 0.3 by Χ2).

Nephrotoxicity

During treatment, 14% of adults, and 13% of children were classified as having neph-
rotoxicity. At long term follow-up 1 adult (2.4%) and 2 children (2.4%) were classified as 
having long-term nephrotoxicity. All 3 of these patients had received streptomycin for 
8 weeks (p < 0.1 by Χ2), but only 1 was also classified as having nephrotoxicity during 
treatment. The average serum creatinine concentrations for both treatment arms for 
adults are shown in Figure 3, and for children in Figure 4. For both adults and children, 
univariate associations between nephrotoxicity and treatment arm, age, weight, sex, and 
total cumulative dose of streptomycin were determined. The results are shown in table 2.
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Figure 1. Mean hearing thresholds of adults (16 or older at the time of treatment) in dB averaged over both ears. The 

shaded area represents the area used in understanding human speech (Pascoe, 1980)(37). SR8 = participants in the 8 week 

Streptomycin / Rifampicin group. SR4/CR4 = participants in the  4 week Streptomycin / Rifampicin plus 4 week Clarithro-

mycin / Rifampicin group. The Differences between the two groups were tested with the Mann-Whitney U test, 1-tailed. 

* = p < 0.05, ** = p < 0.001.



31 

Chapter 2

Figure 2. Mean hearing thresholds of children (under 16 at the time of treatment) in dB averaged over both ears. The 

shaded area represents the area used in understanding human speech (Pascoe, 1980)(37). SR8 = participants in the 

8 week Streptomycin / Rifampicin group. SR4/CR4 = participants in the  4 week Streptomycin / Rifampicin plus 4 week 

Clarithromycin / Rifampicin group. The Differences between the two groups were tested with the Mann-Whitney U test, 

all differences were ns.
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Figure 3. Mean (SD) serum creatinine concentrations of adults (16 or older at the time of treatment), measured at baseline, 

after 8 weeks of treatment and at long term follow-up. SR8 = participants in the 8 week Streptomycin / Rifampicin group. 

SR4/CR4 = participants in the  4 week Streptomycin / Rifampicin plus 4 week Clarithromycin / Rifampicin group. The differ-

ences between the two groups at baseline were tested with the students t-test. The differences between the two groups 

after 8 weeks of treatment and at long-term follow up were tested with an ANCOVA, controlling for serum creatinine 

concentration at baseline and age. * = p < 0.05, others ns (N = 41).
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Figure 4. Mean (SD) serum creatinine concentrations of children (under 16 at the time of treatment), measured at base-

line, after 8 weeks of treatment and at long term follow-up. SR8 = participants in the 8 week Streptomycin / Rifampicin 

group. SR4/CR4 = participants in the  4 week Streptomycin / Rifampicin plus 4 week Clarithromycin / Rifampicin group. The 

differences between the two groups were tested with the students t-test. All differences ns (N = 84). 

Discussion

In this study we followed-up individuals that were randomly assigned to either 4 or 
8 weeks of streptomycin injections 4 to 6 years earlier, and that had similar results in audi-
ometry at baseline. This provided a unique model to compare long-term toxicity incurred 
by doubling the cumulative dosage of streptomycin. In adults, we found an important 
and clinically relevant increase in hearing loss in the high frequencies in individuals that 
had received 8 weeks of streptomycin, in comparison to those that had received only 
4 weeks of this aminoglycoside. In children, no differences between the two treatment 
arms were detectable.

Although macrolides, especially, azithromycin have also been connected to hear-
ing loss (29), the ototoxicity associated with prolonged streptomycin use was significantly 
more pronounced than in individuals that had received clarithromycin instead. 

The ototoxic effects of prolonged duration of streptomycin therapy appeared to 
differ between adults and children. To our knowledge, no studies have evaluated the oto-
toxicity of an aminoglycoside in a study population consisting of both children and adults 
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suffering from the same illness, exposed to the same treatment schedule. Low levels of 
ototoxicity in children have been reported before (21, 22), but the exact mechanisms for 
this interaction with age are not well understood (21).

The incidence of hearing loss in our study was slightly higher than in earlier 
reports, which may be due to the fact that we used the formal ASHA criteria that are 
designed to detect early changes, so as to avoid more severe damage with ongoing ami-
noglycoside administration.

In children, there was only a weak relationship between hearing loss detected 
by audiometry and complaints of hearing loss by the patient, and in adults there was 
no relationship at all. Audiometric and subjective ototoxicity often correlate poorly (15, 
30, 31), because audiometric toxicity is usually – as in our study – present in the high 
frequencies. High frequency hearing loss does not affect primary speech hearing, but 
rather affects the ability to follow group conversations, and causes people to hear the 
wrong words without noticing it (32). This may explain why many clinicians are not very 
concerned about ototoxicity in the treatment of BU, as their patients usually do not report 
hearing loss spontaneously.

In our study, nephrotoxicity was present in both children and adults, occurred 
more often in the 8 week streptomycin group and appeared to be related to the total 
cumulative dose of streptomycin. However, long term nephrotoxicity was only detected 
in 3 study subjects. The occurrence of both transient and long-term streptomycin neph-
rotoxicity in our study might be a low estimate for the population at risk in general, as BU 
is a local infection, usually without systemic involvement, and most patients were young 
and did not have any significant comorbidities, medical history or co-medication, con-
trary to other patient categories that are administered aminoglycosides, e.g. ICU patients 
or those with cystic fibrosis. In addition, streptomycin was administered once daily, which 
is known to reduce the incidence of nephrotoxicity (33).

Our study had several limitations. First, after an intensive search, we only retrieved 
127 (84%) of the population that we intended to study. Of the 24 subjects that were lost 
to follow-up, we could not detect features that might have introduced bias, but we can-
not completely rule out that some bias was introduced. Next, although the group that 
was earlier exposed to 4 weeks of streptomycin had (near) normal audiograms, we did 
not attempt to enroll a matched control group that had not had streptomycin injections. 
Also, variability between measurements is likely to be higher than desirable, due to high 
levels of AN, although average levels of AN were only slightly higher compared to ac-
cepted bedside testing levels in the USA (34),(35). This implies that the absolute numbers 
of hearing loss should be interpreted with caution, but as AN levels were similar for all 
measurements, it is not likely to have influenced the differences found between the two 
treatment arms.
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The strength of our findings is that we could detect a difference between groups 
that appeared well matched. With known baseline characteristics, with a well-document-
ed increased exposure to streptomycin, we conclude that prolonged streptomycin ad-
ministration in the adult study subjects caused significant hearing loss, especially in the 
high frequency range. In addition, we obtained ototoxicity data from a patient sample 
that included both adults and children suffering from the same illness and receiving the 
same treatment, with differential effects in terms of toxicity.

Our study results support ongoing attempts to try replacing injected streptomy-
cin by an alternative, e.g. clarithromycin. Currently a trial to compare standard care (strep-
tomycin plus rifampicin) with oral treatment consisting of clarithromycin in extended 
release formulation combined with rifampicin is ongoing (36). 

We conclude that streptomycin with cumulative dosages, especially in patients 
aged 16 or older should be given with caution, especially in individuals with concurrent 
risks for renal dysfunction or hearing loss.
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Abstract

Objectives
Buruli ulcer (BU) is a tropical skin disease caused by infec-
tion with Mycobacterium ulcerans, which is currently treated 
with 8 weeks of streptomycin and rifampicin. The evidence 
to treat BU for a duration of 8 weeks is limited; a recent 
retrospective study from Australia suggested that a shorter 
course of antimicrobial therapy might be equally effective. 
We studied the outcomes of BU in a cohort of Ghanaian pa-
tients who defaulted from treatment and as such received 
less than 8 weeks of antimicrobial therapy.
Methods
Charts from a cohort of BU patients that were treated 
at Nkawie-Toase hospital between 2008–2012,. Number of 
days of antimicrobial therapy and patient and lesion char-
acteristics were recorded. 
Results
One hundred thirty seven out of 316 patients defaulted 
from therapy or wound care. Forty-seven  defaulters  with 
follow-up completed had received less than 56 days of 
antibiotics. 81% of these patients healed after 32 days or 
less of antibiotics. There was a significantly increased rate 
of healing in smaller lesions; 94% of WHO category I lesions 
had healed after 32 days or less of antibiotics. 
Conclusion
Although numbers were small, and a potential for bias ex-
ists, our findings suggest that a reduction of the duration of 
antimicrobial therapy in BU in small, early lesions is feasible. 
These findings can serve as a basis for future well-designed 
studies.
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Introduction

Buruli ulcer (BU) is a neglected tropical disease caused by infection with Mycobacterium 

ulcerans. It has been reported in 33 countries, but is currently most prevalent in West-Af-
rica. After an incubation period of several months, the disease typically starts with a pain-
less nodule that progresses into an ulcer over the course of several weeks (1). Delayed or 
inadequate treatment can result in extensive scarring and disabilities.

Treatment with antibiotics has been available for over a decade, and has replaced 
surgical excision as the primary treatment modality (2). The current WHO-recommended 
antibiotic regimen is 8 weeks of daily oral rifampicin and intramuscular streptomycin. 
High rates of cure are achieved with this regimen, but the associated pain, loss of produc-
tivity, and toxicity are a concern, and can lead to large numbers of defaulters and loss to 
follow-up (3–6).

Shortening the duration of therapy reduces toxicity, costs, discomfort, and treat-
ment related loss of productivity (4). In addition, it is likely to improve adherence (7, 8). 
Other mycobacterial diseases are also treated with lengthy antimicrobial regimens. The 
duration of drug therapy for multi-bacillary leprosy – formerly, a life-long treatment – was 
reduced to 12 months in 1997, and recently the addition of clofazimine to multidrug 
treatment for Mycobacterium tuberculosis has been shown to potentially halve treatment 
duration in the mouse model (9, 10). The currently advocated 8 weeks of therapy for M. ul-

cerans infection are largely based on a small, WHO-sponsored pilot study (11). In this study 
BU lesions were surgically excised after 0, 2, 4, 6, and 8 weeks of streptomycin-rifampicin 
combination therapy. Lesions excised after 0 or 2 weeks were culture positive, whereas 
lesions excised after 4 weeks or more were culture negative. However, as M. ulcerans is 
a slow growing organism, a safety margin of an additional 4 weeks was chosen, based 
on expert opinion.

A recent observational study in an Australian BU cohort demonstrated that 
a shorter duration of antibiotic therapy in patients with side-effects of the treatment 
resulted in high rates of cure in patients who also underwent surgery, and in a small 
number of patients who did not have surgery (6).  Most patients with Buruli ulcer live 
in West-Africa, with less favorable circumstances with limited access to surgery and with 
less antimicrobial treatment options, that potentially benefit more from shorter treat-
ment duration. In the current study, we describe the clinical and functional outcomes of 
a cohort of BU patients in Ghana who defaulted from treatment, and as such received less 
than 8 weeks of antimicrobial therapy without additional surgery.
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Method

Design

We reviewed patient records at the BU clinic of Nkawie-Toase Hospital, Ashanti region, 
Ghana, between 2008 and 2012. Some of these patients that had visited the clinic be-
tween 2008 and 2012 had defaulted from antibiotic therapy or wound care; we followed 
these individuals by searching and visiting their last known address, or, if available, by 
telephone contact, in the context of a study specifically designed to study default from 
antimicrobial therapy or wound care (5). Patients were followed-up between July and 
October 2013. All of the retrieved patients that had persisting lesions or severe functional 
limitations were counseled and referred for further treatment or physiotherapy. A lesion 
was considered healed if complete epithelialization had been ascertained. In the event 
of a non-healed lesion, a swab was taken for BU disease confirmation by PCR, and the 
patient was asked to come back to the BU clinic for further treatment. 

Procedures

The WHO defines completed therapy for BU as 56 doses of antibiotics within a time 
frame of 70 days. For this retrospective study, we included all patients that had not com-
pleted antimicrobial therapy according to this definition. From the records, patient and 
lesion characteristics, WHO category, the number of days of streptomycin and rifampi-
cin administration, and Buruli Ulcer Functional Limitations Scale (BUFLS) scores were 
retrieved. The WHO has defined three categories of BU as a measure of size and severity. 
A category I lesion is defined as a single lesion < 5cm in cross-sectional diameter, a cat-
egory II lesion as a single lesion between 5cm and 15cm in diameter, and a category 
III lesion as a single lesion > 15cm in diameter, multiple lesions, lesions at critical sites 
(e.g. around the eye, genitalia), and osteomyelitis. The BUFLS is a previously validated 
scale designed to measure functional limitations in former BU patients by measuring 
perceived difficulties with daily activities (12).  We also retrieved information on actual 
drug treatment from the records, with detailed information about any missing report-
ing dates and drug dosages. 

Ethics

The study protocol was approved by the Committee on Human Research, Publication, 
and Ethics of the Kwame Nkrumah University of Science and Technology and the Komfo 
Anokye Teaching Hospital, Kumasi (reference number CHRPE/AP/133/12). Written in-
formed consent was obtained from all participants aged ≥ 12 years, and consent from 
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parents, or legal representatives of participants aged ≤ 18 years. Patient records were 
reviewed anonymously, and all reported procedures, i.e. lesion and disability assessment, 
are part of local routine care for BU.

Figure 1. Frequency distribution of days of antimicrobial therapy (N = 316). SR = Streptomycin – Rifampicin combination therapy.

Results

A total of 316 patients had visited the clinic between 2008 and 2012 with a clinical 
diagnosis of BU. Of these, 46% completed antimicrobial therapy for BU by the WHO 
definition. The frequency distribution of number of days of antimicrobial therapy is 
shown in figure 1. Of 140 patients that we attempted to find, 56 were retrieved. The 
median (IQR) duration between start of therapy and follow-up for these 56 patients was 
203 (94–240) weeks. Forty seven of these patients had not completed antimicrobial 
therapy, the remainder had defaulted from wound care. Six of these 47 patients had 
sought treatment of various forms (surgery or different antibiotics than SR) at another 
hospital. An additional 9 patients had died of unknown causes. Patient and lesion char-
acteristics are shown in table 1.
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Table 1. Patient and lesion characteristics. aSignificant difference between retrieved and non-

defaulted (p < 0.02 by Mann-Whitney U). All other between group differences ns by Chi-square 

or Mann-Whitney U. PCR = Polymerase Chain Reaction, ZN = Ziehl-Neelsen staining.

Defaulted (N = 173)
Not defaulted 
(N = 143)

Total (N = 316)

Patient Characteristics
Retrieved 
(N = 56)

Not retrieved 
(N = 117)

Sex (%male) 32.1%a 42.1% 52.2% 44.6%

Median Age (IQR) 28 (15–54) 34 (15–57) 33 (13–56) 32 (14–56)

Median weeks of illness 
before seeking care (IQR)

4 (2–7) 4 (2–8) 5 (3–16) 4 (2–12)

Use of traditional treatment 44.6% 39.7% 40.3% 40.8%

Clinical form

Ulcer 80.4% 85.7% 72.4% 79.1%

Plaque 8.9% 6.3% 12.7% 9.5%

Edema 7.1% 5.6% 11.9% 8.5

Nodule 3.6% 1.6% 3.0% 2.5

WHO Category of Lesion

I 35.7% 32.5% 30.6% 32.5%

II 28.6% 24.6% 29.1% 27.4%

III 35.7% 42.1% 39.6% 40.1%

PCR or ZN

Positive 41.1% 29.4% 41.8% 36.7%

Negative 32.1% 33.3% 20.1% 27.5%

Not performed 26.8% 37.3% 38.1% 35.8%

Median Days of SR (IQR) 28 (19–33) 29 (16–47) 56 (56–57) 55 (28–56)

The main reported reasons for defaulting by the retrieved patients were lack 
of money for transportation (35%), the fact that their lesion had already healed before 
planned end of treatment (19%), drug side effects (mainly dizziness and red urine; 14%), 
diversion to other modes of treatment (mainly herbal; 14%), and various others (preg-
nancy, drug shortage, moving abroad, low mobility). 
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The median (IQR) BUFLS score was 11 (0–22). Those that were healed at follow up 
had a median (IQR) score of 0 (0–15), whereas those that were not healed had a median 
(IQR) score of 24 (20–29) (p < .001 by Mann-Whitney U test).

Table 2. Rates of healing by WHO Lesion category. p = test of significant difference between 

WHO Categories by Chi-Square for trend (linear-by-linear association). PCR +  = Confirmed by 

polymerase chain reaction at initiation of treatment.

Duration < 32 days (N = 42) Duration < 56 days (N = 47)

WHO Category PCR + All patients PCR + All patients

Category I 7/7 (100%) 16/17 (94%) 7/7 (100%) 18/19 (95%)

Category II 3/4 (75%) 8/10 (80%) 3/5 (60%) 8/11 (73%)

Category III 5/6 (83%) 10/15 (67%) 6/7 (86%) 12/17 (71%)

Total 15/17 (88%) 34/42 (81%) 16/19 (84%) 38/47 (81%)

p .35 .05 .48 .07

The diagnosis of BU was only confirmed by polymerase chain reaction (PCR) 
in a proportion of patients.  The rates of healing of patients defaulting from antimicrobial 
therapy per WHO lesion category, both for PCR confirmed lesions and for all lesions com-
bined, are listed in table 2. We chose to display rates of healing both for a total dose of less 
than 56 days, and less than 32 days. The cut-off of 32 days was chosen to reflect a clinically 
relevant shortening of therapy duration and including all patients who decided to stop 
their medication after one month of use. The median (IQR) number of doses of SR admin-
istered to followed-up patients that had healed, or had not healed was 28 (15–30), and 28 
(14–30) respectively (ns by Mann-Whitney U test). Patients that had healed did not differ 
from patients that had not healed by age, gender, or clinical form at baseline. 

An open wound was seen in a total of 9 patients during the follow up visits. Patient 
and lesion characteristics and number of days of antimicrobial therapy for these patients 
are shown in Table 3. All non-healed lesions were located on the lower limb.
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Table 3. Patient and lesion characteristics of non-healed defaulters. Duration = time since 

onset of lesion in months, SR = Streptomycin–rifampicin combination therapy, BUFLS = Buruli 

Ulcer Functional Limitation Score, PCR = Polymerase Chain Reaction result at baseline, +  = posi-

tive,– = negative, ? = unknown.

PCR

Patient Age Gender Category Size (cm2) Duration Days of SR BUFLS Baseline Follow-up

1 15 F 3 5 48 27 26,3 - -

2 46 F 1 2,6 44 0 31,6 ? ?

3 28 F 3 3,5 19 28 21,1 - -

4 39 M 3 24 19 28 15,8 - -

5 22 F 2 4,2 22 42 26,3  +  + 

6 60 M 3 17,6 61 30 38,2 - -

7 15 F 2 3,5 58 30 18,4 - ?

8 43 M 2 11 13 14 23,7  + -

9 71 M 3 18 15 14 21,4  + -

Discussion

Here we present follow-up data from a cohort of Ghanaian BU patients who defaulted 
from antimicrobial therapy. More than half of the patients seen at the clinic over the study 
period did not complete therapy. A considerable proportion of patients that received 
incomplete therapy had healed lesions at follow-up. In patients with small lesions, rates 
of healing were excellent, and were similar to rates of healing found in drug trials and 
observational studies that also looked at small, early lesions, and in recent large cohort 
studies (13–16). In addition, recurrence was not reported nor observed. Compared to 
the Australian cohort, our cohort featured a larger proportion of large lesions (60% vs 8% 
non-Category I), and the rate of healing of these larger lesions appeared to be less than 
in small lesions. 

The effect of lesion size on rate of healing was significant in patients receiving less 
than 32 days of therapy. This might be caused by both lesion and drug characteristics. 
A smaller lesion might harbor a smaller number of bacteria that are cleared in a shorter 
period of time. In addition, antibiotic penetration in larger lesions might be worse due to 
larger amounts of poorly vascularized necrotic tissue. Alternatively, larger lesions might 
benefit more from a high standard of wound care, and defaulters from antimicrobial 
therapy also ceased to receive specialized wound care from the BU treatment center, 
causing a delay in healing.
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The patients that had not healed at follow-up had long standing lesions, most 
of which were not confirmed by PCR at baseline, and were PCR-negative at follow-up. 
The BUFLS scores were high in these patients, indicating the significant functional limita-
tions caused by BU. However, though clinically suspected BU, these lesions might have 
another etiology such as tropical ulcer, cutaneous leishmaniasis, cutaneous tuberculosis 
or pyoderma gangrenosum. Also co-morbidities such as sickle cell disease, but especially 
HIV infection have been shown to cause large, non healing ulcers (17–19), and HIV tests 
were not performed routinely on the patients in our cohort. 

The current study suffers from several limitations.  Only a small proportion of de-
faulters were retrieved during the follow-up project. Although those retrieved and not 
retrieved did not differ in baseline characteristics, this might have introduced significant 
bias. Further bias may have been introduced since a healed lesion was one of the reasons 
to default from therapy.  In addition, the number of patients was relatively small, with an 
even smaller number of PCR confirmed lesions. Due to the retrospective nature of the 
study, the sample size could not be increased. Nevertheless, the same pattern of results–
decreasing rates of healing with increasing size was observed in both the PCR confirmed 
cases and the entire cohort. Lastly, those who stopped due to side effects of the drugs 
might have experienced these side effects due to higher plasma levels of the drugs, lead-
ing to an enhanced antimicrobial effect, although rifampicin levels are already well above 
the minimally inhibitory concentration in most cases (20). 

The potential for bias in both this study and the Australian cohort is significant, 
and the option of shortened therapy duration in small, early BU lesions should prefer-
ably be studied in a well-designed randomized controlled trial. Newly developed labo-
ratory monitoring techniques such as viability PCR and mycolactone detection might 
aid in ensuring patient safety and interpretation of results (21, 22). Our data are based 
on streptomycin-rifampicin combination therapy, which is likely to be replaced in the 
near future by completely oral therapy with clarithromycin-rifampicin (23). As streptomy-
cin is bactericidal and clarithromycin is bacteriostatic, it is possible that a shorter duration 
of therapy is not feasible with clarithromycin. However, Cowan et al. also found shorter 
therapy to be effective in patients receiving antibiotic combinations that did not contain 
streptomycin, and the need for complete sterilization is unclear as previous studies have 
reported cure in patients whose lesions were culture positive after 8 weeks of antimicro-
bial therapy (3, 13, 14). 

Our data suggest that shorter therapy for BU in small, early lesions is feasible 
in a cohort of Ghanaian patients that did not undergo surgery. Shortened treatment 
might have significant benefit in terms of toxicity, costs and discomfort, but needs to be 
carefully evaluated in well-designed studies.
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Abstract

Background Clarithromycin (CLA) is a promising oral 
companion drug to rifampicin (RIF) for the treatment of 
Mycobacterium ulcerans infection. However, previous phar-
macokinetic data demonstrate that RIF enhances CYP3A4 
metabolism, thereby reducing CLA serum concentrations, 
and that RIF concentrations might be increased by CLA 
co-administration. We studied the pharmacokinetics of ex-
tended release CLA at a daily dose of 15mg/kg combined 
with RIF at a dose of 10mg/kg in patients infected with M. 

ulcerans who where participating in a randomized con-
trolled trial, and compared these to previously obtained 
pharmacokinetic data.
Methods Serial blood samples were obtained over a pe-
riod of ten hours, stored as dried blood spots, and analyzed 
by LC-MS/MS in 20 patients who were randomized to re-
ceive RIF-CLA, and 10 patients who were randomized to 
receive RIF-streptomycin. 
Results All patients healed without recurrence. The me-
dian CLA C

max
 was 0.4 mg/L and the median AUC was 

3.9 mg *h/L following 15 mg/kg CLA in extended release 
formulation.  Compared to standard CLA dosed as 7.5 mg/
kg in a previous study, the extended release CLA resulted 
in a 58% decrease in C

max
 and a 30% increase in AUC. CLA 

co-administration did not alter RIF C
max

 or AUC.
Conclusions No effect of CLA co-administration on RIF 
pharmacokinetics was observed. The combination of ex-
tended release CLA and RIF achieved cure of BU lesions 
in all of our patients, but based on our serum concentration 
studies, the benefits of extended release CLA over immedi-
ate release remain uncertain.



53 

Chapter 4

Introduction

Buruli Ulcer Disease (BUD) is a neglected tropical disease caused by infection with M. ulcer-

ans (1). Prolonged infection causes necrotic skin lesions, through the secretion of mycolac-
tone, a class of toxins secreted by M. ulcerans (2, 3). There is accumulating evidence that BUD 
can be treated by antimicrobial therapy (4–8). The current WHO recommendation for anti-
biotic treatment of BUD is 8 weeks of intramuscular streptomycin (SM) and oral rifampicin 
(RIF). However, daily injections with SM are a burden to patient and health care worker. Both 
the risk for infections and the nephro-, acoustic and vestibular toxicity of aminoglycosides 
are a concern, while an oral treatment regimen is urgently needed (9). Clarithromycin (CLA) 
and RIF combination therapy has yielded promising clinical results (5–7).

However, there is a potentially significant drug-drug interaction between CLA and 
RIF. CLA plasma levels are reduced by RIF-induced activation of cytochrome P450 enzymes 
(e.g., CYP 3A4, involved in the elimination of CLA), while CLA is known to inhibit the enzyme 
activity of CYP 3A4 (10, 11). The P-glycoprotein (Pgp) efflux transporter is also affected, as 
RIF induces Pgp while at the same time, RIF is a substrate of Pgp; and CLA inhibits Pgp (12, 
13). Therefore, RIF-CLA co-administration might lead to increased RIF concentrations and 
decreased CLA concentrations.

In a previous pharmacokinetic study of RIF and CLA combination therapy in BUD, 
conducted in the context of a randomized controlled trial, the maximum concentration 
(C

max
), time above the minimal inhibitory concentration (MIC), and area under the con-

centration-time curve (AUC) of CLA were less than expected, and there was a 59% non-
significant increase of the RIF AUC in the RIF-CLA arm compared to the RIF-strepomycin 
arm. (14). Although the trial revealed no significant differences in clinical response be-
tween the study participants in CLA and non-CLA arms, treatment failure was observed 
slightly more frequently in the CLA-arm (6). Therefore there were some concerns that CR 
treatment may be inferior to SR treatment due to rapid, RIF induced metabolism.

To yield higher CLA plasma levels increasing the dosage of CLA would be an 
option. In the previous pharmacokinetic study, a dosage of 7.5mg/kg/day was given. 
In healthy adult volunteers, increasing the dosage from 500mg (approximately 7.5mg/
kg/day) to 1000mg (approximately 15mg/kg/day) increased the C

max 
proportionally (15). 

Both in healthy volunteers and in various patient groups (M. avium complex infection 
in HIV patients, Legionella pneumophila pneumonia), CLA has been demonstrated to be 
safe and effective in a dosage of 1000mg (16, 17), and it can be expected that it is at least 
as effective against BUD as a dosage of 500mg. In order to minimize side effects and 
create a more favorable dosing scheme, immediate release CLA can be replaced with its 
extended release form (ER-CLA). In several infectious diseases ER-CLA has been demon-
strated to be equally effective as immediate release CLA (IR-CLA) in the same dosage, and 
in general, fewer side effects (especially gastrointestinal events) are reported in ER-CLA 
treated individuals compared to IR-CLA (18, 19). In healthy volunteers, ER-CLA has a com-
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parable area under the concentration-time curve for both the original substance and the 
14-OH form to that of IR-CLA, but peak values are lower (15). In HIV patients treated for M. 

avium complex infection, dosages of 1000mg per day of ER-CLA and IR-CLA had similar 
pharmacokinetics in terms of C

max
, and AUC, and no differences in tolerability or adverse 

events were found (17).
However, the pharmacokinetics of ER-CLA have not been studied in combination 

with RIF, and it is unknown how an extended release formulation of CLA is affected by 
RIF-induced metabolism. The current study reports on the pharmacokinetics of RIF and 
ER-CLA combination therapy in BUD.

Method

This pharmacokinetic study was conducted as a sub study of a currently ongoing ran-
domized controlled trial (Clinicaltrials.gov identifier NCT01659437). In this trial, patients 
with early (duration < 6 months), limited (cross-sectional diameter < 10cm) BUD are ran-
domized to receive either SM-RIF or ER-CLA-RIF for 8 weeks. The study was conducted 
at the Nkawie-Toase Government Hospital, the Tepa Government Hospital, and the 
Agogo Presbyterian Hospital in Ghana.

Ethics

The protocol for the pharmacokinetic side-study was approved by the Commission 
on Human Research, Publication and Ethics, Kwame Nkrumah University of Science and 
Technology (CHRPE/AP/040/12). All participants were given at least 24 hours to consider 
participation, after which written and verbal informed consent was obtained. For partici-
pants below 18 years of age, informed consent was obtained from their legal guardian 
while the minor-age participants themselves had to provide informed assent. All par-
ticipants and their company were offered a reimbursement of their transportation costs, 
3 meals, and an incentive in cash and kind of approximately $20.

Participants

A total of 20 patients randomized to receive ER-CLA-RIF and 10 patients randomized to 
receive SM-RIF were included in the pharmacokinetic side-study. As our main interest 
was in obtaining pharmacokinetic data of clarithromycin in an extended release formula-
tion, no power calculation was done. Rather, the sample size was based on the European 
Medicines Agency minimum of 12 participants for bio-equivalence studies, and we chose 
to include 20 participants to better capture individual differences in e.g. hepatic and renal 
function or body fat percentage, which can cause some variations in the curves. Exclusion 



55 

Chapter 4

criteria for the drug trial are HIV infection, pregnancy, known hypersensitivity to any of 
the study drugs, previous treatment with streptomycin, and significant comorbidities. For 
the pharmacokinetic study, the minimum age for inclusion was 10 years, and in order to 
obtain steady-state pharmacokinetics, all participants had been taking the study drugs 
at the same dose for at least 7 days.

Drug administration

Patients received ER-CLA at a dose of approximately 15 mg/kg, which was rounded to 
either 500mg or 1000mg as 500mg is the lowest available dose for the extended release 
formulation of CLA. RIF was administered at a dose of 10mg/kg, which was rounded to 
the nearest 150mg. As food intake can influence the absorption of RIF (20), the drugs were 
administered on an empty stomach, but patients were offered a standardized breakfast 
1 hour after drug administration. All drugs were taken under direct observation of the 
study team.

Pharmacokinetic assessment

On the day of the PK study, the patient was admitted to the hospital, and blood levels 
were obtained just before drug administration, and at 0.5, 1, 2, 3, 4, 5, 6, 8, and 10 hours af-
ter drug administration. At each time point, approximately 2ml of blood was drawn from 
a venous cannula into an EDTA tube, from which 50µl was pipetted onto dried blood spot 
(DBS) cards (Whatman DMPK-C) and dried for 2 hours. In a previous study, DBS samples 
of RIF and CLA were proven to be stable at room temperature for 2 months (21). In the 
current study, the cards were stored with desiccants in an air-conditioned room at 16°C 
for a maximum of 4 weeks before they were transported to the Department of clinical 
pharmacy and pharmacology of the University Medical Center Groningen, where they 
were frozen at -80°C until analysis. CLA, 14OH-CLA, and RIF DBS concentrations were de-
termined by a previously validated LC-MS/MS assay (21).

Pharmacokinetic analysis

The values of the pharmacokinetic parameters were calculated using the KINFIT program 
(MW/Pharm, version 3.60; Mediware, Netherlands) (22). For both CLA and RIF, it was at-
tempted to generate a one compartment model, with the option to revert to noncom-
partmental analysis in the case of lack of fit. C

max
 was defined as the highest observed 

serum concentration, and T
max

 was the time corresponding to C
max

. C
min

 was the serum 
concentration before intake of the dose. The AUC from time zero to 24 h (AUC0–24) was 
calculated using the log-linear trapezoidal rule. The elimination half-life (t1/2) was calcu-
lated by 0.693/kel. The apparent clearance of the drug (CL/F) was calculated as the dose/
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AUC0–24, and the apparent volume of distribution (V/F) was calculated as the dose/
concentration at steady state. The bioavailability of rifampicin and clarithromycin were 
estimated to be around 60%.

The known MIC of CLA for M. ulcerans differs between strains. Previous studies 
suggested that MICs range between 0.25mg/L and 2mg/L, with most strains having an 
MIC of 0.25mg/L, and 95% of strains having an MIC of 0.50mg/L or less (14, 23). The MICs 
of 14-OH-CLA range between 4mg/L and 8mg/L (14). The MIC of RIF appears to range 
between 0.12 and 4mg/L, with 90% of strains having an MIC of 2mg/L or less (24).

Results

Table 1. Mean (SD) Patient characteristics and drug doses per kilogram. All between group dif-

ferences of the mean non significant by t-test.

SM-RIF (N = 10) CLA-RIF (N = 20)

Age (years) 22.8 (16) 31.0 (16)

Gender (F/M) 6/4 11/9

Body weight (kg) 45.2 (18.8) 52.1 (12.5)

BMI (kg/m2) 19.9 (5.1) 20.8 (3.6)

Mean RIF dose per kg 9.8 (2.0) 9.7 (.84)

Mean CLA dose per kg - 14.4 (3.1)

Study subjects

A total of 30 patients were enrolled as participants in this study, 20 patients receiving 
ER-CLA and RIF, and 10 patients receiving SM and RIF. Age, gender, body weight, body 
mass index, and mean drug doses per kg are presented in table 1; the baseline charac-
teristics did not differ substantially between the two treatment arms. Twenty-nine out 
of 30 lesions were confirmed by PCR to be caused by M. ulcerans infection. All of these 
patients healed completely (i.e. complete epithelialisation of the affected skin) without 
recurrence within one year after starting antimicrobial therapy. The lesion that was not 
PCR-confirmed disappeared after 3 weeks of treatment, and therapy was discontinued. 
None of the patients mentioned any side effect, and audiometric, electrocardiogram, and 
hepatic enzyme monitoring did not show any drug-induced abnormalities.
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The patients had received the study medication for a median (interquartile range; IQR) of 
39 (28;50) days. The results of the pharmacokinetic analysis are shown in Table 2. For RIF, 
a one compartment model with lag time was generated. For CLA, due to the ER-formu-
lation, a one compartimental model demonstrated lack of fit, and a non-compartmental 
analysis was used. The median RIF C

max
 was 29% higher in the CLA group (8.0 vs 6.2), but 

this difference was not statistically significant. None of the other RIF parameters differed 
between study arms. The median (IQR) ratio of the AUC of CLA to 14-OH-CLA was 0.52 
(0.39; 0.83). The actual CLA dose per kg did not significantly predict AUC and C

max
 by linear 

regression (p = 0.277, and p = 0.153 respectively).

Table 2. Pharmacokinetic analysis. All results are in median IQR. p Δ RIF = p-value for the test 

of significant difference between treatment arms of RIF parameter by Mann-Whitney U-test. 

Parameter
CLA-RIF (N = 20) SM-RIF (N = 10)

CLA 14-OH-CLA RIF RIF p Δ RIF

AUC
0–24 

(mg*h/L) 3.9 (2.3–5.4) 6.0 (4.9–7.8) 29.2 (19.2–36.6) 28.2 (21.8–37.7) .98

C
max 

(mg/L) .4 (.4-.5) .8 (.7–1.1) 8.0 (5.3–9.0) 6.2 (4.1–8.6) .35

T
max 

(h) 2 (2–3) 3 (2–4) 2 (1–2.8) 2 (2–3) .13

t
1/2

 (h) 1.2 (.7–1.3) 1.3 (1.2–1.4) 1.2 (.9–2.0) 1.6 (1.2–1.8) .35

CL/F (liter/h) 108.5 (70.7–140.3) 62.5 (50.3–85.8) 17.7 (13.3–20.4) 15.4 (8.0–32.7) .56

V/F (liter) 183.1 (111.7–243.7) 131.1 (94.6–162.0) 27.4 (23.2–47.6) 34.1 (20.4–39.2) .91

CLA concentrations reached a theoretical MIC of 0.25mg/L in all patients, with a median 
(IQR) time above MIC of 465 (300; 540) minutes. An MIC of 0.50mg/L was only obtained 
in 9 out of 20 patients at any one point in time, yielding a median time above MIC of 
zero. For RIF, an MIC of 2mg/L was reached in 29 out of 30 patients, with a median (IQR) 
time above MIC of 240 (225;300) minutes. No differences in time above MIC were found 
between study arms. Detectable CLA and RIF concentrations at baseline, due to drug in-
take on the day preceding the study were found in 2, and 3 patients respectively. RIF and 
CLA concentrations and AUCs that were 4 to 5 fold higher than the mean were reached 
in one patient. This patient was a 37-year old female with no known co-morbidities, no 
laboratory signs of renal or hepatic impairment, no ECG abnormalities, and she did not 
experience any side effects.
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The mean concentration-time curves of CLA and its metabolite 14-OH-CLA are 
shown in Figure 1. The mean concentration-time curves of RIF in both treatment arms are 
shown in Figure 2. The outlier mentioned above was excluded from the graphs.

Figure 1. Time-concentration curves of CLA and 14-OH-CLA. Data points are means, error bars represent standard errors. 

Closed circles are CLA, open circles 14-OH-CLA.
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Figure 2. Time-concentration curves of RIF in both treatment arms. Data points are means, error bars represent standard 

errors. Closed triangles are CLA, open triangles 14-OH-CLA.

Discussion

In this study we reported on the pharmacokinetics of ER-CLA in combination with RIF. 
The clinical response of BUD to this regimen is satisfactory as all patients were cured. 
However, it appeared that ER-CLA was more affected by RIF induced metabolism than 
in case of combination with IR-CLA (14). In healthy volunteers, a dose of 1000mg ER-CLA 
(corresponding to a dose of 15mg/kg in adults), yielded a mean C

max
 of 2.59 mg/L, and 

a mean AUC of 42.1mg*h/L (15). This implies that the interaction with RIF decreased the 
mean ER-CLA C

max
 and AUC by 79% and 88% respectively. Compared to the previous 

pharmacokinetic study in which a dose of 7.5mg/kg IR-CLA was used, a dose of 15mg/
kg ER-CLA lowered the C

max
 by 58%, and yielded only a 30% increase in AUC (3.9 vs 2.9 

mg*h/L). Perhaps, in an extended release formulation, continuously shedding low quanti-
ties of CLA results in less CYP3A4 enzyme saturation, and thus results in more efficient 
metabolism of CLA into 14-OH-CLA. A recent study using a physiologically based phar-
macokinetic modeling demonstrated a decrease in AUC of ER formulations compared to 
IR formulations for a number of CYP3A4 substrates (25).

Contrary to the previous pharmacokinetic study, where a non-significant 60% 
increase of RIF AUC was found in the CLA group, no effect of CLA on RIF concentrations 
was seen _. This might be due to lower CLA peak concentrations, leading to reduced Pgp 
efflux transporter inhibition.
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ER-CLA concentrations remained above an MIC of 0.25mg/L almost twice as long 
as IR-CLA concentrations. However, an MIC of 0.5mg/L was only reached in a small group 
of patients. The clinical relevance of these findings depends on several factors. First, CLA 
concentrations above the MIC might not be needed, as CLA is given in combination with 
RIF. Sub MIC concentrations might suffice to reduce M. ulcerans metabolism, perhaps 
inhibiting mycolactone production, and preventing the development of RIF resistance 
(26). Second, for CLA to be effective against M. ulcerans, it needs to exert its effects mainly 
at the site of the infection, and CLA is known to accumulate in tissues. Tissue concentra-
tions of up to 10 times the serum concentration have been measured in human lung 
tissue and alveolar macrophages (27, 28), and in mouse footpads infected with M. leprae 

(29). As CLA might well accumulate in Buruli ulcer lesions, future studies should measure 
CLA in these lesions, for example by homogenizing punch biopsies. If present in tissue 
in high concentrations, serum based pharmacokinetic parameters might not be a rel-
evant measure for the antimicrobial effect of CLA on M. ulcerans.

There are some logistical disadvantages to ER-CLA compared to IR-CLA. The dos-
ing by body weight needs to be rounded off to the nearest 500mg, compared to 250mg 
for IR-CLA, causing a larger variation in actual CLA per kg dosed. The ER-CLA formulation is 
also about four times more expensive than the regular IR-CLA tablet, and it has not been 
registered for use in most BU endemic countries.

This is the first time a clinical pharmacokinetic study was carried out using a dried 
blood spot (DBS) sampling technique for the determination of CLA and RIF in a rural set-
ting. This technique was previously validated in a clinical setting in the Netherlands (21). 
In practice, it yields a considerable advantage. Rifampin serum samples require immedi-
ate freezing to -80 °C, and transport on dry ice, both costly and not readily available in less 
affluent settings. The DBS cards were stored at room temperature, and could be shipped 
with regular mail. One potential limitation to this study is that we compare our results 
with previous data that were obtained using serum samples. However, the methods have 
been demonstrated to be equivalent in a Dutch clinical setting, and the RIF pharmaco-
kinetic parameters found were comparable to those found in the previous study using 
serum samples, providing an indication of usefulness and feasibility of the DBS method 
(1, 2). Therefore, DBS may help to facilitate pharmacokinetic studies in areas with less 
resources (30).

We conclude that the clinical response to all-oral CLA-RIF combination therapy is 
excellent. A CLA induced increase of RIF concentrations was not observed. RIF-induced 
metabolism appeared to be increased in ER-CLA compared to IR-CLA, and so the benefits 
of ER-CLA over IR-CLA in the treatment of BUD are unclear, and require further study.
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In their opinion paper, O’Brien et al. [1] argue that moxifloxacin (MFX) is preferable to 
clarithromycin (CLA) as a companion drug to rifampicin (RIF) when treating Buruli ulcer 
(BU) with an oral regimen in HIV-co-infected patients. Fortunately HIV is not the driving 
force in the emergence of BU. BU mainly affects children, and the highest BU case rates 
are observed in rural areas of West Africa where HIV prevalence is low [2].

We concur that oral therapy is highly desirable. However, we believe that the 
combination of RIF and CLA is currently the better alternative. In the mouse model there 
were clear indications that MFX was inferior to CLA either given alone or in combination 
with RIF [3].

The authors argue that an efavirenz (EFV) containing cART regimen, in combina-
tion with RIF would induce CYP3A4 mediated metabolism of CLA, potentially leading to 
sub-therapeutic concentrations of CLA. The interaction of CYP3A4 inducers with CLA is 
indeed a concern. Pharmacokinetic data in BU patients treated with RIF-CLA combination 
show that a dosage of 7.5mg/kg already gives median concentrations above the MIC of 
M. ulcerans [4] resulting in cure of BU in nearly all patients [5,6]. However, the CLA dos-
age can safely be doubled to 15mg/kg, and administered once-daily with an extended 
release formulation, which is likely to give therapeutic plasma concentrations, even in the 
presence of CYP3A4 induction; this approach is currently utilized in an ongoing WHO-
sponsored clinical trial in West Africa [7].

Next, the authors argue that the combination of MFX and RIF would be better 
suited to treat a possible concurrent TB-infection. Though theoretically possible, BU-TB 
co-infection is uncommon as O’ Brien et al admit; indeed, no single case of BU-TB-HIV 
co-infection has ever been reported in the literature. Bu is a predominantly rural disease, 
whereas TB is more prevalent in urban areas. Should an HIV-positive patient present with 
both manifest TB and BU, we propose that initial therapy be directed at TB and HIV only. 
In such extremely rare cases, an MFX and RIF containing anti-TB regimen will indeed likely 
suffice to treat BU as well; the larger risk for patients with this triple infection would clearly 
be HIV and TB, not BU.  Treatment with MFX and RIF for 8 weeks is not an established 
therapy for the treatment of latent TB and certainly not for the treatment of active TB. 
We rather propose that latent TB in HIV-infected patients is viewed as a separate entity, 
which needs proper diagnosis and treatment according to local and WHO guidelines. 
The authors mention the risk of the development of resistance of M. tuberculosis during 
treatment with MFX. Other concerns with the use of MFX instead of CLA are the high 
costs, low availability and development of resistance amongst Gram-negative bacteria. 
In addition, it is contra-indicated in those under 18, the age group most affected by BU.

In conclusion, we believe that there is currently no compelling reason to introduce 
MFX as a first line drug for the treatment of HIV-positive BU patients. Priorities in research 
and treatment in BU cannot be copied from TB. Antimicrobial treatment is only part of 
the treatment in BU. Considering the median time to healing of 12-20 months [5,6], most 
of the healing takes place in the period after drug treatment, when local wound care and 
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possibly, surgical interventions are important – not drug treatment. The need to start with 
cART during the first 8 weeks of drug treatment for BU should be balanced with the risk 
of compliance problems and increased risks of side effects. Vertical control programs may 
further limit the early start of cART in many BU centers. 

We propose that the pharmacokinetics of extended release CLA at 15mg/kg in 
combination with RIF and EFV be studied in a small series of BU-HIV co-infected patients, 
and that available research funding is directed at firmly establishing the efficacy and 
safety of the combination of RIF and CLA as oral therapy for BU.
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Abstract

Background. Buruli ulcer (BU) is the third most frequent 
mycobacterial disease in immunocompetent persons after 
tuberculosis and leprosy. During the last decade, eight 
weeks of antimicrobial treatment has become the standard 
of care. This treatment may be accompanied by transient 
clinical deterioration, known as paradoxical reaction. We 
investigate the incidence and the risks factors associated 
with paradoxical reaction in BU. 
Methods. The lesion size of participants was assessed by 
careful palpation and recorded by serial acetate sheet trac-
ings. For every time point, surface area was compared with 
the previous assessment. All patients received antimicro-
bial treatment for 8 weeks. Serum concentration of 25-hy-
droxyvitamin D, the primary indicator of vitamin D status, 
was determined in duplex for every sample by a radioim-
munoassay. We genotyped four polymorphisms in the 
SLC11A1 gene, previously associated with susceptibility 
to BU. For testing the association of genetic variants with 
paradoxical responses, we used a binary logistic regression 
analysis with the occurrence of a paradoxical response as 
the dependent variable. 
Results.  Paradoxical reaction occurred in 22% of the pa-
tients; the reaction was statistically significantly associated 
with trunk localization , larger lesions and genetic factors. 
The polymorphisms 3’UTR TGTG ins/ins (OR 7.19, p < .001) 
had a higher risk for developing paradoxical reaction com-
pared to ins/del or del/del polymorphisms.
Conclusions. Paradoxical reactions are common in BU. 
They are associated with trunk localization, larger lesions 
and polymorphisms in the SLC11A1 gene.
Key words. Buruli ulcer, , genetic polymorphisms,  genetic 
susceptibility, vitamin D
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Introduction 

The neglected tropical disease Buruli ulcer (BU) is the third most frequent mycobacterial 
disease in immunocompetent persons after tuberculosis and leprosy [1–2]. It is caused 
by Mycobacterium ulcerans. Central to the pathogenesis is the immunosuppressant and 
necrosis inducing toxin mycolactone.

During the last decade, an antibiotic regimen of eight weeks of streptomycin and 
rifampicin was introduced [3,4]. Earlier studies reported the success of this antimicrobial 
treatment with or without surgery [5–7]. A clinical trial showed that antimicrobial treat-
ment was highly effective in patients with small lesions (cross-sectional diameter < 10 
cm), of which 96% healed without surgery [8]. 

However, during or after antibiotic treatment the BU lesions may worsen. This 
could be caused by treatment failure [9–11], but might also be due to an inflammatory 
response caused by treatment-induced recovery of the immune system, i.e. a paradoxical 
reaction. Paradoxical reactions have been described in tuberculosis and in leprosy [12,13]. 
Recent studies have recognized the existence of paradoxical reactions in BU [11,14]. In 
Australia, one in five BU patients appears to have a paradoxical reaction. Most cases oc-
curred between three and ten weeks after the start of treatment [9]. In a trial in Ghana, 
most of the cases with a paradoxical reaction (>30%) were reported at week eight after 
the beginning of antimicrobial treatment [15]. The diagnosis of paradoxical response is 
difficult; no serological markers have been identified to differentiate paradoxical reactions 
from treatment failure [15]. Paradoxical reactions can be defined clinically by worsening 
of existing lesions, or the appearance of new lesions, and histologically by the appearance 
of intense inflammation in lesions [9]. Importantly, in most areas endemic for BU, histol-
ogy is not available. In Africa, very few studies have addressed paradoxical reactions in BU 
[10,14] as well as its risk factors. In Australia, edematous lesions, use of amikacin and age 
above sixty years old were strongly associated with paradoxical reactions. In addition to 
sociodemographic and clinical features, we suggest genetic factors may influence the 
occurrence of paradoxical reactions as well. As paradoxical reactions are hypothesized 
to reflect an exaggerated immune response, genes involved in the immune response 
in infectious diseases might play a role. For BU, a polymorphism in the innate immune 
SLC11A1 gene (formerly known as NRAMP1) was previously found to be associated with 
increased susceptibility to BU [16]. Furthermore it has been shown that 1,25(OH)2D3 sup-
presses the Th1 response by down-regulating the production of pro-inflammatory cyto-
kines [17–19]. So it is possible that polymorphisms in SLC11A1 gene as well as vitamin D 
are also related to paradoxical reactions. 

In West Africa, most of the patients are below age 15 [20] and amikacin is not used 
to treat BU. As the patient demographics and treatment regimen in West-Africa are widely 
different from that of Australia, it is important to look at the risk factors for developing par-
adoxical reactions in BU in this region. In Ghana, paradoxical reactions were described in 
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patients with M. ulcerans infection with early lesions (duration < 6 months), limited to 10 
cm cross-sectional diameter [14]; large lesions that are common in west Africa were not 
included in that study. Our study focuses on the risk factors associated with paradoxical 
reactions in patients with both small and large BU lesions, during and after antimicrobial 
treatment, and examines the influence of genetic factors as well.

In West Africa, most of the patients are below age 15 [20] and amikacin is not used 
to treat BU. As the patient demographics and treatment regimen in West-Africa are widely 
different from that of Australia, it is important to look at the risk factors for developing 
paradoxical reactions in BU in this region. In Ghana, paradoxical reactions were described 
in patients with M. ulcerans infection with early lesions (duration < 6 months), limited to 10 
cm cross-sectional diameter [14]; large lesions that are common in west Africa were not 
included in that study. Our study focuses on the risk factors associated with paradoxical 
reactions in patients with both small and large BU lesions, during and after antimicrobial 
treatment, and examines the influence of genetic factors as well.

Methods 

Study population

In the present study, we included participants of two randomized clinical trials in Ghana 
and Benin. The BURULICO drug trial was a randomized controlled trial for the treatment of 
early (duration less than 6 months), limited (cross-sectional diameter, 10 cm) M. ulcerans 
infection [clintrials NCT00321178]. In this trial, patients were randomized to receive either 
8 weeks of streptomycin and rifampicin or 4 weeks of streptomycin and rifampicin fol-
lowed by 4 weeks of clarithromycin and rifampicin. The second trial is a randomized trial 
on timing of the decision on surgical intervention for BU patients treated with rifampicin 
and streptomycin [clintrials NCT01432925]. All included patients had confirmed M. ulcer-

ans infection by direct microscopy following acid-fast staining or Polymerase Chain Reac-
tion (PCR), and all received 8 weeks of antimicrobial therapy. For both trials, patients who 
are pregnant, children below five years old, patients not compliant with the antibiotic 
therapy, and patients with osteomyelitis, were excluded from the study. 

Study Design

For all patients, we recorded demographics and clinical data from the trial databases. 
In addition, we recorded the progression of the size of the lesion size by measurement 
at regular intervals. For both trials, measurements were available for the first 12 weeks 
at two-week intervals. In the BURULICO trial, lesions were measured at 14, 21, 27 weeks 
after start of treatment, and for the timing of surgical intervention trial, measurements 
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were available at 16, 20, and 28 weeks after starting treatment. For analyses, the measure-
ments at 14 and 16 weeks, at 21 and 20 weeks, and 27 and 28 weeks were considered to 
be equivalent time points.

Lesion size

Lesion measurement included the indurated area around the visible skin defect. This le-
sion measurement was drawn on an acetate sheet and the surface area was calculated for 
every individual lesion at the different time point of the follow up.

Definition of paradoxical response

We considered an increase in lesion area of more than 5% between two consecutive 
measurements as a clinically relevant change. We defined a paradoxical reaction as 
2 consecutive increases in lesion size after 1 initial decrease. We additionally performed 
all analyses (post-hoc) using a less strict definition of two consecutive increases without 
an initial decrease.

Vitamin D serum concentration

Baseline vitamin D serum concentrations were available for patients participating in the 
BURULICO trial only. Blood samples in clotted blood tubes for serum were cooled until 
centrifuged within 24 hours after collection, then stored at -20°C, and sent in frozen con-
dition from Ghana to the University Medical Center Groningen, the Netherlands, until 
processed. Serum concentration of 25-hydroxyvitamin D, the primary indicator of vitamin 
D status, was determined in duplex for every sample by a radioimmunoassay (DiaSorin, 
Stillwater, MN) [21].  The mean of these two results was used for the analyses. Currently, 
there is no international consensus on the optimal level for vitamin D [22]. In healthy 
humans, vitamin D adequacy is defined as the presence of 25(OH)D

3
 at a concentration 

of 50 –75 nmol/L, levels of 75 nmol/L or greater represent vitamin D sufficiency while 
the serum levels of 25– 50 nmol/L of circulating 25(OH)D

3
 are defined as vitamin D insuf-

ficiency [23,24].

Genetic assays

Genetic data were obtained from patients participating in the BURULICO trial. Participants 
in the trial in Benin on timing on surgical intervention, were not asked for consent to test-
ing of genetic susceptibility and could therefore not be included.  The SLC11A1 gene has 
been previously associated with susceptibility to BU [16]. We genotyped four polymor-
phisms in the SLC11A1 gene: rs59823161 (3’UTR TGTG ins/del); rs17235409 (D543 G/A); 
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rs3731865 (INT4 G/C); and a (CA)n microsatellite in  the immediate 5’ region of the gene, 
as described previously [16] . Normal genotype was designated as having a microsatellite 
length of 200 base pairs and variant genotypes, having microsatellite lengths of 202 or 
204 were pooled as “other”.

Statistics

For associations of clinical and patient characteristics with paradoxical responses, we 
used t-tests or Mann-Whitney U tests for normal and non-normal distributed continu-
ous variables and Χ2 tests for categorical variables. For testing the association of genetic 
mutations and variants with paradoxical responses, we used a binary logistic regression 
analysis with the occurrence of a paradoxical response as the dependent variable.

Ethics

The protocol was approved by the Committee on Human Research, Publication, and Eth-
ics of the Kwame Nkrumah University of Science and Technology and the Komfo Anokye 
Teaching Hospital, Kumasi (CHRPE/07/01/05), by the Ethical Review Committee of Ghana 
Health Services (GHS-ERC-01/01/06) and by the provisional national ethical review board 
of the Ministry of Health Benin, nr IRB00006860. Written and verbal informed consent 
or assent was obtained from all participants aged ≥ 12 years, and consent from parents, 
caretakers, or legal representatives of participants aged ≤ 18 years. All data were analyzed 
anonymously.

Results

Patient and clinical characteristics

A total of 241 patients were included, 150 from Ghana, and 91 from Benin; 61% were 
female. The mean (SD) age was 16.2 (13.2) years. On presentation, 45% of patients had an 
ulcer, 23% had a plaque, and 13% had a nodule; 29% had a WHO category I lesion, 55% 
a category II lesion, and 16% a category III lesion. The median (IQR) surface area of the 
lesion on presentation was 20.6 (6.6; 43.5) cm2; 49% had a lesion on the lower limb, 43% 
on the upper limb, and 8% on the trunk.
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Paradoxical reactions

Paradoxical reactions, as defined by an initial decrease of the lesion followed by two con-
secutive increases occurred in 22% of cases. Most paradoxical reactions occurred between 
weeks 8 and 12 (Figure 1). When using a definition that did only require two consecutive 
increases without an initial decrease, 26% of patients had a paradoxical response, and the 
frequency distribution of the initiation week of paradoxical reaction did not differ substan-
tially. All cases that had a paradoxical reaction healed without additional treatment. 

Figure 1. Number of paradoxical reactions by weeks after starting treatment.

Associations with patient and lesion characteristics

Paradoxical reactions were significantly related to the site of lesion (p = .039 by Χ2); 44% 
of patients with a lesion on the trunk had a paradoxical response, compared to 24% of 
patients with a lesion on the upper limb, and 17% with a lesion on the lower limb.

Paradoxical reactions were also significantly related to WHO category at presenta-
tion. Ten percent of patients with a category I lesion had a paradoxical response, compared 
to 27%, and 23% of patients with a category II and category III lesion, respectively (p = .021 

by Χ2). Paradoxical reactions were not significantly related to patient age or gender. They 
were also not related to the type of lesion, duration of lesion before presentation, or white 
blood cell count at presentation (Table 1). For the participants in the BURULICO trial, 
paradoxical reactions were not related to treatment arm (8 week streptomycin vs 4 weeks 
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streptomycin followed by 4 weeks clarithromycin). The pulse and temperature at the time 
of paradoxical response did not differ from the pulse at presentation by paired samples 
t-test, and did not differ from the average pulse and temperature of those not classified as 
having a paradoxical response at the respective week. Using the less strict definition, the 
same pattern of results emerged, where paradoxical reactions were significantly related 
to the site of the lesion (p = .024 by Χ2) and WHO category at presentation (p = .009 by Χ2), 
but to none of the other variables.

Associations with vitamin D and polymorphisms in the SLC11A1 gene

Vitamin D deficiency was found in 15% of participants. The mean (SD) vitamin D level was 
66.5 (19.1) for the patients who had paradoxical reaction and 68.3 (17.1) for those who did 
not; 38% of patients with a vitamin D deficiency had a paradoxical reaction, compared to 
23% of patients without a deficiency (p = .134 by Χ2).  In the post-hoc analysis using the less 
strict definition of a paradoxical response, 33% of patients with a vitamin D deficiency had 
a paradoxical reaction, compared to 17% of patients without a deficiency (p = .082 by Χ2).

31% of patients with a 3’UTR TGTG ins/ins polymorphism had a paradoxical re-
sponse, compared to 13% of patients with a ins/del or del/del polymorphism (OR 0.14, 
95% CI: 0.05–0.44; p < 0.001). 5’(CA)

n
 microsatellite length, INT4 G/C polymorphism and 

D543N G/G polymorphism were not significantly related to paradoxical responses (Table 
1). Using the less strict definition of a paradoxical response in a post-hoc analysis, a similar 
pattern of results emerged.

Discussion

This is the first prospective study in West Africa addressing risk factors associated with 
paradoxical reaction in BU. In our sample, paradoxical reactions were common, and 
significantly associated with trunk localization, larger lesions and genetic factors. Cur-
rently, there is no standard definition of paradoxical reactions in BU. Histology, as used 
in Australia is not feasible in rural West Africa where most BU cases occur [2]. All patients 
included in this study healed without changes in therapy (no change in antibiotics, no 
corticosteroids, no surgery). This strongly supports our suggested definition and suggests 
that cases in our study represent true paradoxical reaction and not progressive disease 
secondary to antibiotic failure. 

We found a 22% incidence of paradoxical reactions (2 consecutive increases af-
ter 1 initial decrease and healing without surgery or a change in antimicrobial therapy), 
which is similar to a previous study from Australia [9].
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Table 1. Risk factors associated with paradoxical reactions. * = t-test, ǂ = Binary logistic regres-

sion, PR = paradoxical reaction, OR = Odds ratio, CI = confidence interval.

Risk factor PR No PR
OR 

(95%CI)
p-value

Age mean (SD) 15.2 (12.5) 16.5 (13.4) N/A 0.529*

Gender n (%)
Female 36 (24%) 117 (76%) 1

Male 16 (18%) 72 (88%)
0.72 
(0.37–1.40)

0.416ǂ

Who category n (%)

CAT 1 7 (10%) 62 (90%) 1

CAT 2 36 (27%) 97 (73%)
3.29 
(1.38–7.87)

0.007ǂ

CAT 3 9 (23%) 30 (77%)
2.66 
(0.90–7.81)

0.076ǂ

Site of lesion n (%)

Lower limb 20 (17%) 97 (83%) 1

Upper limb 24 (24%) 76 (76%)
1.54 
(0.79–2.94)

0.209ǂ

Trunk 8 (44%) 10 (56%)
3.88 
(1.36–11.1)

0.011ǂ

Type of lesion  n (%)
Ulcerative 29 (20%) 113 (80%) 1

Non-
ulcerative

23 (23%) 76 (76%)
1.18 
(.64–2.19)

0.602ǂ

Vitamin D nmol/L  mean (SD) 66.5 (19.1) 68.3 (17.1) N/A 0.631*

3’UTR TGTG n (%)

ins/ins 22 (31%) 48 (69%) 1

ins/del 4 (6%) 63 (94%)
0.14 
(0.05–0.44)

0.001ǂ

del/del 1 (13%) 7 (87%)
0.44 
(0.04–4.55)

0.494ǂ

D543N n (%)

G/G 25 (21%) 96 (79%) 1

G/A 2 (8%) 23 (92%)
3.00 (0.66–
13.51)

0.155ǂ

A/A 0 (0%) 0 (0%) N/A

INT4 n (%)

G/G 21 (17%) 105 (83%) 1

G/C 5 (28%) 13 (72%)
1.56 
(.55–4.43)

0.405ǂ

C/C 1 (100%) 0 (0%) N/A

5’(CA)n n (%)

200/200 9 (14%) 60 (86%) 1

200/other 17 (25%) 52 (75%)
2.18 
(.90–5.30)

0.086ǂ

other/
other

1 (13%) 7 (87%)
0.98 
(.32–2.95)

0.975ǂ
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In our study, most paradoxical reactions occurred between week 8 and 12–slightly 
later than the Australian study, where most paradoxical reactions occurred between week 
3 and 10 [9,11].  In the case reports from Benin paradoxical reactions occurred between 
12 and 409 days after completion of antibiotic treatment [10]. 

Mycolactone, the exotoxin produced and secreted by M. ulcerans, has been pro-
posed as the major cause of immune suppression [28–32]. Perhaps, the period between 
week 8 and 12 in which most paradoxical reactions occurred coincides with the elimina-
tion of most M. ulcerans organisms, with an arrest in the production and subsequently, 
a strong decrease in tissue concentration of mycolactone. The increase of the lesion then 
reflects an inflammatory response against the microbes—or microbial antigens of dead 
bacilli—already present in tissue which initially failed to elicit a host immune response 
[25–27,30].

We found several risk factors associated with paradoxical reactions. The incidence 
appeared to increase in larger lesions. One explanation of this may be that smaller lesions 
heal before eight weeks when most of the paradoxical reaction occurs. Another possibil-
ity is that larger lesions have a higher bacterial load than small lesions. We showed that 
lesions localized on trunk were significantly associated with paradoxical reaction, even 
when controlling for the size of the lesion. More than 4 out 10 patients (44%) with lesion 
on the trunk had paradoxical reaction compared to 24% and 17% for the upper limb and 
lower limb respectively. The increased incidence of paradoxical reactions on the trunk 
might be due to a difference in local immune responses and body temperature. 

Our study shows that paradoxical reactions were not significantly associated with 
patient age or type of lesion. This finding contrasts with Australian patients in whom asso-
ciations between paradoxical reactions and age and edema were reported [9]. This might 
be due to differences in the study populations. BU mainly affects the elderly in Australia 
[31], while in West Africa, most patients are children [32].

Paradoxical reactions were not associated with the white blood cell count or pa-
tients’ vital parameters such as the temperature and the pulse rate. 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.

We also show for the first time 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. Ear-
lier studies have shown that genetic factors can 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 [33,34]. In BU, no associations 
were found with the 3’UTR TGTG ins/del polymorphism and developing BU [16]. 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 [34]. Perhaps, certain 
polymorphisms in the SLC11A1 gene lower the susceptibility to M. ulcerans infection by 
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developing a stronger immune response. In turn, this stronger immune response might 
increase the risk of paradoxical reactions once BU develops. It has been reported that 
genetic variation in SLC11A1 affects susceptibility to other mycobacterial diseases such as 
leprosy and tuberculosis [34,35]. However, no study addressed the genetic risk factor for 
paradoxical reaction in tuberculosis or leprosy. 

In this study, we report for the first time that paradoxical reactions are not as-
sociated with vitamin D level. Vitamin D deficiency is often found to be associated with 
susceptibility to tuberculosis [36]. Very few studies address vitamin D and paradoxical 
reactions in tuberculosis. Clearing of pathogens with anti-tuberculosis treatment and 
a delayed negative feedback on macrophage activation due to low 1,25(OH)

2
D produc-

tion from vitamin D deficiency can lead to excessive granuloma formation and an exacer-
bated inflammatory response [37]. In our sample, the means of vitamin D level in patients 
with or without paradoxical reactions were similar. 

All included patients in this study healed without any change in therapy. In ear-
lier studies corticosteroids were used to treat paradoxical reactions [9,38,39]. We would 
indeed caution for use of corticosteroids West Africa, as other infections like tuberculosis 
and strongyloidiasis may worsen. 

This study has some limitations. There are no standard definitions of paradoxical 
reactions in BU that we could use to validate our definition. Our definition is clinical and 
did not include histological aspects, which may lead to a lack of accuracy. However we 
believe that our cases accurately represent paradoxical reactions since all patients healed 
without any additional therapy. Secondly, we excluded co-infected patients with Buruli 
ulcer and HIV. This may have reduced the incidence and severity [40]. 

Paradoxical reactions are common in BU. They are associated with trunk localiza-
tion, larger lesions and certain polymorphisms in the SLC11A1 gene. There was no appar-
ent need to change therapy or add steroids.  
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Abstract

Background. Buruli Ulcer (BU) is a disease affecting the 
skin, subcutaneous fat and bone tissues. Wound care is an 
important aspect in the prevention  disabilities. Awareness 
of current wound care practices in BU endemic regions is 
necessary for future wound care interventions.  
Methods. 31 health care workers from six hospitals and 
eight health care centers in Ghana and Benin were inter-
viewed with a semi-structured interview, complemented 
by structural observations. Quantitative data was analyzed 
through t-tests and one way ANOVA’s , qualitative data 
through descriptive statistics. 
Results. There appeared to be a general understanding of 
wound assessment amongst health care workers. A large 
variety of different topical antiseptics was reported to be 
used. Pressure irrigation was never reported. Gauze was 
the main dressing type and only 7% of healing wounds 
were reported to be dressed with Vaseline gauze. A moist 
environment was preferred,  but could not be maintained 
in practice. During dressing changes and debridement 
bleeding and pain were often observed. 
Conclusions. The standard of wound care differed impor-
tantly between health care personnel as well as between 
institutions and adherence to WHO guidelines was low.
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Buruli Ulcer (BU) is an infectious skin disease caused by Mycobacterium ulcerans.  BU has 
been reported in over 30 tropical countries worldwide, with the highest prevalence and 
incidence in West-Africa.1 In most cases, BU starts as a small, painless swelling below the 
skin that may break down to form an ulcer. The current treatment consists of eight weeks 
of oral rifampicin combined with intramuscular streptomycin, with healing rates of over 
90%. Although antibiotics are successful in the treatment of BU, the reported median time 
to healing of ulcers was found to be 18 weeks in early, limited BU lesions.2 The median 
time to healing for larger ulcers and those that require surgical intervention, is unknown 
but likely to be longer. In addition, persistent wounds were found to be a risk factor for 
functional limitations.3, 4 Combined with the long time to healing this implies that wound 
care is an important component of BU disease management and a major burden on the 
total costs of treatment.

Though solid evidence is lacking, it is imaginable that good wound care such as 
the choice of the correct type of dressing and a rational approach in applying topical 
solutions reduces time to healing, pain and morbidity.5 For example, infection rates with 
use of traditional gauze dressings was found to be significantly higher (7.1% versus 2.6%) 
compared to moisture-retentive dressings in wounds of various origins.6 Modern dressing 
materials (e.g. hydrocolloids) have been shown to decrease time to healing and increased 
patient comfort in skin graft donor site wounds and pressure ulcers.7–9 

Basic principles of wound management are to enhance systemic conditions, to 
maintain a moist wound environment, to protect the wound from trauma, to promote 
a clean wound base and control infection and to control edema and lymphoedema.10 
Currently, there are two guidelines on BU wound care, both published by the World 
Health Organization, which apply the basic principles of general wound care to BU.11, 12 
The goal of these guidelines is to minimize time to healing of wounds, optimize treatment 
outcome and minimize iatrogenic damage. In these guidelines wound care is described 
in a step-by-step manner: assessment of the wound, preparation of the wound bed and 
dressing of the wound. Assessment of the wound is based on the ‘Red-Yellow-Black sys-
tem’ (RYB-system), as described in the WHO ‘prevention of disabilities’manual.12, 13 This is 
a simple method developed to classify a wound. The RYB-system classifies wounds by 
color (Table 1) and provides information on the phase of healing and basic principles of 
care required for each stage.
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Table 1. Overview of the Red-Yellow-Black system as described by Krasner (1995).

  Surface appearance Phase of healing  Care

Red Pale pink to deep dark ’beefy’ red
Inflammatory 
phase

Clean with saline solution

Cover to protect 

Keep wound bed moist

Yellow
Pale ivory, various shades of yellow, green, 
brown

Proliferation phase Clean with saline solution

Presence of ’slough‘ (dead but moist tissue)
Debridement to reduce 
slough

Generates much wound fluid (exudates)
Use absorbent  wound 
covering

Keep wound bed moist

Black Black/brown or tan (thick, hard, and leathery) Proliferation phase Clean with saline solution

Dead tissue that is dehydrated Debridement of eschar 

Use absorbent wound 
covering 

 Keep wound bed moist

The second step in wound care is the preparation of the wound bed, for which 
WHO guidelines describe three steps. First, washing of the wound and the surroundings 
with water. Second, cleansing the wound with a normal saline solution (0.9% Sodium 
Chloride) by using low pressure irrigation. This can be achieved by using a bottle with 
a needle hole in it.Antiseptics should be avoided, as these can cause iatrogenic damage 
to newly forming epithelial and fibroblast cells.14–16The use of antiseptics is restricted to 
highly infected wounds where the bacterial overgrowth is the major concern rather than 
the healing process. Finally, some yellow and black wounds need debridement. Debride-
ment is ideally performed selectively, removing maximum amounts of dead tissue but 
minimizing damage to healthy tissue. Bleeding and severe pain are signs of damage to 
healthy tissues. 

The type of dressing to be used is determined by the amount of exudate. Again, 
the color of the wound can be a helpful tool. Red wounds are often non-exudating. For 
these wounds a Vaseline gauze is recommended. In case of an exudating yellow or black 
wound a more absorbent dressing is advised. There are many types of absorbent wound 
dressings, but in countries with limited resources normal saline soaked gauze is often 
used as this is the cheapest form of dressing. 
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Little is known about the application of the basic principles of BU wound care 
as described by the WHO guidelines. This study aims to report on the current standard 
of BU wound care in Ghana and Benin. More specifically, information on wound assess-
ment, dressing procedures, dressing materials, topical solutions and resources available 
are reported for different hospitals and health care centers (HCCs) in Ghana and Benin. 
The information is gathered through semi-structured interviews, and is confirmed and 
complemented through observations in dressing rooms. 

Methods

Participants. A total of six hospitals and eight HCCs were visited. In Benin two hospitals 
and three HCCs were approached. In Ghana four hospitals and five HCCs were included. 
All hospitals and HCCs visited in Ghana were localized in the Ashanti Region. This is the 
region with highest prevalence and incidence of BU in Ghana. Together, these hospitals 
receive approximately 50% of all reported BU cases in both countries. The number of 
cases received annually by each hospital did not differ greatly between the hospitals. The 
hospitals were not randomly selected, but rather approached through contacts at the 
regional and national level. All the HCCs visited were identified by hospital staff as their 
main BU wound care center for outpatients. Visits were announced to those in charge of 
the BU program at least two days before arrival. All health workers that were present and 
involved in BU wound care at the day of the visit were invited by the research team to 
participate in the study. There were no health care workers who declined to participate.

Questionnaire. Participants were shown six pictures of BU wounds, and were asked the 
same set of questions for each picture. In addition, every participant was asked three gen-
eral questions. The questionnaire is shown in Figure 1, and is based on the WHO guideline 
for prevention of disabilities in BU and general principles of wound care.12 Participants 
were given the following introduction: “Next you will be shown six pictures of clini-
cally confirmed BU cases. After showing you each picture I will ask you some questions 
on wound care of the BU cases depicted. Please, try to imagine that you are the one tak-
ing care of this patients’ wound. This is not a test, there are no right or wrong answers. The 
goal of this research is to find out how wound care of BU is performed in endemic areas”.

Two out of six pictures were classified beforehand by the study team as red 
wounds, two as yellow wounds and two as black wounds. The pictures were shown 
in a random order. Figure 2 shows the six pictures that were used. 



92

Wound care in Buruli ulcer disease in Ghana and Benin

Interview on BU Wound Care

Specific for each picture

1 Could you describe in your own words what this wound looks like? 

2 a) Would you clean this wound?

b) Could you describe how you would remove the old dressing material?

c)  Now that the wound is uncovered, and you want to clean it, could you describe how you would 
do this? 

d) What kind of solution do you use for cleaning the wound? 

e) Would you do anything else with the wound? 

3 a) Would you dress this wound?

b) What type of dressing materials do you use for this wound?

c) Would you apply something to the wound or to the dressing?

     –   If yes: What do you apply and why would you do this?

d) After this, would you cover the dressing with something?

     –   If yes: with what?

e) How often would you change this dressing, and why?

General questions

4 After treating the wound is there anything you would advise the patient?

5 How do you prevent infection during your work?

6
Are there materials you would like to use which you don’t have or of which there sometimes is 
a shortage?

Figure 1. The interview.

Observations. Observations of the dressing change procedures at each facility were done 
to complement the information acquired by questionnaires. In contrast to the interviews, 
the observations concerned the procedures followed and materials used in the facility 
as a whole, rather than focusing on individual health care workers, although 25 of the 31 
participants that were interviewed were also observed. The remaining 6 participants were 
not observed because no wound care was performed at the days of our visit. Observa-
tions were done before or after the interviews, depending on the clinical routine of the 
hospital or health center visited.
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Figure 2. Pictures used in the BU wound care study. Top row: red wounds. Middle row: yellow wounds. Bottom 

row: black wounds.
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Statistical analysis. A sum score of 0–6 with one point for every picture that was described 
according to the WHO RYB guideline was calculated. Means of these scores were com-
pared between male and female participants, between hospitals, between health care 
centers and hospitals, between occupations and between countries. These comparisons 
were done by t-tests and one-way ANOVA’s. Significant differences in ANOVA’s were fur-
ther analysed with Tukey and LSD post hoc tests.

Results

The hospitals and HCCs that were visited, with the number of subjects participating in the 
study in each hospital and associated HCCs are shown in table 2. A summary of the as-
pects of wound care that were measured are listed in table 3.

Table 2. Hospitals and health posts visited. CDTUB = Centre de Dépistage et de Traitement de 

l’Ulcère de Buruli.

Hospital HCCS Country
# of 
interviews

Tepa Government Hospital Mamfo, Anyinasuso Ghana 6

Nkawie-Toase Government Hospital Abuakwa Ghana 5

St. Martins Catholic Hospital Agroyesum Tontonkrum Ghana 6

Agogo Presbyterian Hospital Ananekrum Ghana 6

CDTUB de Pobè Anigbolo, Issaba Benin 5

CDTUB de Lalo Adoukandji Benin 4

Participants. 31 Interviews were conducted, and 68% of the participants were female. 58% 
were nurses by profession, 12% were nurses in training and 30% had another occupation 
(e.g. ward assistant, community health worker).

 Wound assessment. A total of 186 cases (six pictures for each of the 31 participants) 
were analyzed. The color of the wound was described correctly in 26% of all 186 cases. 
Red wounds were classified correctly in 35% of cases, yellow wounds in 24%  and black 
wounds in 19%. These differences in classification were not significant. Correct classifi-
cation of 5 or 6 cases presented was achieved by 10% of all participants. Classification 
according to the guidelines did not differ significantly between gender and occupation 
of the health care worker, country, or level of the health care system. 
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Wound classification according to WHO guideline differed significantly between 
the hospitals (p = 0.002). Post hoc tests (Tukey, LSD) showed that this statistically signifi-
cant difference was caused by three of the six hospitals. These three were the hospitals 
with the highest rate of WHO guideline classification and two hospitals with the lowest 
rate of WHO guideline classification. 

Table 3. Reported wound care approach per wound type. Other = Sodium hypochlorite, sugar, 

vinegar, ciprofloxacin.

  Red Yellow Black Total

Cleansing solutions

Saline solution 77% 42% 37% 52%

Povidone iodine 13% 15% 18% 15%

Hydrogen peroxide 5% 32% 37% 25%

Other 5% 11% 8% 8%

Debridement

Would consider debridement 2% 33% 31% 22%

Dressing

Saline solution 45% 31% 34% 36%

Povidone iodine 18% 29% 24% 24%

Hydrogen peroxide 1% 10% 16% 9%

Metronidazole 16% 13% 13% 14%

Vaseline 7% 2% 3% 4%

Dry 7% 2% 0% 3%

Other 6% 14% 10% 10%

Frequency of dressings

Twice daily 10% 8% 10% 9%

Daily 65% 92% 87% 81%

Several times per week 25% 0% 3% 9%

In addition to the color classification, wounds were often described by other char-
acteristics. For example, red wounds were often described as clean wounds, or sometimes 
fresh wounds: “Clean and well granulated wound, ready for a skin graft”.  Black and yellow 
wounds were described as dirty and infected: “This is an infected wound, the color yellow, 
is not good”, “it is not clean”. Sometimes, participants commented on the duration of the 
disease, and on patient compliance (black wound): “This wound has been there for a long 
time”, “no compliance, the patient did not come for dressing”, “it is infected”, “there is no 
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medical attention”. Or: “This one has not been daily dressed, I can tell because of the pus”. 
And for a red wound: “The redness of the wound says that it is healing and that the person 
is on drugs”. Only rarely were descriptions given of the edges, and the size: “Category II 
wound, this is a typical BU wound with undermined edges”. And: “It is 10 cm long, 6 cm 
high and the middle is necrotic, I see a lot of fibrin and dry edges”. 

Preparation of the wound bed. A common response when asked about removing the dress-
ing and cleansing the wound was: “If old dressing material is adhered to the wound we 
use normal saline or tap water to remove it, in order not to cause damage to the wound or 
pain”,  “I clean inside to outside and afterwards the surroundings”. 48% reported to remove 
the old dressing without moistening it. These results did not differ significantly for differ-
ently colored wounds. Washing of the wound and surroundings with water was reported 
to be done in two hospitals. These hospitals had washing facilities inside the dressing 
rooms, where patients were washed by staff or were to wash their wounds themselves. All 
participants reported that they would cleanse the wound. But low pressure irrigation was 
never reported, nor observed. The cleansing solutions used are listed in table 3.

42% of participants indicated that they would perform mechanical debridement in at 
least one of the six cases presented to them. This was confirmed by observations, me-
chanical debridement was performed in the dressing room either by cutting necrotic 
tissue with scissors of forceps. Common responses of participants were: “I will try to take 
some of the slough but I will not force it” and “if the patient doesn’t have too much pain 
we can take some of the necrotic tissue with the scissors”. In 2% of all red wounds pre-
sented the participants indicated to perform debridement, compared to 33% of all yellow 
wounds and 31% of all black wounds. Bleeding and severe pain were frequently observed 
during debridement procedures. 

Dressing of the wound. Dressing materials did not differ among the hospitals and HCCs, 
only gauze and cotton wool was available for dressing. Participants frequently reported 
that they would soak the dressing with various solutions. The different solutions used are 
listed in table 3. The solution most frequently reported to be used was normal saline, but 
the relative frequencies of the topical solutions used differed with the color of the wound. 
In practice, the differences in the use of solution for dressings depended on hospital 
policy. In most of the dressing rooms one other type of solution was available in addition 
to normal saline, and it was the availability that determined the choice of therapy. The 
solution used was the same for all BU patients independent of the characteristics of the 
patient or the wound. The frequency of dressings is listed in table 3. Participants most 
often reported that they would change the dressing on a daily basis, and our observa-
tions confirmed this.
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In four hospitals there was a dressing room available, at the other two hospitals wounds 
were dressed on the ward beds. Dressing rooms differed considerably in terms of size of 
the room and facilities (e.g. washing bay, running water, instruments). None of the HCCs 
had a dedicated dressing room available, and dressings were done in a random room 
or in the hallway instead. Most of the rooms used for dressing in the HCCs did not have 
running water or electricity.

Prevention of infection. A typical response was: “I wear new gloves for every patient”, “I wash 
my hands before every new patient and dry them with a clean towel”, “we use sterilized 
gauze”, and “we dress the BU patients in a different place than the other patients”. 90% of 
the respondents indicated that they use gloves during wound care, although some used 
the same gloves for several patients. Gloves were available in the hospitals, but HCCs were 
less well supplied. In one HCC the participant reported that one pair of gloves was used 
for all BU patients. A forceps to handle the dressing materials was reported to be used 
by 39% of respondents. Hand alcohol was indicated to be applied after every dressing 
by 13% of respondents, and 38% of respondents indicated that they washed their hands 
before dressing. 55% indicated that they used masks, although several respondents said 
that it was to reduce the smell: “I use a face mask for highly infected wounds that smell 
badly”. Furthermore, wearing an apron, using sterilized instruments, hairnets, overshoes 
and cutting the fingernails were answers given to this question by less than 20% of the 
participants. Indeed, during our observations, all health workers used gloves. Forceps 
were often used, but these were non-sterile, and were usually used for multiple patients. 
In most hospitals, health workers wore aprons, either disposable or reusable, and roughly 
half of the health workers wore masks.

Advice to the patient. When asked what advice they would give the patient after dressing, 
68% of respondents gave advice regarding wound care e.g.: to keep the wound dry, to 
apply Vaseline or cocoa butter to the wound. 52% mentioned aspects of good hygiene 
e.g.: instructions to wash properly, at least once a day, and to clean the area around the 
wound. 61% of the respondents gave some form of dietary advice e.g.: to eat more than 
normal, to eat more proteins like beans, groundnuts, and fish, and to eat more fruits or 
take vitamin C. 29% gave advice regarding exercise e.g.: physiotherapy, walking, while 
in contrast, two participants (6.5%) advised against exercise. 

Shortages. An occasional or general lack or shortage in wound care materials was indi-
cated by 71% of all participants. Most often a lack of sterile dressing materials was reported 
(36%) followed by a shortage in sterilized instruments (29%).  Two participants at the same 
institution reported that there was no working autoclave (sterilizing equipment) available 
(6.5%). Other shortages that were reported by the participants were: items for personal 
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protection (e.g. gloves, masks), running water, electricity, modern dressings and topical 
solutions. Our observations confirm these findings, and when sterilized materials and 
equipment were unavailable, unsterilized dressing materials and instruments were used.

Discussion

This is the first study that reports on BU wound care in endemic regions. We found that 
classification of BU wounds based on the RYB-system  was not routinely done. However, 
there appeared to be a notion of clean healthy wounds (red wounds), versus dirty, infected 
wounds (yellow and black wounds). Descriptions of the shape, size and edges of the 
wound were rare. Classifying and monitoring wounds makes it possible to evaluate the 
effectiveness of the current treatment, and facilitates communication between nursing 
staff.17 Future wound care interventions may want to focus on the introduction of a simple 
nursing tool that provides caregivers with a daily assessment of the wound. Daily asses-
sement should at least involve a description of the wound size, the edges and the color. 

Our results showed that washing of the wound and the healthy skin around the 
lesion was not a common procedure. Many BU patients work and live in the countryside 
and expose their extremities to dirt and dust, so it seems appropriate to wash the affected 
body area before cleansing or dressing. In one hospital, patients washed their wounds 
themselves. A potential benefit of this strategy is that patients are more involved in their 
own healing process, which could give them a sense of control which in turn can reduce 
negative emotions and pain and have a positive effect on treatment outcome.18, 19 Indeed, 
self care programs have been established before in leprosy patients, and these programs 
appeared successful in improving wound management.20

Nearly half of the respondents indicated that they would remove the old dress-
ing without moistening it. The idea behind dry removal is that debris from the wound 
adheres to the gauze, and that removing the gauze provides some form of mechanical 
debridement. However, this technique is non-selective, i.e. it also removes newly granu-
lating tissue with viable epithelium. Although little evidence exists, some consider it best 
to favor healing over debridement, and this is also recommended by the WHO for BU 
wound care.12, 21Participants reported to use scissors or forceps and cut dead or fibrinous 
tissue from the wound in about one third of all yellow and black wounds presented. 
From our observations it became clear that debridement was often experienced as highly 
painful by the patient and severe bleeding was not uncommon. This  indicates that the 
procedure is performed unselectively, and also healthy tissue instead of necrotic ones 
are removed. Thus, there seems to be a need for future training of health care workers 
on selective debridement techniques.      

Cleansing by moderate-pressure irrigation of the wound with a saline solution, as 
described in the WHO guidelines, was not observed in any of the hospitals. Instead cotton 
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wool swabs or gauze was soaked in a solution and rubbed over the wound. However, 
moderate-pressure irrigation can be easily achieved by using a syringe, or making a hole 
in a water bottle, and is effective in reducing the bacterial load of a wound.22 Participants 
indicated to use normal saline for cleaning the wound in approximately half of the cases 
presented. Another solution that was frequently reported to be used for cleaning was 
hydrogen peroxide. Hydrogen peroxide is a debridement agent, it softens tissue and 
makes removal of slough or necrotic tissue easier. However, hydrogen peroxide was also 
reported to be used in red wounds. The use of hydrogen peroxide in red wounds de-
lays wound healing and is contra-indicated. Besides hydrogen peroxide, a large variety 
of different topical antiseptics were used to clean the wound. This is not surprising, as 
a large variety of topical antiseptics exist, and even in the most modern hospitals, choice 
of antiseptic and dressing material depends largely on the experience and preference 
of the nursing staff.17, 23In the institutions that we visited, the choice of cleaning solution 
depended largely on hospital policy and availability. However, it is best to reserve the 
use of antiseptics for cleansing to those wounds that show signs of infection. Although 
there is some debate, povidone-iodine is currently regarded as both safe and effective 
for this purpose.22, 24In addition, this solution is relatively inexpensive and widely available 
throughout Ghana and Benin. 

Vaseline gauze was only reported to be used for dressing in about 4% of all cases, 
which was somewhat surprising. In red wounds, Vaseline gauze should be used since 
these wounds are not infected and have started healing, and the goal of care for a red 
wound is protection. As Vaseline gauze does not adhere to the wound surface, it mini-
mizes pain and damage to healthy epithelial and fibroblast cells during dressing changes. 
Vaseline gauze is relatively inexpensive, and can be prepared by the hospital itself. 

The frequency of dressing changes was reported to be once a day in the majority 
of cases, and from observations it became clear that this frequency was mainly deter-
mined by hospital policy rather than by wound characteristics. The only dressing mate-
rial used was gauze, except for one hospital where staff sometimes used lipocolloids for 
dressing. Modern dressings such as hydrocolloids are superior in creating a moist wound 
bed, but are relatively expensive. Moist gauze, applied daily, seems like a reasonable alter-
native but a disadvantage of using moist gauze is that the moist environment is often not 
maintained. Under high temperatures initially wet gauze dries fast and acts as a foreign 
body, causing pain and bleeding during dressing changes. So the cost-effectiveness of 
modern dressings for BU should be studied, as their higher price might be offset by a re-
duction in staff costs as this dressing material can remain on the wound for several days. 
In addition, these dressings increase patient comfort, and some are occlusive and water 
resistant, which can be advantageous as many BU patients are farmers and are exposed 
to water and dirt frequently.
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In many cases, unsterilized materials were used, or some of the sterilized materials 
were used for several patients. Obviously this carries a risk for infection, not only with 
wound flora, but also with blood borne viruses such as Hepatitis B Virus and HIV. 

Our study suffers from several limitations. First, the health facilities were informed 
of our visits beforehand, which might have influenced the way the wound care was per-
formed. However, as in any country, not informing the institutions of our visit would be 
considered to be impolite and inappropriate. Also, some health workers were interviewed 
before the wound dressing was observed, for practical reasons this was unavoidable. The 
second limitation of this study was that the pictures used were not validated before-
hand by experts other than the study team, and the “yellow” and “black” pictures are not 
completely yellow and black, but present a mixed picture. However, these cases were 
representative of clinical practice, where there is often a mixture of colors in the wound. 
Also, we did not assess to what degree any of the health workers or health facilities had 
been exposed to the WHO guidelines  but  these guidelines are based on basic principles 
of wound care that nurses in Ghana and Benin are indeed exposed to during their educa-
tion. Nonetheless, when conducting a future study the use of validated cases is recom-
mended and it should be considered to train all staff on wound care beforehand.  

In summary, BU wound care practices in Ghana and Benin differed from the WHO 
guidelines in several key aspects. The standard of wound care differed greatly on a per-
sonal level, and between institutions. Dressing facilities at HCCs often appeared less 
well equipped, where  basic materials such as gloves and sterile gauze were not always 
available. Pressure irrigation was rare, a large variety of topical solutions was reported 
to be used and the use of Vaseline gauze uncommon. On average, red wounds were 
approached somewhat differently from black and yellow wounds which is encouraging, 
but this was contrasted by several respondents that appeared to apply a ‘one size fits all 
approach’. Furthermore, a moist wound environment was often not maintained, wounds 
were exposed to trauma during dressing changes by removal of dry gauze from the 
wound bed and pain and bleeding were frequently observed during dressing procedures. 

A high standard of wound care is likely to reduce the time to healing, decreas-
ing the risk for secondary infections and functional limitations, and promoting an early 
return to society. Several low-cost interventions can be made to enhance the standard 
of wound care: using a simple system for classifying and monitoring the wound based 
on size and color, washing the area around the wound before dressing, using a syringe 
or pierced water bottle for low pressure irrigation of the wound,  avoiding routine use of  
hydro-peroxide  or chlorhexidine and avoiding pain and bleeding. Also, efforts should be 
made to empower health care workers responsible of wound care, e.g. with appropriate 
tools and facilities and further training in WHO guidelines on wound care management 
in BU patients. 
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Abstract

Buruli ulcer (BU) is a tropical, infectious skin disease. The 
resulting ulcer can take a long time to heal, and a high stan-
dard of wound care is essential. Currently, the only dressing 
used for BU wound care is gauze, and its removal causes 
pain and bleeding. We performed a pilot implementation 
project using HydroTac®, a modern dressing combining 
foam with a hydrogel component. For future BU treatment, 
we recommend to use a more absorbent dressing than the 
HydroTac dressing used in the current project. However, we 
show that modern dressings can be applied to Buruli ulcers, 
and that HydroTac® dressings yield clean, healing wounds, 
and prevent the pain and bleeding associated with gauze 
dressings. Wound care is a vital, but to date neglected as-
pect of BU management.
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Buruli ulcer (BU) is a neglected tropical disease, caused by Mycobacterium ulcerans. It is 
currently most prevalent in West and Central Africa1. Typically, BU starts with a small nod-
ule that progresses into a discharging ulcer with necrotic slough and undermined edges 
over the course of several weeks. BU is most endemic in remote rural areas in West Africa, 
where healthcare services are limited, and there is often a delay in seeking treatment2.
Although an effective treatment with antimicrobials has been introduced more than 
a decade ago, the healing process is slow, with a median time to healing of 18–30 weeks 
in small lesions3. Large scars and contractures may result in functional limitations4, 5.
A high standard of wound care reduces the burden both on the patient and the health 
care system, as it shortens the time it takes for a wound to heal and it prevents secondary 
infections of the wound6, 7

A recent survey of BU wound care practices in Ghana and Benin found that gauze 
was the only dressing type that was used8. Though substantially cheaper, gauze has sev-
eral disadvantages over more modern dressings, as it adheres to the wound bed and 
it disturbs dermal regeneration upon removal, causing pain during wound dressing9, 10. 
In addition, it does not create a moist environment, and cannot remain on the wound for 
more than one day, which for many BU patients means a daily loss of productivity of sev-
eral hours (including walking to the health care center, waiting) that can be devastating 
to the household economy11. Conceptually, modern dressing materials such as a foam 
dressing would be better suited to maintain a moist environment, can stay on the wound 
longer, and reduce pain and bleeding12, 13. In the current pilot, we evaluated the use of 
a hydrofoam dressing for BU wounds in a rural health care center in an endemic location.

All BU patients visiting the Ananekrom Health Care Center for wound dressing 
were included. During the project period (March – April 2012), their wounds were dressed 
with a hydrofoam dressing. The Ananekrom Health Care Center was chosen as it was 
the principal center for providing outpatient care for BU in an endemic, rural community 
(Asante-Akim North District, Ashanti region, Ghana).

After discussions with wound care specialists at our institution, we chose to use 
HydroTac® dressings (Hartmann, Heidenheim, Germany), which are absorbent foam 
dressings with an additional hydrogel layer, making it suitable for both moderately dis-
charging and dry wounds, and hence for the various stages of a Buruli ulcer. After removal 
of the previous dressing, the wound was cleaned with moderate pressure irrigation by 
normal saline. No other topical solutions were used.  Dressings were removed only if strike 
through of the dressing with exsudate was visible.
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Figure 1. Clean, granulating Buruli ulcer on the elbow.

All wounds were photographed after removal of the dressing and cleaning. Once 
a week, the circumference of the wound was traced on an acetate sheet. At the end of the 
project, patients were asked what they liked and disliked about the foam and gauze dress-
ings, and encouraged to grade both the foam and gauze dressings on a scale of 1 to 10.

This pilot project took place as part of capacity strengthening efforts for BU man-
agement in the framework of a randomized controlled trial. It was carried out to explore 
options for improved standards of wound management and assessment. The proto-
col was approved by the Ghana Health Service Ethical Review Committee (Reference 
01/03/11). All participants provided verbal and written informed consent, and for children 
under the age of 18, informed consent was also obtained from one of the parents.

A total of 13 patients were included in this pilot. The mean age was 15 years. 
Eleven ulcers were located on one of the extremities, 1 on the chest and 1 on the abdo-
men. All patients had either begun or completed antimicrobial therapy for BU, and all 
patients had been using gauze dressings before the start of the pilot project. Patients 
were dressed with the HydroTac® dressings for an average period of four weeks.
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 Figure 2. Maceration of the lower borders of a Buruli ulcer on the abomen.

Over the project period, there was a mean (SD) weekly decrease in ulcer surface 
of 9.3% (14.7). Two ulcers consistently increased in size over 4 weeks with 3.6% and 10.0% 
respectively (i.e. at a weekly average of 1% and 2.5%). On average the dressings had to be 
changed every two days. Wound observation generally showed clean wounds with red-
dish granulating tissue (Figure 1). No signs of secondary wound infection were observed 
in any of the ulcers. Buruli ulcers tend to produce a non-smelling exudative fluid or pus. 
We observed that the number of days a HydroTac dressing could remain on the wound 
was limited by the absorbent capacity of the dressings. In addition, as the absorbent 
capacity was not optimal, the wound environment would tend to be ‘wet’ rather than 
‘moist’, and as a result, in some ulcers a slight amount of maceration could be seen on the 
edges (Figure 2).

Four patients that were 9 years or younger did not fully understand the questions 
and were excluded from the analysis. The remaining 9 patients gave a mean score of 8.5 
to the hydrotac, and 4 to the gauze dressings. The comments most often heard were that 
‘it is less painful when removing’, ‘it is comfortable’, ‘it drains the pus’, ‘I only have to remove 
it once every three days now’.

Most participants were children who  work and play in muddy or dusty environ-
ments. The original plan was to attach the dressings using Hydrofilm (Hartmann), but 
this had to be replaced by locally bought plaster and bandages, as it was not adhesive 
enough (Figure 3). 
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The hydrotac dressings could be easily cut into the desired size, allowing the team 
to economize the volume of dressings used.

We describe a pilot project of using modern dressings in the care for Buruli ulcer. 
As the average time to healing is long, we did not expect to see any wounds heal during 
the project period. However, we did measure a steady decrease of wound surface, and 
observed clean, granulating wounds.

Modern dressings prevent the pain and bleeding associated with the removal of 
dried-out gauze, which is the current most frequently used method of dressing for Buruli 
ulcers. As a consequence, patients highly preferred these dressings to the gauze. In addi-
tion to increased comfort, it is likely that the lack of frequent disturbance of the wound 
bed contributes to an increased rate of healing.

We opted for the HydroTac dressing, as we believed it would be suitable for both 
the purulent, discharging phase and the red and dry phase of Buruli ulcers. However, its 
absorbent capacity appeared to be largely insufficient for discharging Buruli ulcers. We rec-
ommend that when choosing a dressing for BU, there should be a focus on absorbent ca-
pacity like a regular foam dressing without a hydrogel component. Waterproof films, such 
as the HydroFilm® do not appear to be adhesive enough in the rural, muddy environment 
our patients typically reside, and clearly bandages and plaster should support the dressing. 

Figure 3. Failed adhesion of the Hydrofilm® after one day on a Buruli Ulcer on the abdomen.
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Modern dressings are inevitably more expensive than gauze dressings. However 
these costs could be offset by a reduction in the frequency of dressing changes, hence 
reducing the amount of staff time and disposables used. In addition, they might result 
in a shorter time to healing. Less frequent dressing changes also result in less time-con-
suming visits to the health care facility and hence less disruption of daily activities.

In a currently ongoing clinical trial in Ghana and Benin, the highly absorbent, fibre 
based Drawtex® (Beier Drawtex Healthcare, Centurion, South-Africa) was selected as dress-
ing material. Data on the time to healing using this modern dressing are eagerly awaited. 
Research on the treatment of BU has traditionally focused on antimicrobial therapy. In this 
light it is encouraging that the University of Yaoundé in Cameroon has recently launched 
a diploma course on advanced wound care, largely based on experiences gained in the 
treatment of BU. We believe that wound care is a vital but to date neglected aspect of BU 
management, and that much can be gained, both in terms of patient comfort and time 
to healing, with studies that aim to optimize wound care.

In this pilot implementation of modern dressings for Buruli ulcer, we observed 
that they are easily applicable, result in clean, healing wounds, and prevent the bleeding 
and pain associated with gauze dressings.
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Abstract

Background
The emerging disease Buruli ulcer is treated with strepto-
mycin and rifampicin and surgery if necessary. Frequently 
other antibiotics are used during treatment.
Methods/Principal Findings
Information on prescribing behavior of antibiotics for sus-
pected secondary infections and for prophylactic use was 
collected retrospectively. Of 185 patients that started treat-
ment for Buruli ulcer in different centers in Ghana and Bé-
nin 51 were admitted. Forty of these 51 admitted patients 
(78%) received at least one course of antibiotics other than 
streptomycin and rifampicin during their hospital stay. The 
median number (IQR) of antibiotic courses for admitted 
patients was 2 (1, 5). Only twelve patients received antibi-
otics for a suspected secondary infection, all other courses 
were prescribed as prophylaxis of secondary infections ex-
tended till 10 days on average after excision, debridement 
or skin grafting. Antibiotic regimens varied considerably 
per indication. In another group of BU patients in two cen-
ters in Bénin , superficial wound cultures were performed. 
These cultures from superficial swabs represented bacteria 
to be expected from a chronic wound, but 13 of the 34 
(38%) S. aureus were MRSA.
Conclusions/Significance
A guide for rational antibiotic treatment for suspected 
secondary infections or prophylaxis is needed. Adherence 
to the guideline proposed in this article may reduce and 
tailor antibiotic use other than streptomycin and rifampicin 
in Buruli ulcer patients. It may save costs, reduce toxicity 
and limit development of further antimicrobial resistance. 
This topic should be included in general protocols on the 
management of Buruli ulcer.
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Introduction

Buruli ulcer (BU) is a neglected, emerging disease caused by Mycobacterium ulcerans. BU 
usually starts as a nodule, papule, plaque, or oedema. When left alone, the lesion breaks 
open and a typical painless ulcer with undermined edges appears which can progress 
to a large necrotic lesion. Sometimes the bone can be affected and amputation may be 
necessary. Until 2004, the only available treatment was surgical removal of affected tissue. 
Since 2004, streptomycin and rifampicin have been used to treat BU [1]–[3].

Secondary infection is often thought to be responsible of severe complications 
in BU [4]–[6]. In chronic diabetic foot ulcers and thermal burn wounds, secondary in-
fections increase time to healing and prolong hospital stay [7]–[10]. The Infectious Dis-
eases Society of America (IDSA) guidelines on diabetic foot infections states that infection 
should be diagnosed clinically on the basis of the presence of purulent secretions (pus) 
or at least 2 of the cardinal manifestations of inflammation (redness, warmth, swelling or 
induration, and pain or tenderness) [11], [12].

Although the incidence of secondary infections in BU is unknown, antibiotics may 
be frequently prescribed for this indication. It is equally unknown which bacteria these 
antibiotics should target and what the susceptibility of these bacteria is. Furthermore, the 
prescribing behaviour of antibiotics used as prophylaxis after surgery or skin grafting is 
unknown. Only limited data are available on resistance of microbes in Bénin and Ghana; 
a study in Ghana found that 18% of the S. aureus were MRSA [12]. The few studies pub-
lished on the prevalence of MRSA in Bénin, showed percentages varying from 17–36% 
depending on the type of samples studied [13], [14]. Resistance patterns of E. coli were 
described in faeces from healthy volunteers and patients with diarrhea. No Extended-
Spectrum beta-lactamase (ESBL) producing enterobacteriaceae were found in these two 
studies, but there was a high resistance to locally used antibiotics [15],[16]. In a 500 bed 
hospital in Abomey 22% of the E. coli were ESBL positive [17]. An antibiotic policy that is 
adjusted to the expected microbes and resistance of these microbes can make antibiotic 
use more effective, with lower daily defined doses of antibiotics per person, leading to 
less side-effects, and with less resistance. Such policy will also save resources in an envi-
ronment where resources are scarce.

The prescribing behaviour of antibiotics for secondary infections or as prophylaxis 
in BU interventions was studied, and cultures of ulcers were taken to provide data for the 
development of future guidelines for the use of antibiotics for this indication.
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Methods

Prescribing behaviour

Data were retrieved from files of patients that started treatment with streptomycin and 
rifampicin in the period August–October 2009 in the ‘centre de dépistage et de traitement 
de l’ulcère de Buruli’, Lalo, Bénin. The same data were retrieved from hospital files on pa-
tients that started treatment in the period August–December 2009 in the ‘centre dépistage 
et de traitement de l’ulcère de Buruli’, Allada, Bénin, and in the period March 2008–March 
2009 in Agogo Presbyterian Hospital, Agogo, Ghana. Records were studied in August 
and September 2010, so that follow-up of these patients was already completed. Patient 
characteristics and the type of lesion were recorded. Data on antibiotic use different from 
rifampicin/streptomycin, as well as the indication for these prescriptions, the dosage and 
duration as well as the clinical presentation at the start of treatment were retrieved.

Microbiological methods

Between October and December 2010, 20 consecutive patients with an ulcerative le-
sion reporting for BU treatment were enrolled after consent and followed longitudinally. 
Before the start of treatment, and before washing or the application of antiseptics, a swab 
was taken both from the undermined edge and from the center of the ulcer. Swabs were 
also taken at 6 weeks after start of treatment and at 12 weeks (this is 4 weeks after finish-
ing the 8 weeks rifampicin/streptomycin). Apart from these 20 patients followed in time, 
we intended to enrol 25 patients in the villages and 25 patients admitted in the hospitals 
after consent with only one culture taken at a random moment during or after treatment. 
The clinical presentation (including local and/or systemic signs of a secondary infection) 
and previous use of antibiotics was recorded for all patients.

Results of the cultures were not reported to the treating physicians in order to 
avoid interference with antibiotic prescribing that would be based on superficial cultures.

Samples were cultured on a medium of Trypcase Soy Agar + 5% Sheep Blood and 
Chapman Agar (both Biomerieux EMB agar). The different microbial isolates were differ-
entiated and antimicrobial susceptibility was performed on Müller Hinton agar with an-
tibiotic discs (Rosco Diagnostica). Detection of methicillin resistance was done on Műller 
Hinton agar with the addition of 5% NaCl. The results of the antibiograms were reported 
as either susceptible, intermediate resistance, or resistant. Apart from the antibiotics 
tested in the routine setting, rifampicin and clarithromycin discs were added to the anti-
biograms of gram positive microbes, and streptomycin discs were added to antibiograms 
of both gram positive and negative microbes. Cultures and antibiotic susceptibility test-
ing were performed at the National Public health Laboratory, Cotonou. The method used 
for susceptibility testing was the agar medium diffusion method (Kirby Bauer method). 
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The internal quality control is done with the following reference strains:E. coli ATCC25922 
and S. aureus ATCC25923. The laboratory participates in international quality control with 
the following organizations: Institute Pasteur in Paris, the WHO Collaborating Centers Faro 
in Marseilles (France), and MDSC in Ouagadougou, Burkina Faso.

Statistical methods

From the 20 patients with cultures taken at the same time from the center and the border 
of the ulcer, only the results of the border of the ulcer were used for the descriptive analysis.

Ethics

The protocol and consent forms of the study were approved by the ethical review com-
mittee of the Ministry of Health (Direction de la Formation et de la Récherche en Santé, nr 
IRB6860). For participants in the part of the study obtaining swabs from the Buruli ulcer 
lesions, written and verbal informed consent or assent was obtained from all participants 
aged 12 years or older, and consent from parents, care takers, or legal representatives of 
participants aged between 12 and 18 years of age.

Results

Prescribing behavior

In total, 185 patients started treatment with streptomycin and rifampicin in the study 
periods. 147 Patients had an ulcer, 38 had a plaque as the only lesion. Four patients (2.7%) 
had both an ulcer and a nodule. Median age was 12 years old. Two patients were known 
to be HIV positive; the other patients did not have a relevant medical history.

Of these 185 patients, 51 were admitted because of the severity of the disease or 
because of distance to health care center. Of the 51 admitted patients, 40 (78%) received 
at least one course of antibiotics other than streptomycin and rifampicin during their ad-
mission. The median number (IQR) of antibiotic courses for admitted patients was 2 (1, 5), 
with a maximum number of courses of 13. In Table 1, the different antibiotic strategies for 
suspected secondary infections and prophylaxis extended after three different surgical 
interventions are presented. Apart from the antibiotics prescribed in Table 1, two patients 
received treatment for suspected sepsis with a secondarily infected BU lesion as focus. 
One of them received ampicillin, gentamicin and metronidazole and the other received 
ceftriaxone and metronidazole. Another patient received ampicillin and metronidazole as 
prophylaxis extended after bone surgery for disseminated BU.
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Different antibiotic combinations were started during the treatment with strepto-
mycin and rifampicin sixteen times. Median number of days passed between start of strep-
tomycin and rifampicin and the first time other antibiotics were prescribed was 63 days.

Table 2. Clinical signs reported before start of antibiotics for a suspected secondary infected BU.

Clinical sign

Oozing, Pus, ”Wound looks dirty” 3

Raised WBC or fever 2

Fever with a local sign (swelling, warmth, tenderness) 2

Warmth, swelling or tenderness 2

Oozing and swelling 1

Necrotic tissue 1

Unknown 1

The clinical signs reported when starting a course of antibiotics to treat a Buruli ulcer 
related infection were diverse (Table 2).This prescribing behaviour resulted in a high num-
ber of antibiotics prescribed per 100 patient days of hospitalization (Table 3).

Table 3. Number of days of prescribed antibiotics per 100 days in hospital. *Standard treatment 

of M. ulcerans with 56 days of rifampicin and streptomycin not included in this table.

Antibiotics* Days antibiotics used in therapeutic 
dosage per 100 days in hospital

Penicillin G 0.1

Cloxacillin/Flucloxacillin 6.2

Amoxicillin/Ampicillin 2.9

Ceftriaxone 0.4

Ciprofloxacin 3.2

Gentamycin 1.9

Cotrimoxazole 1.1

Metronidazole 6.9

Clindamycin 0.4

Total 23
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Microbiological results of Buruli ulcer lesions in Bénin

Culture results

In 71 patients (20 patients with follow-up cultures, 26 hospitalized patients and 25 out-
patients) 106 cultures were taken from a BU lesion. S. aureus was less frequently found 
during therapy with streptomycin and rifampicin, further distribution (Table 4) of results 
seemed similar before, during or after antibiotic therapy. Looking separately at the 20 
patients that were followed longitudinally (before the start of antibiotics, after 6 and after 
12 weeks), showed a similar pattern with less frequently S. aureus found in the culture 
after 6 weeks of antibiotic therapy. In these 20 patients cultures were taken from the 
center of the lesion, and from the undermined edges of the ulcers before the start of 
treatment. Isolates did not significantly differ between these two, but cultures from the 
undermined edges were more often negative than from the center of the ulcer (18% vs. 
9%, p = 0.34 Chi-square). None of the cultures was taken during antibiotic treatment other 
than streptomycin or rifampicin.

Table 4. Results of cultures in 71 patients before, during or after treatment with streptomycin 

and rifampicin. For patients followed longitudinally, only cultures from the center of the ulcer 

were included at inclusion (cultures from border gave similar results).

before SR  
(59 cultures)

during SR  
(16 cultures)

after SR  
(31 cultures)

Total  
(106 cultures)

Group A streptococcus 4 0 2 6

Group B or C streptococcus 2 1 0 3

S. aureus 15 0 11 26

S. epidermidis 0 1 0 1

Staphylococcus sp 0 0 1 1

Pseudomonas aeruginosa 13 5 12 30

Enterobacteriaceae 19 6 8 33

Negative culture 19 (32%) 4 (25%) 7 (23%) 30 (28%)
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Clinical presentation at moment of culture

At the moment the culture was performed, 38 patients had one local sign of a second-
ary infection and 12 patients had two local signs of a secondary infection. Of these 12 
patients with two local symptoms, only one culture turned out to be negative. Only one 
of these 12 patients was clinically considered to have a secondary infection and started 
treatment with additional antibiotics after the cultures were taken. In the other positive 
cultures, a distribution of bacteria similar to Table 4 was found. At the moment cultures 
were taken none of the patients showed a systemic sign of a secondary infection.
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Susceptibility pattern of bacteria cultured

In total 124 microorganisms were cultured, including the follow-up cultures and the cultures 
at the border and at the center of the lesion. The susceptibility pattern of the cultured micro-
organisms is presented in Table 5, susceptibility of the cultured MRSA in Table 6. Thirteen of 
the 34 (38%) S. aureus isolates were resistant to oxacillin and were therefore probably MRSA. 
This percentage was not substantially different in patients before admission or before start 
of antibiotic treatment. Based on resistance to ceftriaxone and susceptibility to amoxicillin/
clavulanic acid, we expect that there was one ESBL producing Klebsiella pneumoniae.

Table 6. Sensitivity of the cultured MRSA.

MRSA = 13 S I R

Gentamycin 13 0 0

Streptomycin 1 2 10

Clarithromycin 4 1 8

Chloramphenicol 4 0 9

Ofloxacin 10 3 0

Discussion

Currently there is no specific guideline for the prescription of additional antibiotics to BU 
patients suspected to have secondary infection. However, our findings indicate that pre-
scribing additional antibiotics is widespread among BU patients that are admitted to the 
hospital because of the severity of their BU or distance to health care. Moreover, the type 
and duration of these antibiotic courses is highly variable, even within the same indica-
tion. Antibiotics were most frequently prescribed as prophylaxis of secondary infections 
extended after surgical procedures rather than for the treatment of suspected second-
ary infections. Surprisingly, duration of this prophylaxis was even longer than for actual 
treatment of secondary infections. This frequent use of antibiotics leads to unnecessary 
costs, antibiotic resistance, and side-effects for the patients with possible long term con-
sequences. For example, prescribing gentamicin during the therapy with rifampicin and 
streptomycin imposes a serious risk of aminoglycoside toxicity.

In general, skin surgery is not an indication for antimicrobial prophylaxis, there-
fore prophylaxis after excision and after debridement [18] is not considered as indicated. 
However, there is some inconclusive evidence that in skin grafts systemic perioperative 
antibiotic prophylaxis contributes to the autograft survival [19]. Ramos et al. found a rate 
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of autograft survival for the group of patients with burns using two days of perioperative 
antibiotic prophylaxis of 97% versus 87% in the group without prophylaxis [20]. In pa-
tients with arterial and venous ulcers no differences in graft survival was observed with 
perioperative use of antibiotics [21].

As stated by the IDSA guidelines it is unlikely that benefit is conferred by the ad-
ministration of additional doses after the patient has left the operating room [18], [22], 
[23]. Antimicrobial prophylaxis should certainly be discontinued within 24 hours of the 
operative procedure since prolonged antibiotic prophylaxis contributes to antimicrobial 
resistance [18], [24], [25]. In case clinicians decide to give perioperative antibiotics in skin 
grafting, advice for use of appropriate antibiotics is given in Figure 1. Although MRSA is 
frequent and community acquired, suggested antibiotic therapy as prophylaxis in skin 
grafting in Figure 1 does not cover MRSA. The alternatives vancomycin or ofloxacin/cipro-
floxacin are not appropriate as prophylaxis due to resistance development to these antibi-
otics and/or costs. Studies on the use of vancomyin as prophylaxis in medical centers with 
high MRSA prevalence are controversial in preventing surgical site infections [26], [27].

Report of clinical symptoms of secondary infections may not always have been 
complete in the files, but different clinical signs were reported in patients receiving antibiot-
ics for suspected secondary infection. These clinical signs seem nonspecific; in patients not 
clinically suspected to have a secondary infection, the same local and systemic signs were 
frequent as well. The diagnosis of a secondary infection of the BU therefore remains difficult 
to ascertain. A paradoxical response may be an alternative diagnosis in patients suspected 
of a secondary infection [28]. A superficial culture of the wound as done in the study is 
certainly not helpful in the diagnosis of a secondary infection and can not guide individual 
care [29], [30], [31]. In this study, we performed cultures to make an inventory of isolates and 
local resistance patterns to enable the first steps to an antibiotic guideline. Superficial swabs 
yield a greater range of organisms than do deeper tissue material due to contaminants not 
involved in the secondary infection and yet may fail to identify some of the deep-seated 
organisms. If a culture is needed to guide antibiotic therapy, tissue specimens obtained by 
biopsy, ulcer curettage or aspiration are preferred [11]. Such cultures would have been pref-
erable for this study but were not performed for ethical reasons. Such procedures are more 
invasive, and moreover, most included patients were not suspected to have a secondary 
infection and they would therefore not benefit from a deep tissue biopsy.

Another limitation of the study is the limited number of positive cultures, yet we 
think this number of isolates reflects the micro-organisms in the superficial swabs in gen-
eral and this information guides antibiotic treatment suggestion. Further studies are 
needed to gather more information on the susceptibility of the highly prevalent MRSA. 
Patients treated in the out-patient setting did not have reported use of antibiotics apart 
from streptomycin and rifampicin, but we are not informed on antibiotics that may have 
been used by these patients prescribed by other doctors than the doctors treating their 
BU or that patients bought without prescription.
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The high percentage of MRSA cultured is worrisome. The prevalence of MRSA 
was equally high among patients before start of treatment, suggesting this MRSA may be 
community acquired. In Benin, antibiotics are freely available, and are often used without 
prescription, and a recent study showed that BU patients often use left-over antibiotics to 
reduce pain and inflammation before reporting to the hospital [32]. Improved wound care 
and antibiotic therapies in case of clinical suspicion of a secondary infection of the BU are 
suggested in Figure 1. This figure is based on availability, WHO Essential Drug Lists 2011, costs 
and the high prevalence of community acquired MRSA. If treatment contains gentamicin, 
treatment with streptomycin and rifampicin should be stopped temporarily, to limit toxicity. 

Prophylaxis after surgical 
excision or debridement 

Prophylaxis after skin 
graft 

Suspected secondary 
infection without 
systemic signs 

Suspected secondary 
infection with systemic 
signs 

No antibiotics 

No antibiotics, group A streptococcus and 
S. aureus both covered by rifampicin 

After treatment with streptomycin and rifampicin is finished (evidence scarce): 
• IV single dose flucloxacillin < 30 min. before start of surgery (35). Repeat 

if surgical intervention > 3 hours. 
• IV single dose cloxacillin < 30 min. before start of surgery. Repeat if 

surgical intervention > 3 hours. 
• Oral single dose flucloxacillin 1 hour before surgery. Repeat if 

intervention > 3 hours. 
• Oral single dose cloxacillin 1 hour before surgery. Repeat if intervention 

> 3 hours. 
• IV cefazolin < 30 min. before start of surgery. Repeat if intervention > 4.5 

hours. 
• In case of allergy for beta-lactam antibiotics oral clindamycin 1 hour 

before surgery or iv clindamycin < 30 minutes before surgery. Repeat if 
intervention > 6 hours. 
 

Improved wound care 

Take deep tissue and blood cultures, if possible before start of antibiotics. 
Improved wound care. 
Empiric antibiotics: 
• Oral amoxicillin / clavulanic acid and ofloxacin for 10 days. 
• Oral amoxicillin / clavulanic acid and ciprofloxacin for 10 days. 
• IV amoxicillin / clavulanic acid and ofloxacin for 10 days. Switch to oral 

when possible. 
• IV amoxicillin / clavulanic acid and ciprofloxacin for 10 days. Switch to oral 

when possible. 
• If hemodynamically unstable: stop rifampicin and streptomycin. IV 

Amoxicillin / clavulanci acid and IV gentamycin at 5mg/kg once daily. 
• If hemodynamically unstable and vancomycin available: start vancomycin 

combined with ciprofloxacin or ceftazidim. 
Culture results known: Consult microbiologist, adjust antibiotics accordingly. 

 

Figure 1. Suggested guideline for use of antibiotics in prophylaxis and suspected secondary infections.

Even though secondary infections were not frequent, the high prevalence of 
MRSA complicates treatment. Further studies are needed to have a more precise sus-
ceptibility pattern of S. aureusin this patient population. To deal with the currently found 
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high prevalence of MRSA, facilities at the BU treating centers will have to be improved. 
Laboratory facilities that enable cultures and testing for MRSA are highly necessary along 
with knowledge about rational prescribing and the possibility to consult clinical microbi-
ologists or infectious diseases specialist to help interpreting the results. In case patients 
are suspected to have a secondary infection not responsive to appropriate wound care, 
a deep tissue biopsy should be sent for culture before the start of antibiotic treatment. 
In case of systemic signs, blood cultures should also be performed if possible. Vancomy-
cin is on the complementary list of the WHO Essential drug list 2011but it is not available 
in most centers. However, with the MRSA prevalence as found, it seems an essential 
drug. Its use is complicated by high costs and need for plasma drug concentration moni-
toring to limit toxicity.

Treatment of osteomyelitis is not included in the figure; in the year 2000 a study 
showed that only in 16% of the osteomyelitis patients another germ than M. ulcerans 
was involved [33]Whether this percentage is still accurate is unknown and this should 
be studied during ongoing drug studies. Especially because of long treatment duration, 
in case of osteomyelitis, cultures should be sent from bone debridement/biopsy to guide 
antibiotic therapy for potential non-MU organisms, if possible.

Strategies to optimize wound care in Buruli ulcer patients should be studied, as no 
information is currently available. However, all measures to prevent healthcare associated 
infections should be actively implemented in all facilities implementing wound care.

Periodic routine culturing of wounds should be performed (e.g. once every 2 years) 
to remain updated on the prevalence of MRSA and possible development of resistance. 
Rational antibiotic prescribing behaviour should be stimulated in centers treating BU [34], 
[35]Adherence to Figure 1 in prescribing antibiotics different from the streptomycin and 
rifampicin will have a major impact on antibiotic use in the BU treatment centers, saving 
money and toxicity and limiting of further antimicrobial resistance development. This 
topic should be included in general protocols on the management of BU.
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Abstract

Buruli ulcer (BU) is an infectious skin disease that occurs 
mainly in West and Central Africa. It can lead to severe 
disability and stigma due to scarring and contractures. Ef-
fective treatment with antibiotics is available, but patients 
often report to the hospital too late to prevent surgery 
and the disabling consequences of the disease. In a highly 
endemic district in Ghana, intensified public health efforts, 
mainly revolving around training and motivating Com-
munity Based Surveillance Volunteers (CBSVs), were imple-
mented. As a result, 70% percent of cases reported in the 
earliest – WHO Category I- stage of the disease, potentially 
minimizing the need for surgery. CBSVs referred more cases 
in total, and more cases in the early stages of the disease 
than any other source. CBSVs are an important resource 
in the early detection of BU.
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Buruli Ulcer (BU) is a neglected tropical infectious skin disease caused by Mycobacterium 

ulcerans that is mainly endemic in West- and Central-Africa. BU typically starts with a small 
nodule that eventually ulcerates 1, and often affects people in remote, rural areas with 
limited access to health care. Here, the disease is perceived to be caused by witchcraft or 
a curse, and patients often resort to traditional treatment, and report to the health facil-
ity late 2, 3. The currently recommended treatment of eight weeks of streptomycin and 
rifampicin is highly effective in resolving the infection 4, but with late presentation, most 
ulcers require surgery, prolonged hospitalization, and have a higher risk of contractures 
and disability 5, 6.

A relevant measure of early reporting is the size of the lesion, which is reflected 
by the WHO categorization system for BU. In this system, a category I lesion is below 
5 cm in cross-sectional diameter, a category II lesion is between 5 and 15 cm in diameter, 
and a category III lesion is larger than 15 cm in diameter – or involving critical sites, 
e.g., the eye, or genitals. Currently, only 32% of BU cases in Africa report to the hospital 
with a category I lesion, i.e. in the earliest stage of the disease 7. Late reporting has 
consequences for subsequent management. In 3 recent large case series, between 25% 
and 72% of patients required surgery in addition to drug treatment 8–10, with the size of 
lesion at presentation being the major risk factor, and in one study 30% of patients were 
hospitalized for the full duration of their treatment 9.

Early detection of cases appears to be of vital importance, and could, together 
with standardized drug treatment, drastically reduce the need for hospitalization and sur-
gery. There are indications that Community Based Surveillance volunteers (CBSVs) can be 
effective in the early referral of BU cases 11, but solid evidence is lacking 12. Here, we report 
on the early detection activities of the BU clinic in Agogo, in the Ashanti region of Ghana, 
where recent advances in diagnosis and treatment of BU have been implemented, and 
have been combined with rigorous public health efforts aimed at early detection and 
decentralized care. 

Agogo, where the Agogo Presbyterian Hospital and the BU clinic are based, is 
a relatively affluent town in the Ashanti region of Ghana. The endemic communities in its 
catchment area, however, are remote rural farming communities, and are characterized by 
high levels of poverty and illiteracy, and do not have access to running water or electricity.

Two main methods were used for early detection of BU cases. First, BU team mem-
bers join outreach activities of the National Immunization Program and visit a different 
community each month, mainly targeting schools. In addition, the BU team visits each 
endemic community in the evening once a year. During these evenings, a presentation 
is given about the disease and WHO documentaries on Buruli ulcer are shown, and com-
munity members are screened for the disease.

Second, a network of 44 Community Based Surveillance Volunteers (CBSVs) has 
been established, with one volunteer for each community in the catchment area of Ago-
go Presbyterian Hospital. The CBSVs are usually not selected by the health authorities, but 
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nominated by opinion leaders in their communities, on the basis of such perceived traits 
as interest in the disease, being proactive and being knowledgeable in general. There 
are no formal criteria, but all CBSVs are literate, yet none of them have had any previous 
training or experience in healthcare. 

The CBSVs come to the hospital for training by the BU team approximately once 
every three months. CBSVs are encouraged to do home visits and to actively screen com-
munity members for BU in schools, churches and mosques, and to monitor treatment 
compliance of BU patients receiving medication. Over the years the CBSVs were equipped 
with bicycles and mobile phones to facilitate transportation and communication.

CBSVs transportation costs (approximately US$1.5) are reimbursed when they ac-
company a patient to the hospital, and for each case that is confirmed by PCR, an incen-
tive of approximately US$3 is given. 

Tissue swabs or fine needle aspirates are sent for diagnostic confirmation by PCR 
to a reference laboratory 80 km away in Kumasi, the regional capital, and the results come 
back within one week. Once diagnosed, the patient is counseled, and given a 14 day sup-
ply of rifampicin and streptomycin. Drugs and dressing materials are supplied by Ghana’s 
National Buruli Ulcer Control Program, and are provided free of charge. Streptomycin 
administration by intramuscular injection and dressing take place in health centers in the 
communities, and patients come for review to the hospital once every two weeks.

To measure the impact of the early detection activities at Agogo, we collected 
clinical data from patients seen at the Agogo BU clinic between 2009 and 2013. We chose 
2009 as the start, as by this year, PCR confirmation of cases had become standard practice. 
The total number of BU cases seen for the period was 451. Fifty-three percent (53%) of 
cases were female, and 58% of cases were younger than 16 years. The category of le-
sions by source of referral are shown in figure 1. In total, 70% of patients presented with 
a category I lesion, 17% presented with a category II lesion, and 13% presented with 
a category III lesion. Forty percent (40%) of patients presented with nodules. CBSVs were 
the single most important source of cases for the clinic over the past five years, with 
45% of cases being referred by them. Other referrals came from health workers, former 
patients, or were self-referrals.

CBSVs reported more cases in the early stages of the disease than any other group. 
Seventy-nine percent (79%) of cases referred by CBSVs were category I lesions compared 
to 60% of cases referred by health workers (p < .001 by Χ2), 72%% of cases that were self-
referrals (not significant by Χ2), and 59% of cases referred by former patients (p = .013 
by Χ2). Another indicator of early detection is the percentage of patients who present 
in the earliest – nodular – stage. Forty-nine percent (49%) of cases referred by CBSVs were 
nodules, versus 38% of cases referred by health workers (p = .047 by Χ2), 33% of cases 
that were self-referrals (p = .014 by Χ2), and 41% of cases referred by former patients (not 
significant by Χ2).
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Of the 451 cases reported, 375 (83%) were confirmed by PCR. As an indication for 
the quality of the referrals by CBSVs, the rate of cases that were confirmed by PCR did not 
differ between CBSVs and health workers (86% vs 83%, not significant by Χ2).

Originally, care for BU has been largely hospital based, with an average duration 
of hospitalization of more than 100 days 13. However, the advent of successful antibiotic 
treatment together with early detection has the potential to shift the focus to community 
based care. Although a high standard of clinical care is still necessary for more advanced 
cases, we believe that national and local programs should now focus on public health 
aspects of BU control – health education and early detection. 

The CBSVs program at Agogo is a relatively simple and inexpensive program, us-
ing lay community members, who receive basic training and are provided with modest 
logistic support. However, as our findings show, this program is the largest source of BU 
cases referred to the clinic, with a good quality of referrals, and with more patients in the 
early stages of the disease than any other referral source. Early detection can drastically 
reduce the need for surgery and advanced wound care. This in turn can pave the way for 
decentralized care in the affected communities, reducing the impact on the healthcare 
system, and the loss of schooling and productivity associated with prolonged hospitaliza-
tion.

A key element of the program is the financial incentive scheme, which motivates 
the CBSVs to invest time in their task. Based on the number of cases reported in this pa-
per, the cost of implementing this incentive scheme was less than US$ 400 per year. The 
incentive is only given for PCR-confirmed cases. This ensures that the clinic is not flooded 
with dubious referrals simply to obtain an incentive, and motivates the CBSVs to develop 
good diagnostic skills.

Certainly there will be circumstances where the structure of the Agogo BU pro-
gram might be less appropriate. For instance, in situations where cases are scattered 
across the country, distances are extremely large, or with cases only present in small num-
bers, an extensive system of village volunteers liaising with local health posts might not 
be cost-effective, but our experience can be adapted to the local situation. In endemic 
areas, a strong focus on early detection involving CBSVs, coupled with standardized but 
decentralized treatment will likely minimize the need for long hospitalization and surgery, 
and prevent disability.
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Dear editor,

We read with great interest the study by Philips et al.(1), reporting on successful out-
comes of the combination of streptomycin and rifampicin for two weeks followed by 
clarithromycin and rifampicin for six weeks in the treatment of Buruli ulcer (BU). Currently, 
drug treatment for BU consists of 8 weeks of intramuscular streptomycin and oral rifam-
picin. However, several recent studies, including the one by Philips et al. have described 
good outcomes with (partly) oral therapy using rifampicin and clarithromycin(1–3), and 
a randomized controlled trial comparing the standard treatment with fully oral therapy is 
currently underway(4).

Oral therapy is highly desirable, as intramuscular injections are painful and admin-
istration is logistically complicated in a rural African setting, sometimes forcing patients 
to travel several hours daily for 8 weeks to the nearest health facility. In addition, strepto-
mycin carries a considerable risk for toxicity(5).

These factors might negatively affect treatment compliance. The current WHO 
recommended strategy of early detection and decentralization of treatment favors com-
munity based care over clinical admission. However, compared to hospital based care, 
assuring compliance might be challenging, although adherence in BU under service 
conditions has never been studied. WHO issued a BU case record form that has been 
widely used in the context of National programs, with precise recording of drug dos-
ages administered. We reviewed these forms at the BU clinic of Nkawie-Toase Hospital 
in Ghana. Of the 286 BU patients treated between 2008 and 2012, only 46% completed 
the recommended 56 doses of streptomycin and rifampicin. Non-compliance was signifi-
cantly associated with self-referral, female gender, smaller lesions, and travel time.

We attempted to follow-up on these non-compliers, and were able to locate 57 
former BU patients. When asked for their reasons of defaulting, 35% mentioned travel 
costs, 19% stopped coming when their ulcer got healed, and 14% defaulted due to the 
ototoxic adverse effects of streptomycin.

This large number of defaulters is perhaps not representative for BU drug treat-
ment in Ghana. Yet, these findings indicate that non-compliance is in part related to 
streptomycin- both due to its toxicity, and the cumbersome and costly daily travel to 
the health facility for its administration. On the other hand, oral therapy might present 
inherent challenges in terms of compliance, as patients can be supplied with a full course 
of drugs to be taken at home, and patients will not be regularly seen at the health facility 
if no alternative from of directly observed treatment is provided.

The possible transition to an oral regimen has many apparent advantages, but can 
pose a challenge to national programs and local services in terms of compliance. Studies 
that combine or compare oral and parenteral regimens, such as the one by Phillips et 
al. can potentially shed more light on this issue, and we therefore urge authors of these 
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studies to comment on their experiences with compliance in both modes of treatment. 
In addition, should oral therapy be implemented outside of a research setting, we sug-
gest that compliance should be systematically monitored.
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Abstract

Background. Buruli Ulcer is a tropical skin disease caused 
by Mycobacterium ulcerans, which, due to scarring and 
contractures can lead to stigma and functional limitations. 
However, recent advances in treatment, combined with 
increased public health efforts have the potential to signifi-
cantly improve disease outcome.
Objectives. To study the Quality of Life (QoL) of former 
Buruli Ulcer patients who, in the context of a randomized 
controlled trial, reported early with small lesions (cross-
sectional diameter < 10 cm), and received a full course of 
antibiotic treatment.
Methods. 127 Participants of the BURULICO drug trial 
in Ghana were revisited. All former patients aged 16 or older 
completed the Dermatology Life Quality Index (DLQI) and 
the abbreviated World Health Organization Quality of Life 
scale (WHOQOL-BREF). The WHOQOL-BREF was also ad-
ministered to 82 matched healthy controls. Those younger 
than 16 completed the Childrens’ Dermatology Life Quality 
Index (CDLQI) only.
Results. The median (Inter Quartile Range) score on the 
DLQI was 0 (0–4), indicating good QoL. 85% of former 
patients indicated no effect, or only a small effect of the 
disease on their current life. Former patients also indicated 
good QoL on the physical and psychological domains of 
the WHOQOL-BREF, and scored significantly higher than 
healthy controls on these domains. There was a weak cor-
relation between the DLQI and scar size (ρ = 0.32; p < 0.001).
Conclusions. BU patients who report early with small le-
sions and receive 8 weeks of antimicrobial therapy have 
a good QoL at long-term follow-up. These findings contrast 
with the debilitating sequelae often reported in BU, and 
highlight the importance of early case detection.
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Introduction

Buruli ulcer (BU) is listed by the World Health Organization (WHO) as a neglected tropi-
cal disease, caused by infection with Mycobacterium ulcerans. Although the disease has 
been reported from as many as 30 countries around the world, it is currently most com-
mon in West and Central Africa, and it predominantly affects the rural poor. Typically, the 
disease starts with a small, painless nodule that progresses into a large necrotizing ulcer 
over the course of several weeks. After treatment, although the ulcer usually heals, there 
is a high risk of significant scarring, contractures and functional limitations [1–3].

In the socio-economic context of rural Africa, functional limitations and stigmatiz-
ing scars can have severe consequences. In a study of 638 former BU patients in Ghana 
and Benin, 57% appeared to have a functional limitation, and school dropout, financial 
difficulties and job loss were frequent consequences of the disease [2]. People in endem-
ic communities sometimes perceive the disease to be caused by a curse or witchcraft, 
and the resulting stigma can cause social isolation and problems with finding work or 
a spouse [4–6]. Although the treatment for BU is free of charge, the costs associated with 
hospitalization can be devastating for the household economy and frequently cause fam-
ily members to cease providing financial and social support to patients [7]. 

However, over the past decade, the main mode of treatment has shifted from sur-
gery to antibiotics, with high rates of cure [8]. In addition, significant public health efforts 
have been directed at detecting BU at an early stage and educating affected communi-
ties about the disease. Conceptually, both factors combined should reduce scarring, con-
tractures, and stigma, and improve the subsequent quality of life (QoL) of former patients.

To our knowledge, the QoL of former BU patients has not yet been studied. In lep-
rosy and podoconiosis, similarly deforming and stigmatizing skin conditions occurring 
in the tropics, several studies on QoL have been conducted in Bangladesh, Brazil, China, 
Ethiopia, Ghana, and India 9–15. In general, these studies show that patients report a sub-
stantially lower QoL than controls [9–11]. There appears to be some relationship between 
QoL and the severity of the disease in terms of number of lesions, functional limitations, 
stigma, and deformities [11–15]. Studies from Ethiopia in podoconiosis patients, a dis-
abling and stigmatizing geochemical elephantiasis of the foot, found that a dermatology-
specific QoL instrument was valid and sensitive to therapeutic change [16, 17].

These studies demonstrate that measuring QoL with standardized questionnaires 
in rural Africans suffering from skin diseases is feasible. Moreover, as both leprosy and 
podoconiosis were shown to have a significant impact on QoL they show that measuring 
QoL in these populations is warranted. In the current study, we report on the disease-
specific and general QoL of former BU patients who previously presented with small, early 
ulcers and who were treated with a full course of 8 weeks of antibiotics.
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Method

Sample size and patient recruitment

Our study subjects were former BU patients that had earlier participated in the BURULICO 
trial, conducted between 2006 and 2009 in Ghana, registered with number NCT00321178 
at clinicaltrials.gov. For that trial, patients aged 5 years or older, clinically diagnosed with 
early (duration < 6 months), limited (cross-sectional diameter of induration < 10 cm, in-
cluding plaques and oedemas) M. ulcerans infection were included, and randomized to re-
ceive either 8 weeks of streptomycin at 15mg/kg daily (max 1000 mg daily) and rifampicin 
at 10mg/kg daily (max 600 mg daily), or 4 weeks of streptomycin and rifampicin, followed 
by 4 weeks of rifampicin and clarithromycin at 7.5mg/kg daily. The rate of healing did not 
differ between both arms. Patients had a median age of 12 and 30% were male [8].

For the present follow-up study, participants were traced between June and No-
vember 2012 by visiting their last known village or through telephone contact if available. 
If the former patient was no longer living at the last known village, neighbors, relatives, 
and community leaders were asked for additional information. When a former patient 
was located, he or she was informed about the study, given time to consider participa-
tion, and asked for consent.

Questionnaires

The Cardiff Dermatologic Life Quality Index (DLQI) and its pediatric adaptation the Child-
rens Dermatologic Life Quality Index (CDLQI) are dermatology-specific QoL instruments 
[18, 19]. Both contain 10 questions with scores on a question ranging from 0 to 3. The total 
score is calculated by summing the score of each question resulting in a maximum of 30 
and a minimum of 0. The higher the score, the more QoL is impaired. In addition, to facili-
tate interpretation, banding scores are available for both the DLQI and CDLQI, with a score 
of 0 or 1 indicating no effect, a score between 2 and 5 a small effect, a score between 
6 and 10 a moderate effect, a score between 11 and 20 a very large effect, and a score 
between 21 and 30 an extremely large effect on the patients’ life. The DLQI was designed 
for patients aged 16 or above, and the CDLQI for those aged between 4 and 16. Both the 
DLQI and CDLQI have been extensively validated, but only the DLQI has been used in low 
and middle Income countries, including sub-Sahara Africa [9, 16, 20, 21]. Both the DLQI 
and CDLQI were translated into the local language, Twii, according to the instructions of 
the authors of the original questionnaires. Two independent translators separately trans-
lated the questionnaire from English into Twii, and discussed their translations to arrive 
at a single Twii translation. A third and fourth translator then independently translated 
the questionnaires back into English. Next, the back-translations were reviewed by the 
original authors of the questionnaire . After initial comments and a subsequent cycle of 
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translation and back-translation, the questionnaire authors approved this back-transla-
tion for further use. Finally the agreed translation was pretested in a group of 8 former 
BU patients that did not participate in the BURULICO trial, asking them about the clarity, 
understandability and wording of the questions. In this pretest no further issues arose.

The WHO Quality of Life-BREF (WHOQOL-BREF), is an international cross-culturally 
comparable generic QoL assessment instrument [22]. It assesses the individuals’ percep-
tions in the context of their culture and value systems, and their personal goals, stan-
dards and concerns. It comprises 26 items, which measure 4 domains: physical health, 
psychological health, social relationships, and environment (satisfaction with one’s living 
conditions). In addition, two questions measure general health and general QoL. The 
score on each question ranges between 1 and 5, and for each domain a total score is 
computed that ranges between 20 and 100, with a higher score indicating a better QoL. 
No specific age range is given for the WHOQOL-BREF, but it was designed for adults. The 
WHOQOL-BREF was also translated into Twii according to the procedure outlined above 
for the DLQI and CDLQI, with the exception that the back translations were not reviewed 
by the authors of the questionnaire but by the study team. Effect sizes of the difference 
in WHOQOL-BREF domains between former patients and controls were calculated using 
the formula z / √N, where z is the z-score of the U statistic, and N is the total sample size.

The Buruli Ulcer Functional Limitation Score (BUFLS) is a questionnaire that con-
sists of questions related to 19 common daily activities of people living in endemic areas 
[2, 23]. Each item is scored between 0 and 2, with 0 indicating no difficulties in perform-
ing the activity compared to age- and sex matched community members, 1 indicating 
difficulties performing the activity, and 2 indicating that the former patient is unable to 
carry out the activity at all. In the calculation of the individual functional limitation score, 
the sum is divided by the maximum possible score for that individual, multiplied by 100%. 
A higher score therefore indicates more functional limitations, with a range between 0% 
and 100%. A score cannot be calculated if more than 6 items are not applicable.

Procedures

Former patients currently aged 16 or above were administered the WHOQOL-BREF, DLQI 
and BUFLS questionnaires, and former patients currently aged below 16 were adminis-
tered the CDLQI and BUFLS only. The WHOQOL-BREF was also administered to 82 age, 
sex, and occupation (farming, schooling or other) matched healthy controls that lived 
in the same villages as the former BU patients on separate visits. All potential controls 
were asked whether they were currently sick or injured, and whether they were on any 
medication; they could only participate if they answered both questions with no. Due 
to high rates of illiteracy among the participants, all questionnaires were administered 
orally in a quiet private place by three trained local hospital staff members. In addition 
all patients were asked about the presence of pain (Yes/No) and itch (Yes/No), marital 
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status, level of eductation and employment. Also, for all former patients the scar size was 
determined by tracing it on a transparent sheet, scanning it, and measuring the surface 
with ImageJ software.

Ethics

The study protocol was approved by the Committee on Human Research, Publication, 
and Ethics of the Kwame Nkrumah University of Science and Technology and the Komfo 
Anokye Teaching Hospital, Kumasi (reference number CHRPE/AP/133/12). Written and 
verbal informed consent or assent was obtained from all participants aged ≥ 12 years, 
and consent from parents, or legal representatives of participants aged ≤ 18 years.

Results

Patient population

127 individuals (84%) of the 151 former participants of the BURULICO trial were located 
for follow up, and none declined to participate. The median duration between drug 
treatment and enrolment in the current study was 5 years. Although the trial had taken 
place in the Ashanti region of Ghana, many former patients had moved away from the 
study site, and patients were retrieved in 9 of 10 Ghanaian regions, including the three 
Northern regions more than 700 kilometers and approximately 10 hours by road from 
the original study site. 68% of the retrieved former patients were female, and the median 
age at follow-up was 18 years. 71 former patients were age-eligible, and completed the 
DLQI, but due to an error the WHOQOL-BREF was not administered to 4 former patients, 
so data on this questionnaire were only available for 67 former patients. The remaining 
56 former patients were administered the CDLQI only. There was no missing data on the 
DLQI and CDLQI, and a maximum of 2 missing answers per QoL domain on the WHOQOL-
BREF, meaning that domain scores could be calculated for every subject. Item 21 of the 
WHOQOL-BREF, “how satisfied are you with your sex life?”, caused considerable confusion 
among many former patients who were not married. Even after repeated explanation 
that one could still have an opinion about one’s sex life if you are not married (i.e. be 
dissatisfied with it), it was poorly understood and hence left open on 20 of the 67 ques-
tionnaires. Due to a printing error, the BUFLS was not administered to one former patient, 
but meaningful scores (i.e. less than 6 items not applicable) could be computed for all 
other patients.
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Table 1. Scale descriptives for the DLQI, CDLQI and WHOQOL-BREF subscales. N = 71 for the DLQI, 

N = 67 for the WHOQOL-BREF, and N = 56 for the CDLQI. SD = standard deviation, IQR = interquar-

tile range. DLQI = Dermatology Life Quality Index, CDLQI = Childrens Dermatology Life Quality 

Index, WHOQOL-BREF = abbreviated World Health Organisation Quality of Life instrument.

Scale Mean (SD) Median (IQR) Range Cronbach’s α

DLQI 2.3 (3.4) 0 (0–4) 0–11 .78

CDLQI 2.6 (3.2) 1 (0–4.5) 0–11 .57

WHOQOL-BREF Physical 75.9 (12.0) 80 (69–86) 37–94 .63

WHOQOL-BREF Psychological 70.9 (12.1) 70 (60–80) 40–97 .62

WHOQOL-BREF Social 67.9 (18.0) 68 (53–80) 20–100 .55

WHOQOL-BREF Environmental 65.1 (11.6) 68 (58–73) 35–88 .66

Table 2. Banding scores of the DLQI and CDLQI. DLQI = Dermatology Life Quality Index, 

CDLQI = Childrens Dermatology Life Quality Index. 

Effect of scar or contracture 
on patients’ life

DLQI (N = 67) CDLQI (N = 56)

No effect 63% 54%

Small effect 22% 32%

Moderate effect 10% 14%

Very large effect 5% 0%

Extremely large effect 0% 0%

Of the 24 former patients not retrieved, 4 were already lost to follow-up during the 
BURULICO trial, 3 had moved abroad, 2 had deceased, and the fate of the remaining 15 
was unknown. The former patients that were lost to follow-up did not differ significantly 
from those that were retrieved in terms of age, gender or treatment arm. 

Quality of Life scores and patient characteristics

Scores, range, and reliability for the DLQI, CDLQI, and WHOQOL-BREF subscales are shown 
in Table 1. The frequency distributions of the QoL scales are shown in Figure 1. Upon in-
spection, it appears that the psychological and environmental subscales of the WHOQOL-
BREF were normally distributed. The distribution of the DLQI and CDLQI is skewed to the 
left. The banding scores for the DLQI and CDLQI are shown in Table 2.
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Former patients had a median (IQR) scar size of 4.6 (1.4 – 13.5) cm2, and a median 
(IQR) BUFLS score of 2.6% (0% – 13.3%). Only 4 (3%) former patients were unemployed, 
all others were either studying or working. Only 52% of former patients were married, 
but those not married were significantly younger (t = -2.31; p = 0.024). The scar was itchy 
in 26% and painful in 9% of former patients.

Table 3.  Spearman’s Rho correlations between QoL scales and other continuous variables. 

* = p < 0.05, ** = p < 0.01. DLQI = Dermatology Life Quality Index, CDLQI = Childrens Dermatol-

ogy Life Quality Index, WHOQOL-BREF = abbreviated World Health Organisation Quality of Life 

instrument, BUFLS = Buruli ulcer Functional Limitation Score.

  DLQI CDLQI
WHOQOL-
BREF Phys

WHOQOL-
BREF Psy

WHOQOL-
BREF Soc

WHOQOL-
BREF Env

BUFLS .15 .11 -.14 -.10 -.02 -.24*

Age -.01 -.01 -.16 -.20 -.06 -.08

Scar size .32** .12 -.06 -.03 .09 .14

Associations between Quality of Life instruments and patient 
characteristics

Spearman’s Rho correlations between the DLQI, CDLQI and WHOQOL-BREF subscales and 
other continuous variables are shown in Table 3. Age was not significantly related to any 
of the QoL scales. Scar size correlated significantly with the DLQI (ρ = 0.32; p < 0.01). The 
BUFLS correlated significantly with the environmental subscale of the WHOQOL-BREF 
(ρ = -0.24; p < 0.05).

Relationships between the QoL instruments and discrete variables were tested 
through either student T-tests or Mann-Whitney U tests depending on whether the scales 
were normally distributed. The QoL of women did not differ from men on any of the scales 
or subscales. Farmers, scored significantly higher on the social domain of QoL compared 
to other professions (U = 435; p = 0.050). Those who were married also scored significantly 
higher on the social domain than those who were single (U = 375; p = 0.019). Those who 
were ethnically Akan scored significantly higher on the DLQI (U = 332; p = 0.026), indicat-
ing lower QoL, and significantly lower on the physical domain of QoL (U = 292; p = 0.003), 
again indicating lower QoL than those from the northern tribes. None of the QoL scores 
differed between those that did or did not report painful or itchy scars.

The DLQI correlated significantly with the physical (ρ = -0.54; p < 0.001) and psy-
chological (ρ = -0.34; p < 0.001) subscales of the WHOQOL-BREF, but did not correlate at all 
with the social (ρ = 0.00; p = 0.99) and environmental (ρ = -0.01; p = 0.98) subscales.
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Quality of life of former BU patients compared to healthy controls

Figure 1. Frequency distributions of the DLQI, CDLQI, and WHOQOL-BREF scores. Theoretical range (C)DLQI = 0–30, WHO-

QOL = 20–100. DLQI = Dermatology Life Quality Index, CDLQI = Childrens Dermatology Life Quality Index.

Scores on the WHOQOL-BREF domains of patients and healthy controls are shown 
in Figure 2. Former BU patients scored significantly higher than controls on the physical 
and environmental domains of the WHOQOL-BREF by Mann-Whitney U tests. The effect 
sizes for the four domains were as follows: physical 0.29, environmental 0.41, psychologi-
cal 0.10, and social 0.14.
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Figure 2. Median scores (theoretical range 20–100) on the WHOQOL-BREF domains of former patients and healthy 

controls. Differences between the two groups were tested with Mann-Whitney U test. * = p < 0.01, others ns. WHOQOL-

BREF = abbreviated World Health Organisation Quality of Life instrument.

Discussion

This is the first study to address QoL in former BU patients. The former BU patients with 
small lesions that we studied appeared to have a good QoL. When measured with the 
DLQI, a disease specific questionnaire, 85% of patients indicated no or a small effect of 
the disease on their current life. The median score found was 0 compared to 13 in active 
and 3 in healed podoconiosis patients in Ethiopia [16], and median scores between 2 and 
12 in patients with various active skin diseases in South Africa [21]. In the current study, 
scores on a measure of general QoL were high, especially in the physical domain of QoL, 
but – likely owing to the poor rural setting – lower on the environmental domain, which 
relates to issues such as access to healthcare and transportation, and financial resources. 
In addition, former patients indicated an equal or better QoL compared to healthy con-
trols in all four domains measured. 

As their scars and functional limitations were limited, it could be expected that 
former patients would not differ much from controls in QoL. However, it is surprising 
that they would report a higher physical and environmental QoL, with small to medium 
effect sizes. As controls were matched to former patients on age, gender, village and oc-
cupation, it is difficult to explain these findings on the basis of social or economic factors. 
Perhaps having been confronted with BU and the prospect of scarring and disability, 
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made patients adjust their internal standards of what constitutes good physical func-
tioning. This, in turn, would cause them to appreciate the preserved physical functioning 
they have today, a phenomenon known as response shift [24]. One possible explanation 
for indicating a better environmental QoL could be their positive experience with the 
healthcare system for the treatment of their BU, which is free of charge and relatively 
well-organized in the study regions. However, it is also possible that the interviewers were 
viewed by former patients as representatives of the hospitals where they were treated, 
causing them to answer in a more socially desirable way than controls. Another possible 
explanation is that we followed-up a group who presented early, in contrast with most BU 
patients, and that this was a consequence of this group having more access to healthcare 
and other resources, i.e. through being more educated or living less isolated, and hence 
a better baseline QoL than the average community member.

The good QoL of former patients with small lesions found in this study corre-
sponded with the more physical measures of BU sequelae. Patients had a relatively small 
median scar size. In addition their level of functional limitations as measured by the BUFLS 
was low, with a median score of 2.6%, compared to earlier scores of 5.3% in a large cohort 
of BU patients with varying lesion sizes that was treated outside of any study context [2], 
and 16% in patients who had only received surgical or traditional treatment [25].

The DLQI had a Cronbach’s alpha of 0.78 indicating satisfactory internal consis-
tency [26]. In addition, it was significantly related to scar size, which can be seen as a proxy 
measure of disease severity, and to both the psychological and physical QoL domains of 
the WHOQOL-BREF in the expected directions. Similar to two previous studies with the 
DLQI in Sub-Saharan Africa, we did not find DLQI scores to be related to gender [16, 21]. 
Together, these findings suggest that the DLQI is a valid instrument for measuring dis-
ease-specific QoL in BU patients aged 16 and above, although further research in larger 
samples, including larger lesions is needed. In children, the CDLQI had a low Cronbach’s 
alpha, and was not related to any of the background variables, which makes it difficult 
to ascertain its validity. The Cronbach’s alphas for the WHOQOL-BREF subscales were all 
below 0.7, indicating questionable internal consistency. The social domain of QoL was 
related to being married and working as a farmer, and the physical and psychological 
domains were related to disease specific QoL in the expected directions. Former patients 
indicated a higher QoL on all 4 domains of the WHOQOL-BREF than controls, which is 
rather unexpected. In addition, item 21, satisfaction with ones sex life, was poorly under-
stood by those who were not married, and was left open by a considerable proportion/
number of former patients. Overall, these data do not clearly establish the validity of the 
WHOQOL-BREF for measuring general QoL in former BU patients.

The present study suffered from several limitations. First the sample size was rela-
tively small, with only 67 adults completing both adult QoL instruments. As the cohort 
under study was predetermined by the BURULICO trial, we were not able to increase 
the sample size. This could have left the study underpowered to pick up associations 
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between the questionnaires and background variables such as gender. However, sev-
eral significant associations were indeed found. In addition, we were not able to recruit 
healthy controls for the DLQI and CDLQI as these are disease specific questionnaires, and 
thus had to rely on the earlier proposed norm scores, but the very low scores on both 
instruments are likely to reflect good QoL. Finally, we did not study QoL in former BU 
patients that were treated under normal service conditions. These patients would have 
likely had larger lesions and might have reported a lower QoL, and data on these patients 
could have helped to establish the validity of the questionnaires, although in our sample 
the DLQI already correlated significantly with scar size.

In this study, we show that in BU patients who reported early with small lesions 
and received either 8 weeks of streptomycin and rifampicin or 4 weeks of streptomycin 
and rifampicin followed by 4 weeks of clarithromycin and rifampicin, scars were small, 
functional limitations were uncommon and long term QoL was preserved. These findings 
contrast the debilitating sequelae often reported in BU, highlighting the importance of 
active case finding and antimicrobial treatment of BU lesions. The Twii version of the DLQI 
appeared to be a valid instrument to measure disease specific QoL in BU patients aged 
16 or older, and was quick and easy to administer under field conditions. For children, 
the Twii version of the CDLQI appeared to be a less valid instrument in this population, 
though alternatives are lacking. The validity of the WHOQOL-BREF for measuring general 
QoL in former BU patients is questionable. Future studies on QoL in BU should attempt to 
include patients with active BU, and should include patients with larger lesions. In addi-
tion they should include alternative questionnaires for measuring general QoL in BU, such 
as the SF-36, or limit themselves to disease-specific QoL using the DLQI.
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Summary

A review of the clinical features of Buruli ulcer is given in chapter 1. Briefly, Buruli ul-
cer is a skin disease caused by infection with Mycobacterium ulcerans. Although cases 
have been reported from over 30 tropical and sub-tropical countries, it is currently most 
prevalent in West-Africa. Although environmental aspects, insects and small mammals 
have been implicated in its occurrence, the mode of transmission is unknown. Typi-
cally, the disease starts with a small, painless nodule, which over the course of several 
weeks progresses to a slow-healing ulcer with yellow slough and undermined edges. The 
clinical picture is rather specific, and laboratory confirmation can be obtained through 
Ziehl-Neelsen staining or polymerase chain reaction. Drug treatment currently consists 
of eight weeks of streptomycin and rifampicin, and is successful in clearing the infection. 
However, a high standard of wound care and physical therapy are essential for the ulcer 
to heal, and to prevent future disabilities. Early presentation of the patient to the hospital 
limits the need for hospitalization, additional surgery, and advanced rehabilitation. The 
studies in this thesis explore and assess current Buruli ulcer patient management, and 
focus on drug treatment, wound care, and public health aspects of the disease.

Drug Treatment

The current WHO-recommended regimen of 8 weeks of oral rifampicin and intramuscular 
streptomycin has been widely applied by Buruli ulcer control programmes in West-Africa. 
However, like other aminoglycosides, streptomycin is known to be ototoxic, and, albeit 
transiently, nephrotoxic. In chapter 2, we assessed its long-term toxicity by following-
up former Buruli ulcer patients that took part in a randomized controlled trial several 
years earlier. In that trial, patients were randomized to receive either 8 weeks of rifampicin 
and streptomycin, or 4 weeks of rifampicin and streptomycin, followed by 4 weeks of 
rifampicin and clarithromycin. This design allowed us to compare two groups of Buruli 
ulcer patients that were randomized to receive either 4 or 8 weeks of streptomycin. Over-
all, ototoxicity was present in 29% of adults and 25% of children. Adults who received 
8 weeks of streptomycin had significantly worse hearing at long term follow-up, and this 
was most prominent in the high frequencies. In children, no differences between the two 
groups were found. Nephrotoxicity that had been detected in 14% of adults and in 13% 
of children during treatment, was present in only 2.4% of patients at long term follow-up. 
The findings indicate that caution should be exercised when prescribing streptomycin 
to adults for prolonged periods of time. Treatment regimens for Buruli ulcer that do not 
contain streptomycin are desirable and should be investigated.

The 8 week duration of drug treatment is based on limited evidence, that suggests 
that 4 weeks of therapy might suffice. In chapter 3, we studied the effects of shorter drug 
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therapy on a group of Buruli ulcer patients that defaulted from treatment. In a BU treat-
ment center in Ghana, 54% of Buruli ulcer patients had defaulted from therapy because 
of side effects, but also for other reasons. This allowed us to study the effects of a shorter 
course of antimicrobial therapy. We followed-up on a cohort of patients that had de-
faulted from therapy, and thus had received less than the WHO-recommended 56 doses 
of streptomycin and rifampicin. Out of the 47 patients that were retrieved, 9 still had 
a non-healed Buruli ulcer. There was a significant effect of lesion size at presentation on  
rates of healing. In those that presented with small, WHO category I lesions, that received 
32 days or less of antibiotics, the rate of healing was 94%, which is similar to known rates 
of healing in recent large cohort studies where patients received 8 weeks of antimicro-
bial therapy. However, our cohort was small, and due to the retrospective nature of the 
study a significant opportunity for bias exists. The findings indicate that shorter therapy 
is feasible for Buruli ulcer patients with small lesions, but this should be explored further 
in a well-designed randomized controlled trial. 

 Besides its toxicity, there are other concerns with streptomycin, related to the 
logistical challenges of its parenteral mode of administration in rural Africa, and to the 
fact that mass production is expected to stop in the near future as it is no longer con-
sidered a first-line drug against tuberculosis. A promising alternative to streptomycin is 
clarithromycin. We studied its pharmacokinetics in chapter 4. A previous pharmacoki-
netic study in Buruli ulcer patients showed that serum clarithromycin levels were reduced 
considerably by rifampicin induced CYP3A4 metabolism. In addition, there was a mod-
est increase of rifampicin.  Therefore, we doubled the dosage of clarithromycin from 
7.5mg/kg to 15mg/kg, and used an extended release formulation to be able to maintain 
a once daily dosing scheme. We obtained pharmacokinetic curves from 20 patients re-
ceiving clarithromycin and rifampicin, and from 10 patients receiving streptomycin and 
rifampicin,who served as controls. Samples were stored as dried blood spots – a new 
technique that offers logistical advantages for rural African settings, and were analyzed 
using a previously validated LC-MS/MS assay. All 30 patients healed without recurrence. 
The C

max
 of clarithromycin was 0.4 mg/L and the area under the concentration-time curve 

was 3.9 mg *h/L.  Compared to standard CLA dosed as 7.5 mg/kg in a previous study, 
the extended release clarithromycin resulted in a 58% decrease in C

max
 and a 30% in-

crease in area under the concentration-time curve. Clarithromycin co-administration did 
not alter the pharmacokinetics of rifampicin. These data suggest that extended release 
clarithromycin suffers more from rifampicin induced metabolism than regular clarithro-
mycin. Therefore, the benefits of extended release clarithromycin over immediate release 
are questionable. As CLA is known to accumulate in tissues, microdialysis fluid or punch 
biopsy samples at the site of infection might yield high CLA concentrations that reflect its 
antimicrobial activity more accurately.

Among the other oral alternatives to streptomycin, moxifloxacin has shown 
good results in vitro and in vivo. In chapter 5, we discuss some of the advantages and 
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disadvantages of its use in Buruli ulcer. Some authors have suggested that it is a better 
choice than clarithromycin, as there is no interaction with rifampicin, and as it also has 
activity against Mycobacterium tuberculosis, and thus might be well suited to treat a M. 

tuberculosis and M. ulcerans co-infected patient. While it is true that it does not suffer from 
rifampicin induced CYP3A4 metabolism, it is relatively contra-indicated in children, which 
is the largest group of Buruli ulcer patients in West-Africa. In addition, as active tubercu-
losis is a predominantly urban disease, and Buruli ulcer a predominantly rural one, their 
co-occurrence is yet to be documented. We believe moxifloxacin should remain a second 
line drug, and that in the rare event of BU-TB co-infection, both diseases should be treated 
in concordance with local and international management guidelines.

During antimicrobial therapy for Buruli ulcer a paradoxical increase of the size of 
the lesion may occur. These paradoxical reactions are believed to be a sign of immune 
reconstitution following antimicrobial induced inhibition of mycolactone production. 
In chapter 6 we studied paradoxical reactions and their clinical and genetic associations. 
We found that in our cohort of Buruli ulcer patients from Ghana and Benin, paradoxical 
reactions occurred in 22% of patients during antimicrobial therapy. A larger lesion ap-
pears to increase the risk of a paradoxical reaction, as does the 3’UTR INS/INS polymor-
phism in the SLC11A1 gene, a gene associated with innate immunity to mycobacterial 
infections. Even though paradoxical reactions were frequent, all patients healed without 
additional interventions. These findings contrast the often advocated need for additional 
antibiotics, corticosteroids or surgery.

Wound care

As most Buruli ulcer patients in West-Africa have large, slow-healing ulcers, a high stan-
dard of wound care is essential. The WHO has issued guidelines on wound care for Buruli 
ulcer, but little is known about the implementation of these guidelines in current prac-
tice. In chapter 7, we assessed the current state of Buruli ulcer wound care in Ghana and 
Benin. We visited 6 hospitals and 8 health care centers in Ghana and Benin. There, we 
observed the wound care process, and interviewed 31 health care workers that regularly 
performed Buruli ulcer wound care. There appeared to be a general understanding of 
wound assessment, but formal assessment was not observed. A large variety of different 
topical antiseptics was used, even though a proper indication for their use was missing. 
Moderate pressure irrigation of the wound, as advised by the WHO, was never reported. 
With a few exceptions, gauze was the only available dressing type, and bleeding and 
pain were observed frequently upon its removal. The standard of wound care differed 
considerably between health care workers and between institutions. In addition to more 
expensive modern dressing materials, several low-cost interventions were identified that 
can be made to enhance the standard of wound care: using a simple system for classify-
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ing and monitoring the wound based on size and color, washing the area around the 
wound before dressing, using a syringe or pierced water bottle for moderate pressure 
irrigation of the wound, and avoiding the routine use topical antiseptics. 

In chapter 8  we describe a pilot project where modern dressings were used 
for Buruli ulcer wound care. For this pilot, we chose HydroTac (Hartmann), a hydrofoam 
dressing. As it is a dressing that aims at maintaining a moist wound bed by being highly 
absorbent for exsudative wounds, and creating a moist environment through its gel com-
ponent for dry red wounds, it appeared to be well suited for the various stages of Buruli 
ulcer. In addition, it was hypothesized that it could remain on the wound for a longer 
period of time than plain gauze, reducing staff and patient burden. A total of 13 patients 
were dressed for an average of 4 weeks with HydroTac, and the wounds were observed, 
photographed and measured during dressing changes. After four weeks, patients were 
also asked to rate both the gauze and the HydroTac and to comment on them. We found 
that the absorbent capacity of these dressings was too limited for highly exsudative Buruli 
ulcers, and dressings still had to be changed quite frequently. However, the dressings 
yielded clean and healing wounds, and they prevented the pain and bleeding associated 
with gauze dressings. In addition, they were very much preferred by the patients. Future 
studies with modern dressings in Buruli ulcer should select dressings with high absorbent 
capacity. In the context of the currently ongoing drug trial in Ghana and Benin, Drawtex 
(Beier), a highly absorbent fiber mesh dressing is being used.

In spite of good wound care, Buruli ulcers can become infected with other patho-
gens next to Mycobacterium ulcerans.  Chapter 9 describes a study on these secondary 
infections. First, charts of 51 former Buruli ulcer patients in Ghana and Benin were studied 
and the occurrence of secondary infections, and the prescription of additional antibiotics 
next to rifampicin and clarithromycin was recorded. Forty out of 51 patients admitted to 
the hospital received additional antibiotic courses, in most cases as prophylaxis for sec-
ondary infections following surgical interventions. Only 12 patients received antibiotics 
for an actual suspected secondary infection. The second part of the study consisted of su-
perficial cultures and antibiograms. Approximately 30% of wounds were culture negative. 
The bacteria most commonly found to have contaminated the wounds were S. aureus (of 
which 38% was MRSA), P. aeruginosa, and enterobacteriaceae. Based on these findings, we 
proposed a guideline for rational antibiotic treatment for suspected secondary infections 
or prophylaxis. In summary, this guideline proposes not to use prophylactic antibiotics 
following surgical procedures in BU other than skin grafts, where a single or double dose 
of flucloxacillin is the first regimen of choice. In addition, it proposes to only use antibiot-
ics in patients with a suspected secondary infection that display systemic signs of illness, 
where a combination of amoxicilline/clavulanic acid with a fluoroquinolone is the first 
regimen of choice. Adherence to this guideline can have a major impact on antibiotic 
use in hospitalized Buruli ulcer patients and can lead to a reduction of costs, toxicity, and 
development of antimicrobial resistance.
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Public health aspects

In chapter 10, we studied the impact of a community based surveillance volunteer pro-
gram on the early reporting of Buruli ulcer lesions. Although Buruli ulcer usually begins 
with a small and painless nodule, patients often present to the hospital with large ulcers, 
which puts them at risk for prolonged hospitalization, surgery and persisting functional 
limitations. One potential approach to ensure that patients report to the hospital early 
is to establish a network of community based surveillance volunteers. We studied the 
aspects and impact of a community based surveillance volunteer program in a highly 
endemic district in Ghana. The program consisted of 44 volunteers, that received basic 
training in Buruli ulcer diagnosis, and that were provided with a small financial incentive 
for each laboratory confirmed Buruli ulcer case that they referred to the hospital. Between 
2009 and 2013, 451 Buruli ulcer cases were seen at the clinic. Volunteers referred 203 
(45%) of these cases, more cases than any other referral source. In addition, they referred 
significantly more cases in the early stages of the disease than any other referral source. As 
a result, a total of 70% percent of cases reported in the earliest – WHO Category I- stage of 
the disease, potentially minimizing the need for hospitalization or surgery. 

In chapter 11, we reported the first data on therapy compliance in Buruli ulcer. 
We analyzed the Buruli ulcer case report forms at a Buruli ulcer treatment center in an 
endemic region in Ghana. These showed that therapy non-compliance was widespread, 
and that only 46% of patients completed the WHO-recommended 56 dosages of strep-
tomycin and rifampicin. Non-compliance was significantly associated with self-referral, 
female gender, smaller lesions, and travel time. We attempted to follow-up on these non-
compliers, and were able to locate 57 former BU patients. When asked for their reasons 
of defaulting, 35% mentioned travel costs, 19% stopped coming when their ulcer got 
healed, and 14% defaulted due to the ototoxic adverse effects of streptomycin. The future 
introduction of oral treatment for Buruli ulcer might reduce certain barriers to therapy 
compliance such as travel costs, toxicity, and discomfort. However, patients will no lon-
ger be required to report to a health center on a daily basis for streptomycin injections, 
and this might represent a challenge to therapy compliance in its own right. Therefore, 
when oral therapy is implemented, we argue that compliance should be systematically 
monitored.

Although it is often reported that Buruli ulcers can have serious sequelae, the 
quality of life of former Buruli ulcer patients has not been studied before. In chapter 12, 
we assessed the quality of life of healed Buruli ulcer patients that took part in a drug trial 
between 2006 and 2009, which only included small and early lesions. A total of 127 out of 
151 patients were available for follow-up. All former patients aged 16 or older completed 
the Dermatology Life Quality Index, and the abbreviated World Health Organization Qual-
ity of Life scale (WHOQOL-BREF). The WHOQOL-BREF was administered to 82 matched 
healthy controls as well. Those younger than 16 completed the Childrens’ Dermatology 
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Life Quality Index (CDLQI) only. Eighty-five percent of patients reported only a small or no 
effect of the disease on their current life according to the Dermatology Life Quality In-
dex. In addition, good Quality of Life was also reported on the World Health Organisation 
Quality of Life Scale. On follow-up, we found that most scars were small and functional 
limitations were rare, and that both general and skin specific quality of life was good. We 
believe that these results demonstrate the potential of the combination of early detec-
tion and proper antibiotic treatment of Buruli ulcer. Public health efforts aimed at diag-
nosing the disease in its early stage and providing standardized treatment in endemic 
areas should therefore be intensified.
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Chapter 14

General discussion and future perspectives

The objective of this thesis was to study and improve aspects of Buruli ulcer patient man-
agement. Looking back over the last decades, tremendous progress has been made. With 
continued efforts, the days of prolonged mass hospitalization and high risk of amputation 
will soon be a distant memory. With advances in drug treatment, wound care and early 
detection, a less bleak future awaits BU patients. Obviously, these improvements will have 
to go hand in hand with gradual improvements in the health infrastructure and living 
conditions in endemic settings. The studies reported in this thesis can contribute in shap-
ing the future of BU management. They describe the need for – and difficulties with – oral 
therapy, positive experiences with advanced wound care, while we make a case for early 
detection of BU lesions.

Drug treatment 

It has been well established that antimicrobials are effective in the treatment of BU. How-
ever, the current treatment with injected streptomycin suffers from several shortcomings, 
ranging from impracticalities related to its mode of administration to long-term ototoxic-
ity (1). In addition, as streptomycin is no longer considered a first line drug for tuberculo-
sis, its mass production can be expected to stop soon which will lead to increased costs 
and decreased availability.

In this light, the results of the WHO-sponsored drug trial that is currently ongoing 
in Ghana and Benin are eagerly awaited. In this non-inferiority trial, the combination of 
streptomycin – rifampicin is compared with clarithromycin – rifampicin in patients with 
small BU lesions (2). Clarithromycin however is not without disadvantages of its own. One 
major drawback is the interaction between clarithromycin and rifampicin (3). As we have 
shown, increasing the dosage of clarithromycin does not correspond to substantially in-
creased serum concentrations. On the other hand, the clinical response that we observed 
was excellent. This raises several questions. Perhaps we should not be looking into serum 
concentrations at all. It is very well possible that clarithromycin accumulates in BU lesions 
at levels far above the minimal inhibitory concentration. In addition, perhaps killing, or 
even inhibiting M. ulcerans is not even necessary. Maybe suppressing the production of 
mycolactone, its immunosuppressant toxin, is sufficient for the host immune system to 
be able to recognize the immuno-genetic epitopes of the invading organisms and sub-
sequently clear the infection. Future studies should test these intriguing hypotheses that 
can fundamentally change the way we look at pharmacokinetic data of clarithromycin 
and BU drug treatment in general.

Now that a successful 8 week antibiotic regimen has been established, it might 
be time to look back and ask the question how this regimen was conceived and whether 
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treatment duration could be more individually tailored and perhaps shortened in some 
patients. The evidence on which the treatment duration was based stems from a small 
study that showed that 4 weeks of antimicrobial therapy or more might suffice (4). Based 
on very justifiable expert opinion, with the knowledge that M. ulcerans is a slow growing 
microorganism and with the lengthy treatment durations for its relatives M. tuberculosis 

and M. leprae in mind, a safety margin of an additional 4 weeks was chosen. Both in an 
Australian and Ghanaian cohort, observational findings suggested that the duration 
of therapy can be reduced in selected patients (5). The next step would be to conduct 
an interventional study. We could use the advances in the detection of disease activ-
ity through viability PCR and mycolactone detection and use these novel tools to safely 
study this safety margin, while at the same time distinguish therapy failure from paradoxi-
cal responses (6, 7).

Although rifampicin-clarithromycin appears to become the drug combination of 
choice for the near future, it is very encouraging that other drugs have shown activity 
against M. ulcerans. Although moxifloxacin is perhaps not the first choice for BU treatment 
in West Africa (8), the efficacy of this novel quinolone has been demonstrated in Austra-
lian cohorts (9, 10). Clofazimine and avermectin have also yielded promising results in in 
vitro and animal models (11). Though their clinical application is not directly apparent 
today, there are conceivable circumstances for their use. M. ulcerans is an environmental 
micro-organism, that does not appear to require a human host for survival. As such, the 
selection pressure that has led to drug resistant mutants in M. tuberculosis is largely ab-
sent. However, it has been shown that strains resistant to rifampicin can be created in the 
mouse model (12). To date, there is no documented clinical evidence of drug resistance 
(13). However, should this occur, and clearly also if standard treatment is prohibited with 
adverse drug reactions, it is reassuring to have plausible alternative drugs on hand. In ad-
dition, special populations, such as HIV-infected BU patients, pregnant patients, or those 
at the extremes of age, might benefit from alternative regimens.

Wound care and secondary infections

In order to successfully treat large, slow-healing ulcers, a high standard of wound care is 
essential. On the other hand, in most endemic region, healthcare facilities and budgets 
are limited, even by regional standards. It is therefore not surprising that there is room for 
improvement in the current state of BU wound care (14). It is therefore very encouraging 
that the university of Yaoundé in Cameroon has recently developed a diploma course 
on advanced wound care, largely based on the experiences with treating BU at local 
treatment programs.

There have been major efforts to abandon the current wound dressing practice  
that consists of daily removing dried out cotton gauze from a delicate wound surface. Re-
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moval of such dressing material is both painful and counterproductive, as newly formed 
fibroblasts, microvasculature and epithelial cells that reflect tissue repair and wound heal-
ing are forcefully removed. However, more modern and effective types of dressing are 
expensive and some of these materials may have a limited practical applicability. In the 
current ongoing drug trial, an intervention on wound care has been implemented. Local 
staff was trained by international experts, using Vaseline gauze dressings topped with 
highly absorbent cotton wool material (the South-African product Drawtex™), combined 
with short-stretched bandage to address lymph edema was chosen as an alternative 
wound dressing regimen. The highly absorbent dressing consists of a fiber mesh and ab-
sorbs wound exsudate through capillary and hydroconductive action. The wound surface 
is first covered with a layer of Vaseline treated gauze to prevent disruption of the delicate 
tissue repair. This combination is relatively inexpensive, and both can be cut from larger 
roles to obtain the desired size. Our experience with this type of dressing has so far been 
positive. Once the drug trial is finished, we are able to formally compare the effects of the 
wound care intervention, as we can compare the time to healing between the current 
drug trial and the BURULICO trial, where plain gauze was used, using the baseline and 
follow-up data of lesion size recorded in both trials.

There is no scientific consensus as to whether a modern dressing yields an increase 
in wound infection due to the creation of a moist wound environment, or a decrease due 
to minimized wound disturbance. It would be interesting to repeat a study on secondary 
wound infections under the new dressing scheme.

Public health issues 

In spite of all the advances in drug treatment and wound care, BU still causes consider-
able suffering. One vital aspect of preventing long term sequelae of the disease is early 
detection of BU lesions. We have shown that a motivated network of community based 
surveillance volunteers can be the cornerstone of early detection of BU (15). However, 
more than half of BU patients still present with long-standing, large ulcers that increase 
the risk of hospitalization, surgery, and long-term disabilities and stigma. Effective, mass 
early detection is urgently needed. Community based surveillance volunteers can be 
a very important part of such policy, but these volunteers are by no means the only ac-
tors. Health workers, former patients, and traditional healers can all contribute. In addition, 
experiences with community based surveillance volunteers have not consistently been 
as positive as ours. In summary, more research is needed on what exactly constitutes 
a successful early detection scheme for BU.

Volunteers can also play a key role when oral treatment is introduced. If injections 
are abandoned, daily visits to the health center are no longer required. While this is good 
news for the patients, it also reduces their visibility to the health worker. We have shown 
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that therapy non-adherence can be high even on streptomycin (though partly because 

of streptomycin) (16). When oral therapy is gradually introduced, there is a consider-
able risk of non-adherence and studies and interventions employing community based 
surveillance volunteers should be carried out, implementing DOT-like systems to ensure 
adherence to drug treatment and wound dressings.

Should successful early detection become widespread, a paradigm shift in the 
treatment of BU is to be expected. Previously, BU was a mainly surgical disease, char-
acterized by prolonged hospitalization and large, slow healing ulcers (17). Today, with 
oral treatment within reach, the opportunities for decentralized, outpatient based, 
community centered care, with minimal infractions on daily life are rapidly emergent. 
We believe that the international research community should anticipate and facilitate 
this paradigm shift.

The hypothetical role of standardized drug treatment 
in the mysterious decline in patient numbers  
– clues for disease control?

All the efforts alluded to above co-occur with a gradual but steady decline in the num-
ber of BU cases in West-Africa in recent years, whereas the number of cases in Australia 
has risen slightly. In the past, BU has completely disappeared from the Buruli district 
in Uganda, where it was first described, only to re-emerge several decades later in West-
Africa. Although factors related to the aquatic environment and invertebrates are often 
implicated in the emergence and disappearing of BU, the exact underlying mechanism 
is not known (18, 19). Recently, it has been suggested that mammals can play a role in M. 

ulcerans transmission (20, 21). In Australia, possums have been shown to shed M. ulcerans 
DNA in their faeces, specifically in areas where human outbreaks occur (20, 22). In addi-
tion, several possums with M. ulcerans containing skin lesions were observed (23). 

The decline in the Buruli district followed the first two trials with antimicrobial 
therapy, of which only one was published, and which included most of the districts’ BU 
patients (24). The current decline in cases in West Africa occurs after the recent wide-
spread implementation of standardized drug treatment for BU. Although human to 
human transmission is rare, and human to environment transmission has not been de-
scribed, human colonization might represent a more important step in the life cycle of M. 

ulcerans than previously assumed. Recently, in Japan, three co-occurrent cases of Buruli 
ulcer in the same household were reported (25). Although the gastrointestinal tract is 
unlikely to be a significant reservoir (26), serum IgG responses to Mycobacterium ulcerans 
culture filtrate were demonstrated in household contacts of Buruli ulcer patients, and 
a family history of Buruli ulcer was found to be an independent risk factor for current 
Mycobacterium ulcerans infection in a study from Benin (27, 28). 
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If human colonization does play a part in M. ulcerans replication or transmission, 
standardized drug treatment might interfere with M. ulcerans replication or transmission, 
causing the current decline of cases. In leprosy, a single dose of rifampicin given to those 
who have come in to close contact with a patient has resulted in a 57% reduction of new 
cases (29). In the absence of a vaccine, mass drug administration is a potentially powerful 
means of disease control. However, in contrast to leprosy, human to human transmission 
in Buruli ulcer has not been clearly established. Due to a lack of understanding of the 
mode of transmission of Buruli ulcer, the highly focal epidemiology of the disease and 
the high incidence of tuberculosis in Buruli ulcer endemic areas, studies into mass drug 
treatment with rifampicin would be difficult to design and justify.

In addition, the decline in cases should by no means prompt a decrease in sci-
entific activity aimed at improving care for Buruli ulcer patients. Patient numbers might 
well rise again in the near future and the need for effective, locally available, and patient 
friendly modes of treatment remains ever present.
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Het Buruli ulcus is een tropische infectieuze huidziekte, veroorzaakt door infectie met 
Mycobacterium ulcerans. De ziekte is voor het eerst beschreven in 1897 door de Engelse 
zendingsarts Albert Ruskin Cook. In Oeganda beschreef hij een aantal patiënten met gro-
te, traag genezende zwerende huidaandoeningen. Hoewel hij vermoedde dat het om 
een infectie ging, kon hij dat niet bevestigen. Eind jaren ’40 van de vorige eeuw zagen 
artsen in Victoria, Australië patiënten met precies zo’n aandoening. MacCallum onder-
zocht deze zweren, waarvan “de randen onder de microscoop wemelden van de zuurvas-
te staafjes”, en ontdekte daarmee de verwekker, die hij Mycobacterium ulcerans noemde. 
In 1948 werd deze vondst gepubliceerd. Hiermee werd het bestaan van een nieuwe voor 
mensen schadelijke mycobacterie bevestigd, naast de al eerder bekende en gevreesde 
mycobacteriële infectieziekten tuberculose en lepra.

In de jaren ’50 en ’60 van de vorige eeuw werden veel gevallen gezien onder 
vluchtelingen die het toen ook al heersende conflict tussen de Hutu en de Tutsi ontvlucht 
waren en die in een vluchtelingenkamp in het Buruli district van Oeganda ondergebracht 
waren. De ziekte zou voortaan Buruli zweer, Buruli ulcus genoemd worden.Vandaag de 
dag komt de ziekte vooral in West- en Centraal Afrika en in sommige delen van Australië 
en Zuid-Amerika voor. De M. ulcerans bacterie handhaaft zich waarschijnlijk in de om-
geving waar mensen zich in de buurt van stilstaand water ophouden, mogelijk op de 
bio-film van planten, in waterinsecten en in kleine knaagdieren. Hoe de bacterie naar de 
mens overgebracht wordt is niet bekend, maar mogelijk spelen kleine wondjes op de 
huid of insecten een rol.

De ziekte begint doorgaans met een kleine pijnloze bobbel – een nodus – in het 
onderhuidse vetweefsel. De huid boven die nodus gaat vervolgens stuk: er ontstaat een 
zweer die zich in korte tijd kan uitbreiden met een typische ondermijnde rand met weef-
selversterf. Hoewel de ziekte doorgaans beperkt blijft tot de huid, kan ook bindweefsel 
en zelfs bot aangetast worden. Sinds 15 jaar is bekend dat die weefselschade veroorzaakt 
wordt door mycolacton, een giftige stof die door levende M. ulcerans bacteriën wordt uit-
gescheiden. Het ziekteproces komt vrijwel altijd uit zichzelf tot stilstand; er ontstaat een 
afweer- en genezingsreactie, maar er kan dan al veel gezond weefsel verloren zijn. Hierbij 
kan littekenweefsel met dwangstand ontstaan, vooral als de zweer de huid boven ge-
wrichten heeft aangetast. Ernstige dwangstand, contractuur, leidt tot functiebeperking. 
In sommige gevallen moeten delen van aangedane ledematen geamputeerd worden. 
De diagnose kan vaak gesteld worden op basis van het klinisch beeld en bevestigd wor-
den door een Ziehl-Nielsen kleuring of een genetische test, een polymerase kettingreac-
tie, waarbij een kenmerkend stukje van de genetische code in de bacterie wordt aange-
toond. Tot voor kort bestond de behandeling uit een chirurgische verwijdering van het 
ulcus, gevolgd door langdurige opname en wondzorg, al dan niet in combinatie met een 
huidtransplantaat. Sinds ongeveer 10 jaar is een effectieve combinatie van antibiotica 
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ontwikkeld, bestaande uit 8 weken dagelijkse streptomycine injecties in de bilspier ge-
combineerd met het dagelijks slikken van tabletten rifampicine. Sindsdien is de noodzaak 
voor chirurgische behandeling drastisch afgenomen.

Hoewel de laatste jaren, onder auspiciën van de Wereldgezondheidsorganisatie, 
een grote toename heeft plaatsgevonden van wetenschappelijk onderzoek naar de ziek-
te blijven er nog vele vragen onbeantwoord.

De huidige combinatie van antibiotica is erg succesvol, maar langdurig en pijnlijk, 
door de dagelijkse injecties en de trage genezing van de wonden. De huidige behandeling 
stelt hoge eisen aan de beperkte gezondheidszorgfaciliteiten op het Afrikaanse platteland. 
Daarnaast zoeken nog veel patiënten in een te laat stadium hulp, waardoor alsnog uitge-
breide operaties, ziekenhuisopname en langdurige revalidatie nodig zijn. Daarnaast is goe-
de wondzorg voor deze patiënten van groot belang om bijkomendeinfecties door andere 
bacteriën te voorkomen en de tijd tot genezing te verkorten. In dit proefschrift worden 
studies gepresenteerd die deze drie aspecten – behandeling met antibiotica, volksgezond-
heidszorg en wondzorg – van de zorg voor patiënten met een Buruli ulcus beschrijven.

Behandeling met antibiotica

Het huidige, door de Wereldgezondheidsorganisatie geadviseerde schema van 8 weken 
streptomycine en rifampicine wordt momenteel op grote schaal toegepast in West-Afri-
ka. Het is echter bekend dat streptomycine, net als andere antibiotica van de klasse ami-
noglycosiden, schade aan het gehoor- en evenwichtsorgaan en de nieren kan toebren-
gen. In hoofdstuk 2 onderzochten we lange termijn beschadiging van deze organen 
bij personen die eerder aan Buruli ulcus hadden geleden. We zijn daarvoor teruggegaan 
naar mensen die enkele jaren eerder deel hadden genomen aan een onderzoek waarbij 
twee verschillende behandelingen waren vergeleken, en waarbij de toewijzing aan de 
twee verschillende behandelingen door loting tot stand was gekomen. In dit onderzoek 
kreeg de helft van de patiënten 8 weken streptomycine en de andere helft 4 weken strep-
tomycine gevolgd door 4 weken claritromycine, als tablet. Tijdens dat onderzoek was er 
geen verschil gemeten in gehoor- en nierschade. Bij dit na-onderzoek bleek dat 29% van 
de volwassenen en 25% van de kinderen meetbare gehoorschade had. Volwassenen die 
in plaats van 4 weken 8 weken streptomycine toegediend hadden gekregen, hadden 
significant meer gehoorschade, met name in de hoge tonen. Bij kinderen bestond er 
geen verschil tussen de groepen. Een afname van de nierfunctie werd gezien bij 14% van 
de volwassenen en 13% van de kinderen, maar was tijdelijk en  trad alleen op tijdens de 
behandeling. Uit deze resultaten kan worden afgeleid dat de voor- en nadelen voor het 
langdurig voorschrijven van streptomycine aan volwassenen zorgvuldig moeten worden 
afgewogen. Daarnaast moet verder onderzoek worden verricht naar alternatieve behan-
delschema’s voor het Buruli ulcus die geen streptomycine bevatten. 
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De behandelduur van 8 weken is gebaseerd op beperkt bewijs. Er zijn aanwijzin-
gen dat een kortere behandelduur even effectief kan zijn. In hoofdstuk 3 bekeken we 
de effecten van kortere behandelduur bij een groep patiënten die tegen medisch advies 
in hun behandeling hadden afgebroken. In een behandelcentrum in Ghana stopte 54% 
van de patiënten voortijdig met hun behandeling. Van de 47 patiënten die opgespoord 
konden worden hadden er 9 een niet genezen ulcus. De grootte van het ulcus bij de start 
van de behandeling had een significant effect op de kans op genezing. Vierennegentig 
procent van de patiënten die begonnen met een klein letsel en dieminder dan 32 dagen 
antibiotica gebruikten waren genezen, een genezingspercentage dat overeenkomt met 
recent gepubliceerde grote cohortonderzoekenbij patiënten die de volledige behande-
ling wel afmaakten. Hoewel dit een retrospectieve studie betreft–een onderzoek waarbij 
we terugkeken, en waarbij we de gegevens van patiënten niet vanaf het begin konden 
vastleggen -met ook maareen relatief klein aantal patiënten, lijken de bevindingen erop te 
wijzen dat verkorting van de behandeling mogelijk is bij patiënten met een kleine zweer.

Naast de bijwerkingen zijn er andere praktische bezwaren tegen het gebruik 
van streptomycine injecties. Een veelbelovend alternatief is de inzet van claritromycine 
tabletten. In hoofdstuk 4 bestudeerden we de farmacokinetiek van dit antibioticum. 
De farmacokinetiek bestudeert de lotgevallen van een geneesmiddel in het lichaam: 
Hoe wordt het na inslikken via de darm opgenomen in het bloed? Hoe hoog zijn de 
bloedconcentraties over de tijd? Hoe wordt het uit het lichaam – via omzetting in de 
lever, of rechtstreeks, via de nier of de galwegen naar de darm uit het lichaam verwij-
derd? Een eerdere farmacokinetische studie toonde dat bloedconcentraties  van cla-
ritromycine fors daalden door verhoogde omzetting in de lever, doordat het daarnaast 
gebruikte geneesmiddel rifampicine die omzetting fors aanjaagt. Die omzetting vindt 
plaats in levercellen die bepaalde splitsende eiwitten, enzymen van het CYP3A4 systeem, 
produceren. De activiteit van die enzymen wordt vele malen groter tijdens gebruik van 
rifampicine. Om deze reden hadden we de dosering claritromycineal van 7.5 mg/kg naar 
15 mg/kg verdubbeld en gebruikten we een preparaat met vertraagde afgifte om een 
éénmaal daagse dosering mogelijk te maken. Farmaco-kinetische curves van 20 patiën-
ten op claritromycine en rifampicine en 10 patiënten op streptomycine en rifampicine 
werden verkregen door op gezette tijden gedurende een dag bloed af te nemen. De 
monsters werden opgeslagen als gedroogde bloeddruppels – een nieuwe techniek 
die veel praktischer op het Afrikaanse platteland is dan de standaardmethode waarbij 
bloedbuisjes in de koelkast worden bewaard, en vervolgens gekoeld moeten worden 
getransporteerd. Claritromycine en rifampicine concentraties werden in deze bloeddrup-
pels bepaald door een eerder al geteste en goed werkende meetmethode- LC-MS/MS. 
De hoogste concentratie–C

max
- van claritromycine was 0.4 mg/L en de oppervlakte onder 

de concentratie-tijdcurve was 3.9 mg *u/L.  In vergelijking met gewone claritromycine 
in een dosis van 7.5 mg/kg uit de vorige studie, resulteerde een preparaat met vertraagde 
afgifte in een dosis van 15 mg/kg in een afname van 58% van de C

max
en een toename van 
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slechts 30% in deoppervlakte onder de concentratie-tijdcurve. De farmacokinetiek van 
rifampicine werd niet beïnvloed door gelijktijdige toediening van claritromycine. Deze 
gegevens wijzen erop dat claritromycine met vertraagde afgifte vatbaarder is voor door 
rifampicine toegenomen leveromzetting dan gewone claritromycine. Claritromycine met 
gereguleerde afgifte lijkt weinig toegevoegde waarde te hebben bij de behandeling van 
patiënten met een Buruli ulcus. 

Een ander alternatief voor streptomycine dan claritromycine is moxifloxacine. 
Moxifloxacine is een geneesmiddel uit de groep van chinolonen, ook middelen die als 
tablet ingenomen kunnen worden. De effecten op M. ulcerans in een kweekproef en bij 
proefdieren en mensen met Buruli ulcus lijken gunstig. In Hoofdstuk 5 bespreken we 
enkele voordelen en nadelen van de toepassing van dit middel bij patiënten met een 
Buruli ulcus. Door collega onderzoekers is geopperd dat het een betere keuze zou zijn 
dan claritromycine, omdat er geen interactie is met rifampicine en omdat het eveneens 
antimicrobiële werking vertoont tegen Mycobacterium tuberculosis, de verwekker van tu-
berculose, en dus ook geschikt zou zijn voor de behandeling van een patiënt met beide 
ziektes. De toepassing van chinolonen waaronder moxifloxacine bij kinderen is echter 
niet zonder problemen – en kinderen vormen juist de grootste patiëntengroep met een 
Buruli ulcus in West Afrika. Omdat het Buruli ulcus voornamelijk een plattelandsziekte is 
en tuberculose een ziektedie meer in grote steden voorkomt, komen beide ziektes zelden 
of nooit tegelijk voor – in elk geval is dit nooit gerapporteerd. In onze optiek dient moxi-
floxacine een 2elijns antibioticum te blijven, en dienen in het zeer zeldzame geval van 
het tegelijkertijd voorkomen van Buruli ulcus en tuberculose, beide ziektes afzonderlijk 
behandeld te worden volgens de lokaal en internationaal geldende richtlijnen.

Tijdens de behandeling met antibiotica treedt soms een ‘paradoxale’ toename 
van de grootte van het ulcus op. De paradox zit erin dat hoewel de veroorzakende M. 

ulcerans bacteriën uitgeschakeld worden, het ziekteproces lijkt door te gaan of zelfs nog 
te verergeren. Deze paradoxale reacties worden gezien als een teken van herstel van het 
immuunsysteem, doordat antibiotica de productie van mycolacton remmen. Mycolact-
on, de giftige stof die door levende M. ulcerans bacteriën wordt uitgescheiden, en die 
verantwoordelijk is voor de weefselschade, brengt namelijk ook schade toe aan de af-
weercellen. In hoofdstuk 6 bestudeerden we deze paradoxale reacties en hun klinische 
en genetische associaties. In ons patiëntencohort uit Ghana en Benin traden paradoxale 
reacties op bij 22% van de patiënten. Een groot ulcus is een risicofactor voor een para-
doxale reactie. Daarnaast was er een sterke associatie van paradoxale reacties met het 
3’UTR INS/INS polymorfisme in hetSLC11A1 gen, een gen dat betrokken is bij aangebo-
ren immuniteit tegen mycobacteriële infectieszoals tuberculose en Buruli ulcus. Hoewel 
paradoxale reacties frequent voorkwamen, genazen alle patiënten met een paradoxale 
reactie zonder aanvullende behandeling. Er wordt regelmatig gepleit voor chirurgische 
interventie, aanvullende behandeling met antibiotica of afweer-onderdrukkende medi-
cijnen zoals corticosteroïden. Dit lijkt op basis van deze resultaten echter niet nodig.
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Wondzorg

Omdat veel patiënten met een Buruli ulcus een grote, langzaam genezende wond heb-
ben, is goede wondzorg onontbeerlijk. De Wereldgezondheidsorganisatie heeft richtlij-
nen opgesteld over de wondzorg voor het Buruli ulcus, maar er is niets bekend over de 
toepassing van deze richtlijnen in de praktijk. In hoofdstuk 7 bestudeerden we het hui-
dige niveau van de wondzorg voor het Buruli ulcus in Ghana en Benin. We bezochten zes 
ziekenhuizen en acht gezondheidszorgposten. Het wondzorgproces werd systematisch 
geobserveerd en 31 gezondheidswerkers die regelmatig een Buruli ulcus verzorgden 
werden geïnterviewd. Er bestond een algemene notie van verschillende soorten won-
den, maar een formele beschrijving van wonden kon men niet goed geven. Een grote 
verscheidenheid aan lokale ontsmettingsmiddelen werd gebruikt zonder duidelijke in-
dicatie. Door de Wereldgezondheidsorganisatie wordt geadviseerd om de wonden met 
een zachte straal lauw schoon water te spoelen. Nergens werd de wond op die manier 
schoon gemaakt. Op een paar uitzonderingen na was gaas het enige beschikbare wond-
verband en pijn en bloedingen werden veel gezien bij het verwijderen hiervan. Om de 
wondzorg te verbeteren zijn moderne wondverbanden nodig, maar grote verbeteringen 
kunnen worden bereikt met enkele praktische verbeteringen: Een eenvoudig systeem 
voor het beschrijven en vervolgen van wonden gebaseerd op grootte en kleur, het was-
sen van het gebied rondom de wond voorafgaand aan het aanbrengen van het verband, 
het spoelen van de wond met lichte druk met een spuit of waterfles, en het vermijden 
van routinematig gebruik van ontsmettingsmiddelen.

In hoofdstuk 8 beschrijven we een proefproject waarbij moderne wondverban-
den gebruikt werden voor wondzorg voor het Buruli ulcus. Er werd gekozen voor Hydro-
Tac (Hartmann) een verband bestaande uit een sterk absorberend schuim in combinatie 
met een gel. Het doel van het verband is het handhaven van een vochtig wondmilieu 
door absorptie van wondvocht door het schuim van sterk smettende, vochtige wonden 
en bevochtiging door de gel van droge rode wonden. Daarnaast kan het waarschijnlijk 
langer op de wond blijven dan gaas, waardoor minder verbandwisselingen nodig zijn en 
dus de belasting voor patiënt en gezondheidswerker afneemt. De wonden van 13 patiën-
ten, die al enige tijd met gaas verbonden werden, werden gemiddeld vier weken verbon-
den met HydroTac en de wonden werden geobserveerd, gemeten en gefotografeerd. Na 
vier weken werd de patiënten gevraagd hun mening te geven over zowel het gaas als 
de HydroTac. Het absorberend vermogen van de HydroTac bleek niet afdoende voor de 
meeste, smettende Buruli zweren en het verband moest relatief vaak vervangen worden. 
Er werden wel schone en goed granulerende (fris ogende en vanuit de diepte genezen-
de) wonden gezien en de pijn en bloedingen die frequent optreden bij het verwijderen 
van gaas werden vermeden. Daarnaast hadden patiënten een sterke voorkeur voor de 
HydroTac. Toekomstige studies met moderne wondverbanden voor Buruli ulcus zullen 
sterk absorberende verbanden moeten gebruiken. Voor een op dit moment lopende trial 
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in Ghana en Benin word het sterk absorberende verband Drawtex (Beier) gebruikt, terwijl 
het wondoppervlak eerst bedekt wordt met vaselinegaas, waardoor er geen bloeding en 
pijn ontstaat tijdens wondverzorging bij verwijderen van het verband.

Ondanks goede wondzorg kan een Buruli ulcus geïnfecteerd raken met andere 
micro-organismen. In hoofdstuk 9 beschrijven we een onderzoek naar deze secundaire 
infecties. De medische statussen van 51 voormalige Buruli ulcus patiënten in Ghana en 
Benin werden bestudeerd en het voorkomen van zulke ‘secundaire infecties’ en het voor-
schrijven van aanvullende antibiotica naast streptomycine en rifampicine werd geno-
teerd. Veertig van de 51 patiënten kregen aanvullende antibiotica, meestal als profylaxe, 
d.w.z., ter voorkoming van secundaire infecties na chirurgische ingrepen. Twaalf patiënten 
kregen aanvullende antibiotica voor een vermoede secundaire infectie. Naast dossieron-
derzoek werden ook wondkweken afgenomen bij patiënten die op dat moment een 
ulcus hadden. Een negatieve kweek werd gevonden bij ongeveer 30% van de wonden. 
In de andere wonden werden met name S. aureus (waarvan 38% MRSA), P. aeruginosa en 
enterobacteriaceae gevonden. Op basis van deze gegevens werd een richtlijn opgesteld 
voor de rationele behandeling van secundaire infecties. Samengevat schrijft deze richt-
lijn voor geen profylactische antibiotica te gebruiken voor operatieve ingrepen behalve 
bij huidtransplantaties, waar een enkele of dubbele dosis flucloxacilline de eerste keus 
is. Bij patiënten met een vermoede secundaire infectie dienen alleen antibiotica voor-
geschreven te worden indien er sprake is van algemene ziekteverschijnselen als koorts 
of een snelle hartslag. In dat geval is de combinatie van amoxicilline/clavulaanzuur met 
een chinolon de eerste keus. Het naleven van deze richtlijn kan het antibioticagebruik bij 
patiënten met een Buruli ulcus sterk terugdringen en zo kosten, bijwerkingen en resisten-
tieontwikkeling helpen verminderen.

Volksgezondheidszorg

In hoofdstuk 10 bestudeerden we het effect van een programma dat vrijwilligers uit de 
lokale gemeenschap inzet voor de vroege opsporing van patiënten met een Buruli ulcus. 
Hoewel het Buruli ulcus meestal begint met een kleine pijnloze nodus, melden patiënten 
zich vaak in het ziekenhuis met grote zweren, wat weer een risicofactor is voor langdurige 
ziekenhuisopname, operaties en blijvende functionele beperkingen. Een potentiële in-
terventie voor vroege opsporing van het Buruli ulcus is het opzetten van een netwerk van 
vrijwilligers. Dit zijn mensen zonder formele medische of verpleegkundige opleiding die 
kunnen worden getraind omin de dorpen waar de ziekte regelmatig voorkomt, actief op-
sporing te doen van mensen met huidafwijkingen verdacht voor Buruli ulcus. We bestu-
deerden het effect van zo’n netwerk in een endemisch district in Ghana – een gebied 
waar veel Buruli ulcus voorkomt. Het netwerk bestond uit 44 vrijwilligers die getraind 
werden in het diagnosticeren van het Buruli ulcus. Deze vrijwilligers ontvingen een kleine 
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tegemoetkoming voor ieder geval van Buruli ulcus dat zij verwezen naar het ziekenhuis 
en bij wie de diagnose kon worden bevestigd met de polymerase kettingreactie. Tussen 
2009 en 2013 werden er 451 gevallen van Buruli ulcus gezien in het lokale ziekenhuis. 
Vrijwilligers verwezen 203 (45%) van deze patiënten, meer dan andere verwijzers zoals 
gezondheidswerkers of voormalig patiënten. Daarnaast verwezen zij significant meer 
patiënten in de vroegste stadia van de ziekte dan de andere verwijzers. Als gevolg hier-
van werd 70% van de patiënten gezien in het vroegste stadium van de ziekte, wat de 
noodzaak voor opname en chirurgie sterk verminderde.

In hoofdstuk 11 beschreven we de eerste data omtrent therapietrouw bij het Buruli 
ulcus. Bij een Buruli ulcus behandelcentrum in een endemisch gebied in Ghana, voltooide 
slechts 46% van de patiënten de volledige behandeling, bestaande uit 56 doses strepto-
mycine en rifampicine. Er was een significant verband tussen het afbreken van de therapie 
en zelfverwijzing, vrouwelijk geslacht, kleine letsels en reistijd. Zevenenvijftig patiënten die 
hun behandeling voortijdig hadden gestaakt konden worden opgespoord. Als redenen 
voor het staken werden voornamelijk reiskosten (35%), het genezen van het ulcus (19%), 
bijwerkingen van streptomycine (14%) en pijn genoemd. De op handen zijnde introductie 
van therapie zonder injecties – alleen tabletten – zou barrières als reiskosten, bijwerkingen 
en pijn kunnen wegnemen. Wanneer daarentegen patiënten zich niet meer dagelijks bij een 
gezondheidszorgcentrum moeten melden voor hun injecties, verdwijnt ook de controle op 
therapietrouw. Wanneer behandeling met tabletten daadwerkelijk ingevoerd wordt, moet 
goed opgelet worden dat dat niet ten koste van de therapietrouw gaat.

Hoewel vaak beschreven wordt dat een Buruli ulcus ernstige lichamelijke en psy-
chische gevolgen kan hebben, werd de kwaliteit van leven van voormalige patiënten nog 
niet eerder bestudeerd. In hoofdstuk 12 onderzochten we de kwaliteit van leven van 
voormalig patiënten die deel hadden genomen aan een geneesmiddelonderzoek tussen 
2006 en 2009, waarbij enkel patiënten met betrekkelijk kleine letsels werden onderzocht. 
Honderdzevenentwintig van de 151 destijds onderzochte patiënten werden teruggevon-
den. De meeste littekens waren klein en functionele beperkingen waren zeldzaam. Twee 
vragenlijsten naar kwaliteit van leven, één voor huidziekten (de Dermatology Life Quality 
Index – DLQI) en één algemene (de Abbreviated World Health OrganizationQuality of Life 
scale – WHOQOL-BREF) werden afgenomen bij alle voormalig patiënten van 16 jaar en 
ouder. De WHOQOL-BREF werd ook bij 82 gezonde controles afgenomen. Bij voormalig 
patiënten onder de 16 jaar werd alleen de Childrens’ Dermatology Life Quality Index (CD-
LQI) afgenomen. Vijfentachtig procent van de patiënten rapporteerde slechts een klein 
of geen nadelig effect van hun doorgemaakte ziekte op de DLQI. Daarnaast toonde ook 
de WHOQOL-BREF een goede kwaliteit van leven van voormalig patiënten. De resultaten 
tonen aan dat de combinatie van vroege opsporing van het Buruli ulcus in combinatie 
met gestandaardiseerde behandeling met antibiotica een goede toekomstige kwaliteit 
van leven kunnen waarborgen. Dit dient het uitgangspunt te zijn van lokale controle 
programma’s voor het Buruli ulcus.
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Algemene discussie en toekomstperspectieven

Het doel van dit proefschrift was het bestuderen en verbeteren van de zorg voor pa-
tiënten met een Buruli ulcus. Antibiotica hebben het afgelopen decennium een vaste 
plaats verworven in de behandeling van een Buruli ulcus. Nu de behandeling hiermee 
erg succesvol is gebleken, lijkt het tijd om deze te optimaliseren. Een behandelschema 
met minder pijn en minder bijwerkingen is wenselijk. Op dit moment loopt er een grote 
gerandomiseerde klinische trial die de huidige combinatie van antibiotica vergelijkt met 
8 weken volledig orale therapie bestaande uit rifampicine en claritromycine. Mochten 
de resultaten vergelijkbaar zijn met die van eerdere kleinere ‘proefballon’-studies dan zal 
streptomycine binnen afzienbare tijd vervangen worden. Daarnaast zijn er aanwijzingen 
dat het mogelijk is om de duur van de therapie bij patiënten met kleine letsels te ver-
korten. Goed gecontroleerde studies met nieuwe diagnostische technieken zouden hier 
in de toekomst uitsluitsel over kunnen geven.

Lokale etsende ontsmettingsmiddelenmoeten vermeden worden. De wond-zorg 
moet bestaan uithet aanbrengen van vaselinegaas, met daarover een absorberend ma-
teriaal waarover een drukverband wordt aangebracht om de zwelling terug te dringen. 
Deze maatregelen kunnen bijdragen aan een sneller en minder pijnlijk genezingsproces 
van een Buruli ulcus. Een hydrofoam verband was al een verbetering ten opzichte van de 
droge gaasverbanden. In de nu lopende trial worden de letsels van patiënten verbonden 
zoals hierboven aangeduid, met  vaseline gaas en Drawtex (Beier), een sterk absorberend 
verband bestaande uit katoenvezels. Hierdoor wordt het wondbed minimaal verstoord 
en worden pijn en bloedingen vermeden. Analyse van de genezingsduur van patiënten 
uit de trial zal uitwijzen of er naast deze gunstige effecten ook sprake is van een snellere 
genezing.

De introductie van antibiotica voor de behandeling van het Buruli ulcus heeft voor 
een grote ommekeer in het zorgproces gezorgd. Waar het voorheen een chirurgische 
aandoening was die langdurige ziekenhuisopname noodzakelijk maakte, is het nu in po-
tentie een ziekte die poliklinisch behandeld kan worden, zeker met de komst van een 
behandelschema waarbij streptomycine injecties worden vervangen door antibiotische 
tabletten. Patiënten die in een vroeg stadium beginnen met de behandeling genezen 
doorgaans zonder operaties, opname in het ziekenhuis of geavanceerde wondzorg en 
met behoud van kwaliteit van leven. Recente cijfers van de Wereldgezondheidsorganisa-
tie wijzen echter uit dat slechts ongeveer een derde van de patiënten in West Afrika zich 
in een vroeg stadium meldt in het ziekenhuis. Naar onze mening dient er dan ook fors 
geïnvesteerd te worden in de vroege opsporing van patiënten met een Buruli ulcus. Net-
werken van goed opgeleide en (deels financieel) gemotiveerde lokale vrijwilligers lijken 
hierbij een waardevol instrument.
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Er is een dorp nodig om een proefschrift te schrijven. Op deze plaats wil ik graag enkele 
inwoners van dat dorp bedanken. Een promovendus die zich geen illusies maakt weet 
dat dit het meest gelezen deel van het proefschrift is – en met goede reden! Ik aanvaard 
dan ook van harte uw verontschuldigingen voor het overslaan van (een groot deel van) 
de inhoud van het proefschrift. Met het doen van promotieonderzoek – voornamelijk 
bestaand uit veldwerk op het Afrikaanse platteland – ging voor mij een langgekoesterde 
wens in vervulling. Ik wil de volgende personen die dit werk hebben mogelijk gemaakt 
dan ook oprecht bedanken.

Mijn promotor Tjip van der Werf en co-promotor Ymkje Stienstra hebben mij in staat 
gesteld om aan dit onderzoek te beginnen. Tjip en Ymkje, jullie stijl van begeleiden is 
bijna volledig complementair. Mede dankzij jullie is het schrijven van dit proefschrift een 
plezierige en vrijwel stressloze bezigheid geweest.

Beste Tjip, tijdens een voorlichtingsavond over stages in het buitenland was er een pro-
fessor met een bijzonder gevoel voor humor die kwam vertellen over een ziekte waar ik 
nog nooit eerder van gehoord had. Voordat ik het doorhad was een stage wetenschap 
in Ghana een feit. Snel na terugkomst stonden de contouren van dit proefschrift binnen 
een half uurtje op papier. Ik bewonder je optimisme en vermogen tot ‘lateraal denken’. 
Bedankt voor de geboden vrijheid en inspiratie.

Beste Ymkje, met jou was het altijd goed sparren over ideeën. Bedankt dat je me op de 
juiste momenten hebt weten aan te sporen en af te remmen. Ik bewonder je gedreven-
heid, organisatievermogen en talent voor het samenbrengen van mensen. Met het tijdig 
bemerken van mijn voorliefde voor komma’s heb je de lezers van dit proefschrift een flink 
aantal van deze ellendige leestekens bespaard.

My work has caused me to come in contact with some of Ghana´s brightest minds. 
One of which is Kabiru Mohammed Abass – Public Health Officer, and my first contact 
in Ghana. Dear Abass, you are truly someone who is able to bridge the gap that our two 
cultures have left us with. With humor and a sharp sense for logistics and business, you 
have made the field work for this and many other projects possible. Your dedication to 
Buruli ulcer has had a direct impact on the lives of patients both in and outside of your 
district. Besides work, there were countless memorable evenings spent grilling in the 
backyard. Thanks for all your help and friendship.

I would also very much like to thank Wilson Tuah, Buruli ulcer coördinator at Nkawie. Wil-
son, working with with you has been a memorable experience. When navigating through 
the Ghanaian countryside your uncanny ability to “store faces  in the coconut”, and dis-
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tinguish one tree from the other has helped us locate more former patients than I could 
have ever hoped for. In spite of you being amazed that I drive a car without shoes on, 
and me that you eat your Waakye without pepper, we always had fun. Thank you for that. 

Justice Abottsi and Samuel ´Morale´ Mireku are nurses and members of the Agogo Buruli 
ulcer team. Justice, your dedication to patient care is remarkable. I have come to know 
you as an honest and loyal person, and would like to thank you for all your help with 
my research. Morale, your laughter and ‘can-do attitude’ have rightly earned you your 
nickname. Thanks for your help.

On a regional level, I have had the pleasure to work with Richard Phillips, infectious dis-
ease specialist in Kumasi, Ghana. Dear Richard, your energy level never ceases to amaze 
me. Talks by you were never short of inspiration, and any student should be happy to 
have you as their teacher. Thanks for helping me with all my applications to the local 
ethics committee, and for allowing me to harass you way to frequently to inform about 
their verdicts.

Buruli ulcer is a neglected tropical disease, but fortunately both national and international 
programs on Buruli ulcer research and control are striving to change this. Kingsley Asiedu 
of the World Health Organisation and Edwin Ampadu of the National Buruli ulcer Con-
trol Program in Ghana, your efforts in fighting this disease are laudable, and it has been 
a pleasure working with you. Thank you both for your help with coordinating Buruli ulcer 
research in Ghana and beyond.

In spite of over two years of being in the country, my Twii (local language) is still shame-
fully limited. Thank you Salomey, Omar and Ernest for helping me translate and ask all 
kinds of questions to current and former Buruli ulcer patients. 

My home away from home was in a cottage in the backyard of former Agogo surgeon Sol-
omon Mamo. Thank you Solomon for housing me during all my visits to Ghana. Watching 
football over a beer was always enjoyable. Also thanks to the housekeepers Amuzu and 
Papa Amadu for a steady supply of coconuts and oranges and impromptu Twii lessons.

Last in Ghana, but certainly not least, I would like to thank all former and current Buruli 
ulcer patients that participated in my studies. Thank you for allowing me to put beeps 
(audiometry) and strange questions (quality of life questionnaires) in your ears. I was of-
ten humbled by your hospitality that has left me with countless oranges, plantains and 
coconuts, at least a dozen chickens and one goat.
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De farmacokinetiek studie die we samen met Jan-Willem Alffenaar hebben uitgevoerd 
dreigde lange tijd de witte walvis van dit proefschrift te worden. Jan-Willem, bedankt voor 
je geduld. Ik vind het knap hoe je mij als niet-farmaceut wegwijs hebt weten te maken 
in dit niet-alledaagse en vrij wiskundige onderwerp.

Mijn eerste ‘baby-steps’ op het gebied van wetenschappelijk onderzoek heb ik niet 
in Groningen maar in Tilburg gezet. Ik wil de professoren Yori Gidron en Ad Vinger-
hoets hiervoor bedanken. Uitspraken als “Je moet de lezer bij het handje nemen” en 
“We kennen enkel het gemiddelde” spookten bij het schrijven van dit proefschrift nog 
regelmatig door mijn hoofd.

Bij het verzamelen van data heb ik onderweg hulp gekregen van Susanne Loth, Riemer 
Kingma en Anita Velink, geneeskundestudenten uit Groningen die graag een tijdje on-
derzoek in Ghana kwamen doen. Bedankt hiervoor! Susanne, je hulp bij het kwaliteit van 
leven onderzoek was nauwkeurig en betrouwbaar. Riemer, als ‘pionier’ in Nkawie heb jij 
je volgens mij zeer goed vermaakt, met de door jou verzamelde data hebben we maar 
liefst twee artikelen kunnen schrijven. Anita, focus-groep onderzoek is niet het natuurlijke 
domein van de geneeskundestudent. Ondanks deze moeilijke opdracht heeft je werk 
bruikbare resultaten opgeleverd.

Hoewel we met name collega’s op afstand waren, wil ik mijn twee collega promovendi 
Janine de Zeeuw en Marike Alferink bedanken voor de altijd prettig verlopen samen-
werking. Ik vond het leuk om met jullie beiden tijd in Ghana door te kunnen brengen en 
hoop jullie in de toekomst binnen het tropisch of niet-tropisch stukje van de Nederlandse 
wetenschap nog eens tegen te komen.

The studies on paradoxical reactions and secondary infections were conducted together 
with the Beninoise branch of my Buruli ulcer family Yves Barogui. Yves, thanks for collabo-
rating. It was great to host you at my place in Almelo, where you continued to work long 
after I had gone to sleep. I admire your work ethic, and your ability to make ‘big tables’. 
Good luck with finalizing your thesis. Merci pour tous.

Zonder geneeskunde geen tropengeneeskunde. Als ik niet eerst via de zij-instroom in de 
geneeskundeopleiding had kunnen instromen, had ik dit proefschrift niet kunnen schrij-
ven. Ik wil dan ook Mels van Driel en Gerard Terwisscha van Scheltinga van harte bedan-
ken voor het opzetten en uitvoeren van de zij-instroom en voor het asiel aanbieden aan 
een academisch ontheemde psycholoog.

Het afgelopen jaar heb ik mijn proefschrift kunnen afronden terwijl ik met veel plezier 
gewerkt heb op de spoedeisende hulp van de ZGT ziekenhuizen in Almelo en Hengelo. 
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De goede sfeer daar heeft er zeker aan bijgedragen dat ik voor en na (en soms tijdens) 
mijn diensten nog de energie kon vinden om aan mijn onderzoek te werken. Collega’s, 
bedankt daarvoor, en voor het mij toestaan op gezette tijden nare wonden uit Afrika te 
kunnen laten zien.

Naast werk, studie en onderzoek moet er ruimte overblijven voor de belangrijke dingen 
in het leven. Dankzij familie en vrienden is mijn vrije tijd de afgelopen jaren gevuld ge-
weest met mooie momenten. Mijn twee broers, Laurent en Ruben Klis, door de afstand 
zien we elkaar niet vaak, maar het is met al dat rondgereis goed om te weten wortels te 
hebben en mensen om op terug te vallen. Bedankt daarvoor.

Ma, zo vroeg als ik me kan herinneren waren er boekjes over de middeleeuwen, dino-
saurussen, archeologie, piraten en planeten. Verassend genoeg ben ik geen historicus, 
archeoloog, piraat of sterrenkundige geworden (het kan nog altijd). Bedankt voor het 
mij al op jonge leeftijd helpen de wereld te leren kennen. Bij iedere stap op de weg naar 
voltooiing van mijn studie en proefschrift heb ik enorm veel steun ervaren (hoewel soms 
op z’n Rotterdams – “moet je nou weer naar dat gekke Ghana”).

Kristien, wij zijn de reis in de medische wereld samen begonnen en hebben elkaar er 
prachtig doorheen gesleept. Ook in Ghana stond je een groot gedeelte van de tijd aan 
mijn zijde. Onze gedeelde interesse is mooi en soms moeilijk. Als twee botsende tektoni-
sche platen vormen we in ons leven toch prachtige bergen met toppen die een mooie 
toekomst beloven. Merci dat je er bent en weet dat ik weet dat een muze iets anders dan 
een vogel in een kooitje is. X.
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Sandor Klis was born on June 2nd, 1981 in Gerona, Spain. He moved to the Netherlands 
shortly thereafter. In 1999 he passed his secondary school exam at the CSG Angelus 
Merula. After a brief period of studying artificial intelligence (Maastricht University) and 
informatics (Delft University of Technology), he obtained his bachelor’s degree in Clinical 
Health Psychology in 2005, and his master’s degree in Research in Social and Behavioral 
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research electives on suffering in diabetes at the Free University of Amsterdam, post-
traumatic stress disorder and depression in people living with HIV at the Medical Research 
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Working as a researcher in medical psychology, he was inspired by patient con-
tact, the interaction of mind and body, and the work of doctors to make a career switch, 
and he began to study medicine. The first steps on this route involved obtaining addi-
tional secondary school certificates in chemistry and biology and studying Medicine for 
2 years in Ghent, Belgium.

In 2009 he moved to Groningen to join a lateral entry program (‘Zij-instroom’) 
in medicine. In 2011 he successfully completed a research elective on Buruli ulcer in Gha-
na and Benin, and applied for a Junior Scientific Masterclass MD/PhD grant that allowed 
him to carry out his PhD research on Buruli ulcer. The following years he combined field 
work in rural Ghana and Benin with internships at the University Medical Center Gron-
ingen, the Röpcke Zweers hospital in Hardenberg, and the Zorggroep Twente hospitals 
in Almelo and Hengelo. He graduated from medical school in October 2014. He currently 
very much enjoys working as a resident in emergency medicine at the Zorggroep Twente 
hospitals in Almelo and Hengelo.
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