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ABSTRACT Combination antibiotic therapy is highly effective in curing Buruli ulcer
(BU) caused by Mycobacterium ulcerans. Treatment failures have been uncommonly
reported with the recommended 56 days of antibiotics, and little is known about risk
factors for treatment failure. We analyzed treatment failures among BU patients
treated with =56 days of antibiotics from a prospective observational cohort at Bar-
won Health, Victoria, from 1 January 1998 to 31 December 2018. Treatment failure
was defined as culture-positive recurrence within 12 months of commencing antibi-
otics under the following conditions: (i) following failure to heal the initial lesion or
(i) @ new lesion developing at the original or at a new site. A total of 430 patients
received =56 days of antibiotic therapy, with a median duration of 56 days (inter-
quartile range [IQR], 56 to 80). Seven (1.6%) patients experienced treatment failure.
For six adult patients experiencing treatment failure, all were male, weighed >90 kg, did
not have surgery, and received combination rifampin-clarithromycin (median rifampin
dose, 5.6 mg per kg of body weight per day; median clarithromycin dose, 8.1 mg/kg/
day). When compared to those who did not fail treatment on univariate analysis, treat-
ment failure was significantly associated with a weight of >90kg (P < 0.001), male gen-
der (P=0.02), immune suppression (P=0.04), and a first-line regimen of rifampin-
clarithromycin compared to a regimen of rifampin-fluoroquinolone (P = 0.05). There is a
low rate of treatment failure in Australian BU patients treated with rifampin-based oral
combination antibiotic therapy. Our study raises the possibility that treatment failure risk
may be increased in males, those with a body weight of >90kg, those with immune
suppression, and those taking rifampin-clarithromycin antibiotic regimens, but future
pharmacokinetic and pharmacodynamics studies are required to determine the validity
of these hypotheses.
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relates to peak concentration levels and area under the concentration-time curve (AUC)
(8), meaning that in situations where its serum level is reduced its effectiveness may
also be reduced. Furthermore, although rarely reported (9-11), if used at subtherapeu-
tic levels or if not used in combination with another effective antibiotic, there is the
potential for M. ulcerans to develop rifampin resistance.

Rifampin-based combination antibiotic therapy has been shown to be highly effec-
tive in curing BU, either used alone (12-14) or in combination with surgery (15), with
reported success rates ranging from 93% to 100%. Most commonly rifampin is com-
bined with the injectable agent streptomycin (13), oral clarithromycin (12), or oral
fluoroquinolones (15). Treatment failures have been uncommonly reported with
56 days of rifampin-based combination antibiotic therapy, and there are no previous
reports of associated risk factors. With the increasing use of antibiotic treatment for BU,
it is important to monitor the rates of treatment failure and for the potential emergence
of drug resistance as well as understand the associated risk factors. This may allow
modifications of treatment protocols to minimize these risks.

RESULTS

Between 1 January 1998 and 31 December 2018, 668 BU patients from the Barwon
Health cohort were treated with antibiotic therapy. Fifty-six patients received <28 days
of antibiotics, of whom 3 (5.3%) failed treatment after 6, 7, and 21 days, respectively. A
total of 182 patients received 28 to 55 days of antibiotics, of whom 0 (0.0%) failed
treatment. A total of 430 patients received =56 days of antibiotics.

Those who had received =56 days of antibiotics were included in this study. Of
these 430 patients, 56.7% were male, the median age was 58 years, and 13.0% weighed
>90kg. The first-line antibiotic regimen was rifampin-clarithromycin in 62.6% and
rifampin-fluoroquinolone (FQ) (either ciprofloxacin or moxifloxacin) in 34.2%. Adjunc-
tive surgery was performed in 32.3% of patients. (Table 1).

Seven (1.6%) patients experienced treatment failure (Table 2). All were male with a
median age of 73 years (interquartile range [IQR], 43 to 79 years). For the six adult
patients who experienced treatment failure, all weighed more than 90 kg, did not have
surgery, and received the antibiotic combination of rifampin and clarithromycin (me-
dian dose of rifampin, 5.6 mg/kg/day; median dose of clarithromycin, 8.1 mg/kg/day).
Patient 3 had his drug doses reduced to 300 mg rifampin daily and 250 mg clarithro-
mycin twice daily due to liver cirrhosis and concerns of liver toxicity with full drug
doses. Patient 4 had his clarithromycin dose reduced to 250 mg twice daily due to a low
estimated glomerular filtration rate (eGFR). Patient 1 was a 16-month-old child with
nodular disease, who has been previously reported (16). Patient 5 was immune sup-
pressed receiving 25 mg prednisolone daily for ulcerative colitis. No patients had
diabetes mellitus or were known to be HIV positive. The diagnosis of BU was confirmed
by PCR for 423 (98.4%) patients, 5 (1.2%) patients were diagnosed by histology alone,
and 2 (0.5%) were diagnosed by a positive M. ulcerans culture alone.

When compared to those who did not fail treatment after at least 56 days of
antibiotics, on univariate analysis, failure was significantly associated with the following
characteristics (Table 1): weight of >90 kg (P < 0.001), male gender (P = 0.02), immune
suppression (P = 0.04), and a first-line antibiotic regimen of rifampin-clarithromycin
compared to that of rifampin-FQ (P = 0.05). The association with weight of >90 kg
persisted when stratified by gender (P < 0.001 for males). The median duration of
antibiotics was shorter for the rifampin-clarithromycin first-line antibiotic regimen than
for the rifampin-FQ first-line antibiotic regimen (56 days with an IQR of 56 to 63
compared with 63 days with an IQR of 56 to 86, respectively; P < 0.001). For the 56
patients who weighed >90 kg, 48 (86%) received rifampin-clarithromycin regimens, 8
(14%) received rifampin-FQ regimens, and 6 (11%) were treated with surgery. There
were no significant differences in those who failed and did not fail treatment according
to median age, median duration of symptoms prior to diagnosis, type, location, WHO
category or size of BU lesion, the presence of multiple lesions, diabetes, median eGFR,
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TABLE 1 Comparison of baseline characteristics and treatment modalities for patients who failed treatment compared to patients who
did not fail treatment after at least 56 days of antibiotics in the Barwon Health cohort from 1998 to 2018

Total no. No. of failures No. of successes P value (comparing
Characteristic (% of total) (% of treated) (% of treated) failure vs success)
Gender
Male 244 (56.7) 7 (2.9) 237 (97.1) 0.02
Female 186 (43.3) 0 (0.0) 186 (100.0)
Median Age (years [IQR]) 58 (33-75) 73 years (43-79) 58 (33-75) 0.42
Weight (kg)
<60 33 (7.7) 1(3.0) 32 (97.0) <0.001
60-90 150 (34.9) 0 (0.0) 150 (100.0)
>90 56 (13.0) 6 (10.7) 50 (89.3)
Missing 191 (44.4) 0 (0.0) 191 (100.0)
Lesion type
Ulcer 354 (82.3) 6 (1.7) 348 (98.3) 0.44
Nodule 18 (4.2) 1 (5.6) 17 (94.4)
Edema 53 (12.3) 0 (0.0) 53 (100.0)
Plaque 5(1.2) 0 (0.0) 5 (100.0)
WHO category
1 285 (66.3) 3(1.1) 282 (99.0) 0.35
2 89 (20.7) 2 (2.3) 87 (97.8)
3 56 (13.0) 2 (3.6) 54 (96.4)
Size (mm?2)
=400 60 (20.3) 0 (0.0) 60 (100.0) 0.41
401-1,600 139 (47.0) 3(2.2) 136 (97.8)
>1,600 97 (32.8) 3 (3.1) 94 (96.9)
Median duration of symptoms (days [IQR]) 42 (28-67) 30 (28-60) 42 (28-70) 0.60
Lesion location
Upper limb 126 (29.3) 1(0.8) 125 (99.2) 0.64
Lower limb 299 (69.5) 6 (2.0) 293 (98.0)
Head/trunk 5(1.2) 0 (0.0) 5 (100.0)
Multiple lesions
No 395 (91.9) 6 (1.5) 389 (98.5) 0.55
Yes 35 (8.1) 1(2.9) 34 (97.1)
Diabetes
No 390 (90.7) 7 (1.8) 383 (98.2) 0.39
Yes 40 (9.3) 0 (0.0 40 (100.0)
Immune suppression
No 296 (92.1) 5(1.3) 391 (98.7) 0.04
Yes 34 (7.9) 2 (5.9 32 (94.1)
Median eGFR (ml/min [IQR]) 86 (69,101) 73 (54,92) 86 (69,101) 0.26
Antibiotic regimen
Rifampin-clarithromycin 269 (62.6) 7 (2.6) 262 (97.4) 0.05
Rifampin-fluoroquinolone 147 (34.2) 0 (0.0) 147 (100.0)
Median antibiotic duration (days [IQR]) 56 (56-80) 56 (56-70) 56 (56-81) 0.46
Paradoxical reaction
Yes 160 (37.2) 4 (2.5) 156 (97.5) 0.27
No 270 (62.8) 3(1.4) 267 (98.9)
Corticosteroid use
Yes 66 (15.4) 2 (3.0) 64 (96.7) 033
No 364 (84.7) 5(1.4) 359 (98.6)
Surgery
Yes 139 (32.3) 0 (0.0) 139 (100.0) 0.07
No 291 (67.7) 7 24) 284 (97.6)
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TABLE 2 Characteristics of patients who failed antibiotic treatment after at least 56 days of antibiotics in Barwon Health cohort from
1998 to 20187

Atb Time to
Patient Age Wt WHO Size Lesion duration Atb Dose Rif dose Clr dose Site of relapse
no. (yrs) Gender (kg) stage (mm2) type IS (days) regimen reduced (mg/kg) (mg/kg) Surgery relapse (days) CS PR
1 1 Male 15 1 100  Nodule No 56 Rif-Clr ~ No 10.0 133 No Initial site 100 No No
2 62  Male 137 1 700 Ulcer No 56 Rif-Clr No 44 73 No Initial site 175 No Yes
3 86 Male 99 3 6,630 Ulcer Yes 84 Rif-Clr Yes 3.0 5.1 No Initial site 252 Yes Yes
4 79  Male 102 2 2,500 Ulcer No 56 Rif-Clr  Yes 5.9 4.9 No Local new 175 No No

lesion

5 74  Male 106 2 2,660 Ulcer Yes 70 Rif-Clr No 5.7 94 No Initial site 188 Yes Yes
6 43 Male 95 1 484 Ulcer No 56 Rif-Clr No 6.3 10.5 No Initial site 290 No No
7 73 Male 112 3 572 Nodule No 56 Rif-Clr No 54 8.9 No Initial site 270 No Yes

alS, immune suppression; Rx, treatment; Atb, antibiotic; Rif, rifampin; Clr, clarithromycin; CS, corticosteroids; PR, paradoxical reaction.

median duration of antibiotic treatment, the presence of paradoxical reactions, and
treatment with corticosteroids.

It was noted that BU lesions at the time of relapse differed in clinical appearance
from that of BU lesions at the time of paradoxical reactions; relapsed lesions exhibited
yellow necrotic tissue with undermining of wound edges, which differed from para-
doxical reactions that exhibited areas of pink granulating tissue intermingled with
white connective tissue with no undermining of wound edges (Fig. 1).

DISCUSSION

In our study, we have described a very low incidence of treatment failure (1.6%) in
Australian BU patients treated with at least 56 days of rifampin-based oral combination
antibiotic therapy. This is similar to the experience in Benin for all oral antibiotic therapy
with rifampin and clarithromycin (no failures from 30 patients) (12) and no failures in
158 patients treated in Ghana using rifampin plus the injectable agent streptomycin
(17). Reported failure rates were slightly higher in some other African studies that
included rifampin plus the injectable agent streptomycin and/or oral clarithromycin

FIG 1 (a) Image of patient 5 with relapsed Buruli ulcer at site of initial lesion on upper calf 188 days after
commencement of antibiotics. Note large areas of yellow necrotic tissue with undermining of wound
edges characteristic of clinically relapsed disease. Patient provided informed consent. (b) Image of a
patient with a BU on the inner thigh complicated by paradoxical reaction 164 days after commencement
of antibiotics. Note the absence of yellow necrotic tissue, with instead the characteristic findings of a
paradoxical reaction showing areas of pink granulating tissue intermingled with white connective tissue
with no undermining of wound edges. Patient provided informed consent.
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(7% failure rate in 151 patients [13], 7% failure rate in 43 patients [18], and 4% failure
rate in 297 patients [14]). However, compared to our study, these studies would have
slightly overestimated failure rates, as they classified wounds that failed to heal within
12 months of antibiotic commencement or lesions that increased in size by more than
150% requiring surgery as treatment failures. Considering evidence from Australian BU
patients that successfully treated lesions, especially if they are large or affected by
paradoxical reactions, can increase in size by more than 150% during treatment and can
take longer than 12 months to heal (19) and that surgery plays an important role in BU
treatment in improving the rate of wound healing, minimizing antibiotic-associated
toxicity, and preventing further tissue loss associated with severe paradoxical reactions
(5), we did not include these criteria in our definition of treatment failure.

We found an association of treatment failure with male gender, a body weight of
>90 kg, immune suppression, and those who had received the first-line regimen of
rifampin-clarithromycin compared with that of rifampin-FQ. Treatment failure related to
increased body weight has not been reported previously, but most treatment studies
have been reported from African settings where the majority of patients are children,
and people with a body weight of >90 kg are few; for example, in a study in Ghana the
median BMI was 16.6 to 17.2 (13). Recommended rifampin dosing for BU treatment is
weight based (10 mg/kg/day) (3, 4) but limited to 600 mg daily due to assumptions that
it is effective at this dose range and fears of toxicity at higher doses (20). However,
studies of high-dose rifampin used to treat Mycobacterium tuberculosis have not shown
signs of increasing toxicity at doses up to 35 mg/kg/day (21, 22). Once a patient’s
weight is greater than 90 kg, 600 mg daily of rifampin equates to less than 6.7 mg/kg/
day. In adults within our study, due to the recommended limit of 600 mg daily (3), the
median rifampin dose of those that failed treatment was 5.6 mg/kg/day or just over
50% of a recommended 10-mg/kg/day dose.

Rifampin activity against tuberculosis relates to peak concentration levels and area
under the concentration time curve (AUC) (8), and increasing the rifampin dose results
in a more than proportional increase in the level of exposure to rifampin in plasma (23).
Furthermore, there is in vitro evidence that higher levels of exposure to rifampin kill
mycobacteria more rapidly and prevent the emergence of resistance (24). Mouse
footpad models of BU have also shown that high-dose rifampin (up to 40 mg/kg)
combined with clofazimine (25) or clarithromycin (26) can increase the bactericidal
activity of antibiotic regimens and allow shorter durations of treatment without in-
creasing the rates of treatment failure. In treatment of M. tuberculosis, there have been
concerns that current dosing regimens limited to 600 mg daily are suboptimal and at
the lower end of the dose-response curve, potentially leading to treatment failure and
the development of antibiotic resistance (8, 22, 27). Our finding of an association of
increased treatment failure rates in the heaviest patients with expected lowest levels of
rifampin raises the possibility that this may also be the case in the treatment of BU. It
is possible that in these higher-weight-range populations, higher doses of rifampin may
be needed to prevent treatment failure.

The companion drug to rifampin in all of our failed treatment cases was clarithro-
mycin, which also has a weight based dose recommendation (15 mg/kg/day), limited at
1,000 mg daily (3). Once again, for patients weighing more than 90 kg, daily clarithro-
mycin dosing limited at 1,000 mg daily results in doses equivalent to less than 11.1 mg/
kg/day. In our study, due to the recommended limit of 1,000 mg daily (3), the median
clarithromycin dose in adults that failed treatment was 8.1 mg/kg/day or about 54% of
the recommended 15-mg/kg/day dose. Serum levels of clarithromycin are further
significantly reduced by up to 90% due to an interaction with rifampin (28), and a
previous study examining 5 African patients with BU treated with rifampin and clari-
thromycin, albeit at a reduced dose of clarithromycin (7.5 mg/kg daily), found poten-
tially subtherapeutic clarithromycin levels (29). Thus, there would be significant con-
cerns that in patients with a weight of >90 kg, the dosing regimen limit of 1,000 mg
daily would be inadequate to reach therapeutic levels and may have contributed to the
cases of treatment failure seen in our study.
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Fluoroquinolones may be more suitable companion drugs to rifampin in those with
increased weight, as serum levels are not significantly reduced by rifampin (approxi-
mately 10%) (30), they have high oral bioavailability (31), and they are concentrated in
tissues where the infection exists (32). They have also been shown to have good in vitro
effectiveness against M. ulcerans (6) and, combined with rifampin, have been success-
fully used to treat BU in humans (15). It is interesting that in our study there were no
treatment failures in patients treated with a first-line regimen of rifampin and a
fluoroquinolone (ciprofloxacin or moxifloxacin) despite 34% of patients receiving it.
However, this may have been influenced by the fact that these combinations were
given for a median of 9 days longer than the rifampin-clarithromycin combinations, and
only 14% (8 patients) of those weighing >90 kg received the rifampin-FQ regimen.

The concern about inadequate drug dosing not only relates to the risk of treatment
failure but, more importantly, the risk of developing antibacterial resistance. This is
common in other mycobacterial species, especially tuberculosis (33) and leprosy (34),
but at this stage has been infrequently reported in M. ulcerans. Marsollier et al. reported
in 2003 the development of rpoB resistance mutations in three mice that had been
exposed to rifampin monotherapy (9), and Beissner reported in 2010 a mutation in the
rpoB gene of one patient who had been treated with surgery and antibiotics, though
the combination and duration of antibiotics were unknown, and the isolate could not
be subcultured to test for phenotypic resistance (10). Owusu et al., in 2016, reported the
susceptibility profiles of M. ulcerans isolates to rifampin and streptomycin following
swabs from relapsed or prolonged human disease cases (11). Of 70 isolates, 12 showed
resistance to rifampin disks in culture, and two were resistant to streptomycin, though
no isolates were found to be resistant to both drugs. This study, however, did not
examine the genomic profile of the resistance. Thus, there is the potential for drug
resistance to develop with monotherapy, subtherapeutic drug levels related to either
inadequate dosing or suboptimal adherence, or the long duration of recommended
treatment (8 weeks).

There was only one failure reported in children in our study. It is possible in this
patient that due to their very young age (17 months), factors such as the liquid
preparation may have affected adherence and bioavailability and dosing recommen-
dations may be suboptimal in young children (27).

Our research raises the possibility that there may be an increased risk of treatment
failure in males. This may relate to potentially lower serum levels of rifampin in men
than women, as this has been shown to be the case in tuberculosis (TB) and Mycobac-
terium avium complex patients where serum rifampin levels were 19 to 48% lower in
men (30, 35, 36). Serum levels of clarithromycin and FQs do not appear to be influenced
by gender (30).

All adult patients who failed treatment had medical therapy alone without surgical
intervention, and the absence of surgery showed a trend to be associated with
treatment failure (P = 0.07). We have previously demonstrated that surgery can allow
a reduction in duration of antibiotics required to cure lesions (37), likely by reducing the
burden of organisms needing to be sterilized and removing necrotic and purulent
tissue where antibiotics may have reduced penetration. Thus, it would be interesting in
further studies to explore whether adjunctive surgery can reduce the risk of treatment
failure.

Importantly, there was no increased risk of treatment failure with age, the WHO
category of lesions, the location, type or baseline size of lesions, diabetes, eGFR, the
presence of immune reconstitution inflammatory syndrome (IRIS), or the use of corti-
costeroids during treatment. Interestingly, in patients excluded from this study, there
were no reported treatment failures related to antibiotic durations of between 28 and
55 days. This may have been influenced by the selection in the 28- to 55-day group of
a higher proportion of patients with small lesions (64% versus 20% with lesions <400
mm?2; P < 0.001) and those where antibiotics were ceased early due to toxicity (26%
versus 11% of patients; P < 0.001), as both of these factors potentially influence the risk
of treatment failure (38).
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There were some limitations to our study. First, we did not measure therapeutic
drug levels and, therefore, were unable to assess whether there were low serum
antibiotic levels in patients that may have contributed to their treatment failure.
Additionally, as there were very few treatment failures, statistical power to show a
difference in associations was limited. Furthermore, as in many categories of variables
where there were no treatment failures, we were unable to perform a multivariate
analysis of associated variables to take into account potential confounders. There were
also a significant number of patients whose weight was not available, and this may
have biased the results. Finally, neither genotypic nor phenotypic susceptibility testing
has been performed on the mycobacterial isolates from relapsed cases, and, therefore,
we are unable to determine whether antibiotic drug resistance may have been present
and played a role in the treatment failure.

In conclusion, there is a low rate of treatment failure in Australian patients with BU
treated with rifampin-based oral combination antibiotic therapy. Our study raises the
possibility that treatment failure risk may be increased in males, those with a body
weight of >90kg, those with immune suppression, and in those taking rifampin-
clarithromycin antibiotic regimens, but future pharmacokinetic and pharmacodynamics
studies are required to determine the validity of these hypotheses.

MATERIALS AND METHODS

We examined treatment failure in BU patients who had been treated for at least 56 days with
effective antibiotics from a prospective observational cohort at Barwon Health, Victoria, between 1
January 1998 and 31 December 2018. We used 56 days to exclude the possibility that treatment failure
was related to an antibiotic treatment duration less than that currently recommended by the WHO. The
definition of treatment failure was culture-positive recurrence of a lesion within 12 months of commenc-
ing antibiotics under the following conditions: (i) following failure to heal the initial lesion or (ii) a new
lesion developing either at the original or at a new site.

A BU case was defined as the presence of a lesion clinically suggestive of BU plus any of the following:
(i) a culture of M. ulcerans from the lesion, (ii) a positive PCR from a swab or biopsy of the lesion, or (iii)
histopathology of an excised lesion showing a necrotic ulcer with the presence of acid-fast bacilli (AFB)
consistent with acute BU infection. The initial size of the lesion was determined by measuring the
induration diameter of lesions and calculating the surface area in square millimeters. WHO category was
assigned according to published definitions (3).

WHO and Australian recommended standard dosages for antibiotics were used and included
rifampin at 10 mg/kg/day (up to a maximum of 600 mg daily), clarithromycin at 7.5 mg/kg twice daily (up
to a maximum of 500 mg twice daily), ciprofloxacin at 500 mg twice daily, and moxifloxacin at 400 mg
daily (3, 4). Dosages of ciprofloxacin and clarithromycin were reduced in severe renal dysfunction
(eGFR = 30 ml/min) according to Australian guidelines (39).

Immune suppression was defined as current treatment with immunosuppressive medication (e.g.,
prednisolone), severe chronic renal failure (eGFR < 30), liver cirrhosis, or active malignancy. Body weight
was measured in kilograms; however, body mass index (BMI) could not be calculated as heights were not
recorded. Paradoxical reactions (IRIS) were determined by the treating clinician and defined by the
presence of one or both of the following features: (i) clinical—an initial improvement on antibiotic
treatment in the clinical appearance of a BU lesion followed by a clinically significant deterioration of the
lesion or its surrounding tissues or the appearance of a new lesion(s), and/or (ii) histopathological—
examination of excised tissue from the clinical lesion showing evidence of an intense inflammatory
reaction consistent with a paradoxical reaction (40).

This study was approved by the Barwon Health Human Research and Ethics Committee. All previously
gathered human medical data were analyzed in a deidentified fashion.

Data analysis. Data were collected prospectively using Epi Info 6 (CDC, Atlanta, GA) and analyzed
using Stata 14 (StataCorp, TX, USA). Comparison of parametric variables was performed using the
chi-square test, and median values for nonparametric variables were compared using the Wilcoxon rank
sum test.
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