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Buruli ulcer, an ulcerating skin disease caused by Mycobacterium ulcerans infection, is common in tropical areas of western Af-
rica. We determined the clinical and microbiological responses to administration of rifampin and streptomycin for 2 weeks fol-
lowed by administration of rifampin and clarithromycin for 6 weeks in 43 patients with small laboratory-confirmed Buruli le-
sions and monitored for recurrence-free healing. Bacterial load in tissue samples before and after treatment for 6 and 12 weeks
was monitored by semiquantitative culture. The success rate was 93%, and there was no recurrence after a 12-month follow-up.
Eight percent had a positive culture 4 weeks after antibiotic treatment, but their lesions went on to heal. The findings indicate
that rifampin and clarithromycin can replace rifampin and streptomycin for the continuation phase after rifampin and strepto-
mycin administration for 2 weeks without any apparent loss of efficacy.

Buruli ulcer (BU) is an ulcerating skin disease caused by Myco-
bacterium ulcerans infection that is common in tropical areas

of western Africa, predominantly affecting children in the 5-to-
15-year age group. The disease starts as a painless subcutaneous
nodule or plaque and sometimes as a more aggressive edematous
lesion. All these lesions ulcerate and enlarge progressively over the
ensuing months. Until recently, the mainstay of treatment for
Buruli ulcer was excision of lesions with a wide margin to ensure
complete removal of visibly affected tissue. The recurrence rates
after surgery ranged between 6% and 47% in Africa, depending on
the type and extent of lesion and on the experience and skill of the
surgeon (1–4). In Australia, where recurrence rates up to 35%
have been reported, the presence of M. ulcerans-positive histolog-
ical margins or immune suppression has been shown to be rele-
vant (5). Recent evidence that antibiotics are effective has shifted
the balance between surgery and antibiotics.

In vitro, M. ulcerans has been shown to be susceptible to rifam-
pin (6), aminoglycosides (7), macrolides (8), and quinolones (9).
A mouse footpad model has also been used to investigate the effi-
cacy of antibiotics administered alone or in combination, and the
combination of rifampin with amikacin or streptomycin was the
most effective therapy with respect to preventing relapse after
treatment for 12 weeks (10). Subsequently, bacterial killing was
evaluated in the mouse footpad after 4 or 8 weeks of treatment
with rifampin, rifapentine, streptomycin, clarithromycin, and
moxifloxacin administered either alone or in combination (11,
12). The rifamycins and aminoglycosides appeared to be the
strongest bactericidal drugs, and the combination of rifampin
with a macrolide was also effective (13). The combination of ri-
fampin with streptomycin (rifampin-streptomycin) has been
evaluated for its ability to kill M. ulcerans in early human lesions of
M. ulcerans disease. Treatment with rifampin at 10 mg/kg of body
weight orally and streptomycin at 15 mg/kg intramuscularly daily
was administered for 0, 2, 4, 8, or 12 weeks, and lesions were

excised for quantitative culture. Cultures of M. ulcerans were pos-
itive at baseline and after treatment for 2 weeks but negative there-
after, and lesions became smaller during treatment (14). Based on
these observations, the WHO Advisory Group on Buruli ulcer
issued interim guidelines recommending the use of the rifampin-
plus-streptomycin regimen described above for 8 weeks (RS8)
(15). Subsequently, evidence from observational studies of a large
number of patients offered antibiotic treatment with or without
surgery in Benin and Ghana confirming the efficacy of this anti-
biotic regimen was published (16). A randomized controlled trial
in which RS8 was compared with RS administered for 4 weeks
followed by rifampin at 10 mg/kg and clarithromycin at 7.5 mg/kg
orally for 4 weeks (RS4RC4) did not show a difference between the
two arms (17).

The aim of the present pilot study was to determine the clinical
and microbiological response to administration of rifampin-
streptomycin for 2 weeks followed by rifampin-clarithromycin for
6 weeks (RS2RC6) in patients with Buruli lesions of less than 15
cm in maximum diameter.

MATERIALS AND METHODS
Patients. Between July 2009 and July 2010, patients from three districts of
Ghana where BU is endemic were recruited at Tepa Government Hospi-
tal, Agogo Presbyterian Hospital, and Nkawie Government Hospital after
active case finding by district outreach teams. In this observational pilot
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study, patients were included if they were more than 5 years old and if they
were willing to participate and met the WHO clinical case definition for
M. ulcerans disease with a nodule, plaque, edema, or ulcer with a maxi-
mum diameter of less than 15 cm. Patients were excluded if they had
tuberculosis, leprosy, or clinical and/or laboratory evidence of significant
renal or hepatic impairment or auditory problems and if they were already
under treatment with antibiotics or herbal preparations. Patients were
also excluded if they were pregnant or known to be intolerant of the M.
ulcerans active antibiotics. Patients were not tested for HIV infection. A
detailed history was recorded, and clinical examination was performed.
An informal assessment of functional limitation was performed before
therapy was initiated. Ethical approval of the study protocol and consent
forms was obtained from the Committee on Human Research Publica-
tions and Ethics of the Kwame Nkrumah University of Science and Tech-
nology and Komfo Anokye Teaching Hospital (CHRPE/05/18/09). Verbal
and written informed consent was obtained from all participants and
from parents, caretakers, or legal representatives of participants aged 18
years or younger.

Treatment administration and monitoring. Patients with a clinical
diagnosis of Buruli ulcer were administered rifampin (10 mg/kg)-strep-
tomycin (15 mg/kg) for 2 weeks followed by rifampin and clarithromycin
(7.5 mg/kg) for 6 weeks (RS2RC6). The doses of streptomycin and rifam-
pin administered were based on WHO antibiotic guidance (13), whereas
that for clarithromycin was based on those administered in a previous
study where RS4RC4 was compared with RS8 (15). Clarithromycin was
administered as a single dose at 7.5 mg/kg due to ease of administration.
Upon initiation of therapy, patients returned daily to their nearest health
center, where treatment was administered under the direct observation of
an existing team of village health workers. Participants were educated not
to use herbal medication. Clinical response was assessed fortnightly dur-
ing antibiotic treatment to monitor the time to complete healing. Serial
photographs were taken until healing was complete, and lesions were
traced onto acetate paper by study nurses. The mean diameter was calcu-
lated by measuring the maximum diameter and that at right angles to it.
The rate of reduction in mean diameter per week was calculated as the
pretreatment mean diameter divided by the number of weeks to complete
healing. Patients were questioned about side effects from the antibiotic
treatment at each fortnightly clinical assessment and asked to report any
problems to the health center between periodic reviews. Patients were
questioned about symptoms of vertigo and abnormal hearing and exam-
ined for scleral icterus. Side effects were judged as mild (grade 1), moder-
ate (grade 2), severe (grade 3), or life threatening (grade 4) according to
the NIH/NCI Common Toxicity Criteria. Oral treatment with rifampin
and clarithromycin was given in two weekly batches at study centers, and
adherence was monitored by pill counts and by inspecting patient treat-
ment cards. Patients who failed to appear at scheduled follow-up visits
during the treatment period were traced by village health workers who
assessed their compliance with therapy.

After completion of antibiotic treatment, daily saline dressing was
continued until the ulcer healed and patients were reviewed monthly for a
year after complete healing to detect recurrence. Surgical excision and
grafting was offered to patients whose lesion had enlarged during or after
treatment by more than 150% of the initial size or had not healed by week
52. New or paradoxical lesions occurring during the course of therapy or
follow-up period were cultured to distinguish recurrent or new infection
from sterile inflammatory lesions. Treatment failure was defined as failure
of complete wound closure by week 52, enlargement of a lesion to more
than 150% of its initial size during or after therapy requiring surgery, or
loss to follow-up in a patient whose lesion had not yet healed at the last
assessment. Paradoxical reaction was defined as an increase in inflamma-
tion with an increase in lesion size of greater than 100%, after initial
improvement and decrease in size, and/or the appearance of a new le-
sion(s) following or during antimycobacterial treatment.

Diagnostic confirmation. The diagnoses were confirmed by obtain-
ing two fine-needle aspirates (FNA) for PCR from nonulcerative lesions

or a swab from the undermined edge of ulcers which was examined for the
presence of acid-fast bacilli (AFB), cultured for M. ulcerans, and tested by
PCR for the IS2404 insertion sequence of M. ulcerans (18, 19). Before
treatment, one 4-mm-diameter punch biopsy specimen was taken from
nonulcerative lesions and from the margin of viable tissue in ulcerative
lesions for AFB and semiquantitative culture. Punch biopsy specimens
were also obtained at week 6 and week 12 if the lesion had not healed.
Local anesthetic in the form of 1% lidocaine was applied before punch
biopsy specimens were obtained. Additional swabs, punch biopsy speci-
mens, or FNA were taken from any lesion deemed to be exhibiting a
paradoxical reaction for culture and PCR in order to distinguish recurrent
or new infection from sterile inflammatory lesions. All females above 10
years of age were tested for early pregnancy before recruitment (Guang-
zhou Wondfo Biotech Co., Ltd., China).

Microbiological procedures. All specimens were processed at Komfo
Anokye Teaching Hospital in Kumasi, Ghana. As described previously,
4-mm-diameter punch biopsy specimens were cut into pieces with a scal-
pel blade and homogenized in 2 ml of normal saline solution by the use of
a sterile mortar and pestle for semiquantitative culture. Ziehl-Neelsen-
stained smears of 10 �l of supernates were examined under a microscope
in duplicate. Tissue homogenates were decontaminated by the sodium
hydroxide (modified Petroff) method (20). An equal volume of 1 M
NaOH (4% NaOH) was added to 1 ml of specimen at a final concentration
of 0.5 M, and the mixture was left to stand for 10 min with occasional
shaking and then neutralized with 1 ml of 1 M HCl (3.2% HCl). The
mixture was centrifuged at 3,000 � g for 20 min, and the supernatants
were removed. Sediments were diluted 10-fold to 106-fold, and 0.2 ml of
undiluted samples and 10-fold dilutions was inoculated onto Lowenstein-
Jensen (LJ) slopes in triplicate. All inoculated culture media were incu-
bated at 31°C and checked weekly for 6 months. In positive cultures,
colonies were enumerated. PCR targeting the IS2404 insertion sequence
was performed as previously described (18, 19).

Statistical analyses. The median time to complete healing and the
cumulative rate of healing of lesions were represented in a survival analysis
curve using GraphPad Prism 6 software. In addition, the proportion of
lesions that were culture positive at 0, 6, and 12 weeks was determined.

RESULTS

Of 82 patients screened for M. ulcerans disease, 39 were excluded;
of the 39, 17 did not meet clinical and or epidemiological criteria
of M. ulcerans disease, 18 had large category III ulcers, 1 was preg-
nant, and 3 were below the age criteria for inclusion. The 3 below
the age of inclusion were found to have had their ages misrepre-
sented by their parents. Twenty-one participants who were too
young or had large lesions received standard streptomycin and
rifampin for 8 weeks (RS8). The pregnant participant was ob-
served at the time of wound dressing until after delivery, when
standard RS8 was administered. Diagnostic samples were ob-
tained only from those who were clinically suspected of M. ulcer-
ans disease. A total of 43 patients were recruited; all recruited
patients had a positive PCR for M. ulcerans IS2404 and received
RS2RC6. Table 1 shows the baseline characteristics of the study
participants. All lesions were �15 cm in maximum diameter for
single lesions; for 4 patients who had small multiple lesions, the
lesions were classified as WHO category III ulcers. Three partici-
pants had mild to moderate functional limitation before treat-
ment was commenced. Adherence to the treatment regimen was
assessed by the use of directly observed therapy (DOT) forms,
signed by health personnel at the health facilities. Adherence was
assessed as 94%.

Healing after treatment with RS2RC6. Figure 1 shows the
proportions of patients healed after 4, 8, 12, 16, 20, and 24 weeks
and up to 52 weeks. Forty patients had recurrence-free healing by
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52 weeks without recourse to surgery. The success rate was 93%.
There were 3 treatment failures. Two were lost to follow-up be-
cause they moved from the study area, one at week 4 and the other
at week 14. In addition, 1 was offered skin grafting at week 32 due
to poor healing (see Table 3). Lesions that had not healed upon
completion of therapy subsequently went on to heal with obser-
vation and wound care. The median time to healing of lesions was
16 weeks (interquartile range [IQR], 4 to 36). The median (IQR)

rate of reduction in the diameters of the lesions was 2.5 (1.1 to 5.1)
mm/week, and there have been no recurrences after 12 months of
follow-up.

Paradoxical reactions were observed in 4 patients (Table 2).
They occurred at a median time of 12 weeks (range, 4 to 32) and
were associated with lesion enlargement in all cases. Lesions were
painful in 2 of 4 cases, and there was pus requiring aspiration in 1
case. In 3 of 4 cases, the reaction occurred at the original site but
one also occurred at a new site on the same limb. Culture was
negative in 3 of 4 cases but positive from one ulcer that enlarged at
week 4. In two cases, lesions which had completely healed by
weeks 8 and 12 broke down at weeks 12 and 20, respectively. In
one of these cases, the lesion healed at week 12, ulcerated at week
20, and improved but enlarged further at week 32. Paradoxical

TABLE 1 Demographics, clinical features, and diagnostic data of study
participants with Buruli ulcer who received rifampin orally and
streptomycin intramuscularly daily for 2 weeks followed by rifampin
and clarithromycin orally each day for 6 weeksa

Patient parameter RS2RC6 value(s)

Total no. 43
Sex (no. of males/no. of females) 18/25
Median (range) age (yr) 14 (5–70)

No. (%) with indicated site of lesion
Head and neck 1 (2)
Upper limbs 21 (49)
Trunk 1 (2)
Lower limbs 20 (47)

No. (%) with indicated clinical form of lesion
Nodule 14 (32)
Plaque 9 (21)
Ulcer 20 (47)

No. (%) with indicated category of lesion
I 27 (63)
II 12 (28)
III 4 (9)

No. with indicated laboratory confirmation result
AFB detectionb (�/�) 11/21
M. ulcerans culturec (�/�) 14/22
PCR for IS2404 (�/�) 43/0

a RS2RC6, administration of rifampin orally and streptomycin intramuscularly daily for
2 weeks followed by administration of rifampin and clarithromycin orally each day for
6 weeks. �, positive result; �, negative result.
b Zeihl-Neelsen staining for acid-fast bacilli (AFB) was not performed at baseline in 11
patients.
c M. ulcerans culture was not performed at baseline in 7 patients.

FIG 1 Survival analysis curve of cumulative complete healing of patients on rifampin and streptomycin for 2 weeks followed by rifampin and clarithromycin for
6 weeks (RS2RC6). Time to complete healing, defined as complete re-epithelialization with or without stable scab formation, was determined for each patient as
well as the cumulative healing.

TABLE 2 Clinical features of Buruli ulcer patients with paradoxical
reactions after administration of rifampin-streptomycin combination
treatment daily for 2 weeks followed by rifampin-clarithromycin daily
for 6 weeks

Characteristic

Patient no. and result

1 2 3 4

Primary lesion form Ulcer Ulcer Plaque Nodule
Type of lesion reaction Enlargement Enlargement Enlargement Enlargement
Reaction site in relation

to primary lesion
New site Same site Same site Same site

Pus collection No pus No pus No pus Pus filled
Pain Yes No No Yes
Time of initial healing

(no. of wks)
8 12 c c

Onset(s) of reaction
(no. of wks)

12 20, 32b 4 6

M. ulcerans culture
result

Negative Negative Positive Negative

Treatment(s)
administered

Wound care Wound care Wound care,
antibioticsc

Pus aspiration,
antibioticsc

Time to complete
healing (no. of wks)

20 39 30 18

a The lesion broke down at week 20 and improved but further enlarged at week 32.
b The lesion did not heal before the onset of the paradoxical reaction.
c Routine antibiotics for treatment of Buruli ulcer were continued until week 8.

Clinical and Bacteriological Response of Buruli Ulcer
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reactions were managed by observation, wound care, and aspira-
tion of pus, but no additional antibiotics were administered to any
patient. The median time to healing in patients who developed
paradoxical reactions was 24 weeks (range, 18 to 39 weeks). In the
two patients whose lesions completely healed before they further
broke down, the time to healing was prolonged by 12 (week 8 to
week 20) weeks and 27 (week 12 to week 39) weeks from the time
of the initial healing.

Three participants had functional limitation before therapy
was initiated. All had a complete recovery of function with simple
exercises during and after antibiotic treatment carried out accord-
ing to WHO guidelines (15).

Treatment was well tolerated, but a 70-year-old man devel-
oped vestibulotoxicity in the second week of treatment that was
assessed by the NIH/NCI common toxicity criteria as grade 3. His
symptoms subsided when he was switched to the rifampin and
clarithromycin combination. No dermatological or gastrointesti-
nal intolerance or icterus (no clinically apparent hepatic toxicity)
was observed among patients. Table 3 summarizes the main clin-
ical outcomes.

Bacterial viability after treatment with RS2RC6. Samples for
M. ulcerans culture were obtained from 36 of 43 patients; of those
samples, 14 (39%) were positive, with mean CFU per gram of
tissue of 3.2 log10 (range, 1.6 to 4.3 log10). Further samples were
taken from 16 lesions that had not healed or had nearly healed
after antibiotic treatment for 6 weeks; of those samples, 10 (63%)
were culture positive (3.0 log10 CFU/g; range, 2.0 to 4.0). Four
weeks after the end of antibiotic treatment, 3 of 7 (43%) lesions
sampled remained culture positive although the colony count was
lower (1.6 log10 CFU/g; range, 1.0 to 2.3). All positive M. ulcerans
cultures were confirmed by M. ulcerans-specific IS2404 PCR.

DISCUSSION

In this study, the clinical and microbiological response to admin-
istration of rifampin and streptomycin for 2 weeks followed by
rifampin plus clarithromycin for 6 weeks (RS2RC6) in patients
with Buruli lesions of less than 15 cm in maximum diameter was
determined. Overall, treatment was successful in 93% of patients
who had complete healing and there were no recurrences within 1
year of follow-up. These findings are comparable to recent obser-
vations, when patients administered a standard streptomycin and
rifampin combination for 8 weeks achieved a 95% healing rate
within 2 to 48 weeks (16). We recorded recovery of function with
simple exercises in all patients who presented with functional lim-
itation associated with Buruli ulcers.

One aim of this study was to investigate the microbiological

response to treatment with RS2RC6. Experiments using the
mouse footpad model of M. ulcerans infection showed that rifam-
pin-streptomycin was the most powerful bactericidal combina-
tion for preventing recurrence (10, 21), but subsequent experi-
ments in which bacteria were quantified after treatment for 8
weeks showed that the combination of rifampin with clarithromy-
cin was equally successful in sterilizing footpads after 8 weeks (11)
and that, in fact, treatment using rifampin alone was also success-
ful (12, 13). We have shown previously that when cultures were
taken from selected Buruli ulcers 4 to 6 weeks after the start of
treatment with RS8, 9 of 49 (18%) yielded a positive culture result
with 3.5 log10 CFU/g (range, 2.0 to 6.3 CFU/g) (16). Using the
present treatment regimen, a higher proportion of cultures (10 of
16; 63%) were positive after 6 weeks but the mean CFU count was
similar at 3.0 log10 CFU/g of tissue (range, 2.0 to 4.0 CFU/g). Thus,
there was not a significant loss of bactericidal activity resulting
from the shorter duration of streptomycin treatment, although
the number of samples was small. It was possible to take more
samples for culture at week 12 in the present study, and, as seen
before, a surprising number (3 of 7) were positive, although the
CFU count was lower than that at baseline or at 6 weeks. In this
study, the dose of oral clarithromycin was 7.5 mg/kg, which is the
same as that used in a previous study where clarithromycin plus
rifampin administered during the second 4-week period after an
initial 4 weeks of rifampin and streptomycin (RS4RC4) resulted in
clinical outcomes similar to those seen after giving streptomycin
and rifampin daily for 8 weeks despite the fact that this dose results
in lower serum levels of clarithromycin (22).

All the lesions went on to heal without further antibiotic ther-
apy or recurrence just as in the earlier study when RS8 was admin-
istered, suggesting that sterilization of the lesions may not be re-
quired for complete healing and that the immune response to M.
ulcerans at that stage is sufficient to contain and even overcome the
infection. However, culture positivity after administration of an-
tibiotics may partially explain why some lesions heal slowly, as
viable organisms may continue producing small amounts of my-
colactone (16). At low concentrations, mycolactone inhibits the
action of some cytokines and chemokines known to act as growth
factors in healing (23).

The incidence and optimal management of paradoxical reac-
tions are not certain at present (24–27). Paradoxical reactions
have been defined as the presence of new inflammatory disease
within or close to a Buruli ulcer leading to extension of the existing
ulcer or new ulceration, usually with pus formation. However,
diagnosis is challenging; a change in the size of ulcers on an uneven
surface such as that of a limb is difficult to record, and erythema is
easily missed on black African skin. By analogy with other diseases
such as tuberculosis, these reactions are thought to result from
increasing inflammation as a consequence of enhancement of the
immune response during treatment (28–31). In the present study,
paradoxical reactions were observed in 9% of patients with all
forms of Buruli ulcer disease from week 4 during antibiotic treat-
ment up to week 32, 24 weeks after treatment finished. Mycobac-
terium ulcerans was not cultured from reacting ulcers except in
one that occurred at week 4 of antibiotic treatment. Although
histological data are not available for that patient, the reaction is
unlikely to have been due to treatment failure, as the culture result
was negative 4 weeks after antibiotic completion and the lesion
went on to heal at week 30 without recurrence after 2 months of
follow-up. No additional antibiotics were administered to any of

TABLE 3 Summary of clinical outcomes and events of 43 patients with
Buruli ulcer who received streptomycin and rifampin daily for 2 weeks
followed by clarithromycin and rifampin administered orally for 6
weeks

Outcome
No. (%) of patients with
RS2RC6 treatment

Healed without surgery 40 (93)
Healed with surgery 1 (2)
Lost to follow-up 2 (5)
Healed with functional limitation 0
Paradoxical reaction(s) 4 (9)
Adverse event (vestibulocochlear toxicity) 1
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the patients, and paradoxical lesions occurring after antibiotic treat-
ment were managed successfully by observation, wound care, and
aspiration of pus. Others have given either a second course of RS8
(32) or corticosteroids (25). Our observations do not suggest that
these interventions are necessary, but neither has been investigated in
a controlled trial. Reactions such as these may account for the percep-
tion in the past that antibiotic treatment had not been successful in
some patients. For example, surgical intervention was justified on the
basis of treatment failure 4 weeks after antibiotic initiation in a num-
ber of patients in a recent study (33). These large ulcers were not
thought by the authors to have developed paradoxical reactions, but
in such circumstances, rapid enlargement after a gradual reduction in
size may not have been apparent.

The treatment was clinically well tolerated, but unrecognized
hepatic or vestibuloauditory toxicity assessment by audiometry or
liver function tests was not performed in this study.

The findings from this study indicate that rifampin combined
with clarithromycin can replace rifampin and streptomycin for
the continuation phase after rifampin-streptomycin treatment for
2 weeks without any apparent loss of therapeutic effectiveness,
with the implication that a controlled trial of fully oral therapy
using rifampin and clarithromycin for 8 weeks (RC8) is justified.
This is supported by evidence from 2 case reports (34, 35) as well
as from a series of 30 patients in Benin with small, early lesions
(�10 cm diameter) and 11 of 12 patients in Australia who healed
after RC8 with no recurrences (36, 37). Administration of RC8
would be less painful for children, avoiding the need for injec-
tions, and it would be easier to implement in rural western Africa.
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TABLE 2 Clinical features of Buruli ulcer patients with paradoxical reactions after administration of rifampin-streptomycin combination treatment
daily for 2 weeks followed by rifampin-clarithromycin daily for 6 weeks

Characteristic

Patient no. and result

1 2 3 4

Primary lesion form Ulcer Ulcer Plaque Nodule
Type of lesion reaction Enlargement Enlargement Enlargement Enlargement
Reaction site in relation to primary lesion New site Same site Same site Same site
Pus collection No pus No pus No pus Pus filled
Pain Yes No No Yes
Time of initial healing (no. of wks) 8 12 —b —b

Onset(s) of reaction (no. of wks) 12 20, 32a 4 6
M. ulcerans culture result Negative Negative Positive Negative
Treatment(s) administered Wound care Wound care Wound care, antibioticsc Pus aspiration, antibioticsc

Time to complete healing (no. of wks) 20 39 30 18
a The lesion broke down at week 20 and improved but further enlarged at week 32.
b —, the lesion did not heal before the onset of the paradoxical reaction.
c Routine antibiotics for treatment of Buruli ulcer were continued until week 8.
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