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patients: kill two birds with one stone?
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Buruli ulcer is a necrotizing infection of skin and soft
tissue caused by Mycobacterium ulcerans that results in
significant morbidity and often long-term disability. It is
endemic in West and Central Africa affecting
regions similarly burdened by a high prevalence of
HIV. According to the Médecins Sans Frontières
programme in Akonolinga, Cameroon, the prevalence
of HIV is approximately three to six times higher in
Buruli ulcer-treated patients compared to the regional
estimated HIV prevalence [1]. Similarly in Benin, patients
with Buruli ulcer were eight times more likely to have
HIV infection than those without Buruli ulcer [2].
HIV also affects the clinical presentation of Buruli ulcer
disease with an increased incidence of multiple, larger,
and ulcerated lesions [1,3]. Patients often present with
severe immunosuppression, with 26% of patients in
Akonolinga presenting with CD4þ cell counts less than
200 cells/ml, and in urgent need of antiretroviral therapy
[1].

The treatment of Buruli ulcer has undergone a dramatic
evolution in recent years, with antibiotics being shown to
be highly effective in treating disease and preventing
recurrences [4–7]. Combination antibiotics for 8 weeks
are now the recommended first-line treatment [8].
ippincott Williams & Wilkins. Unaut
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Rifampicin and streptomycin is the most widely used
combination, but increased toxicity [9], difficulties in
administration, drug shortages [10], and impediments
to decentralization of treatment that result from the use
of injectable streptomycin have led to an increasing use
of the oral combination of rifampicin and clarithromycin.
This has been shown in mouse models [11] and obser-
vational cohorts to be effective [6].

Little is known about the optimal timing of antiretroviral
therapy (ART) in HIV patients treated for Buruli ulcer,
nor the optimal ART regimens to use. Nevertheless,
recent WHO recommendations have followed those of
tuberculosis/HIV (TB/HIV) and recommended ART be
commenced in all HIV patients early during the course of
Buruli ulcer antibiotic treatment [8]. As nevirapine and
boosted protease inhibitors are not recommended for
use in patients on rifampicin [12], many patients will be
taking efavirenz (EFV) in the ART regimen. However,
EFV can reduce clarithromycin levels by up to 39% [13],
which likely further compounds the known significant
reduction of clarithromycin levels by rifampicin [14].
Although the clinical consequences of these interactions
are unknown, it could potentially lead to reduced
effectiveness of the rifampicin/clarithromycin regimen
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for Buruli ulcer treatment with secondary treatment
failure and drug resistance. Increased toxicity is also
reported when the two drugs are combined with 46%
of patients reported to develop a rash [15]. Finally,
clarithromycin is given twice daily making adherence
more difficult.

An alternative is moxifloxacin, which is more active
against Mycobacterium ulcerans than clarithromycin in vitro
[16], and in the mouse model shows equivalent efficacy in
combination with rifampicin as both rifampicin/strep-
tomycin and rifampicin/clarithromycin combinations
[11]. Clinical experience in observational studies has
shown it to be effective in combination with rifampicin
for curing lesions and preventing recurrences [7,17].
It has high oral bioavailability, excellent bone and tissue
penetration to reach the areas where the organism is active
[18,19], and has the advantage of being administered
only once daily. Although rifampicin is reported to
reduce moxifloxacin serum levels by 25–30% [20], the
maximal serum concentration after an oral 400 mg
dose (3.2–4.5 mg/ml) [21] remains in excess of its
reported minimal inhibitory concentration for M. ulcerans
(0.5 mg/ml) [16], and should not reduce its effectiveness,
as evidenced by its successful use combined with
rifampicin treating M. ulcerans [7,17] and in human TB
trials [22,23]. Finally, it does not interact with
antiretroviral drugs. Therefore, it could potentially be
effectively combined with rifampicin for treatment of
Buruli ulcer/HIV-infected patients receiving ARTwhile
offering a number of advantages over the combination
of rifampicin/clarithromycin. It will be important to
perform further research to confirm the safety of
rifampicin/moxifloxacin combinations for Buruli ulcer/
HIV treatment, although it has been found that
when moxifloxacin is added to TB regimens containing
rifampicin, toxicity has not been increased [22,23].

Buruli ulcer/HIV-infected patients also live in areas
highly endemic for TB and are likely to have high rates
of TB infection. Buruli ulcer/HIV-infected patients,
especially if significantly immunosuppressed, are there-
fore also likely to have an increased risk of developing
active TB. If moxifloxacin were used in Buruli ulcer
treatment regimens, a concern could be that if used in
patients with active TB the organism could develop
resistance against it and this would remove an important
drug in current drug-resistant TB treatment regimens.
Yet, this potential disadvantage in HIV populations is
perhaps its greatest strength. First, moxifloxacin is active
against dormant TB in vitro, and its activity is increased
when combined with rifampicin [24]. It also has strong
early bactericidal activity against active TB in vivo [25].
When combined with rifampicin for an 8-week Buruli
ulcer treatment course, it may provide effective treatment
of latent TB [24], as has been demonstrated with 2-month
courses of rifampicin and pyrazinamide [26]. This would
offer a significant advantage, as TB is the greatest killer of
pyright © Lippincott Williams & Wilkins. Unautho
HIV-infected patients, and to try and minimize this,
treatment for latent TB is strongly recommended for all
HIV-infected patients [27]. Secondly, although of course
it would be important to exclude active TB prior
to commencement of, and during treatment with,
moxifloxacin-based regimens [27], if active TB disease
were present but undetected, then moxifloxacin would
likely reduce the likelihood of rifampicin resistance
developing during an 8-week treatment course [28], and
thus help prevent the development of rifampicin-resistant
TB. It would also be more likely to prevent rifampicin-
resistant TB than the alternative agents given high rates
of streptomycin TB resistance globally and the limited
activity of clarithromycin against TB. Additionally,
current experience suggests that the number of
Buruli ulcer/HIV patients with active TB is low further
minimizing the public health risk.

So, for HIV-infected patients with Buruli ulcer living in
high-burden TB regions moxifloxacin has the potential
to effectively and safely relieve the significant burden of
Buruli ulcer disease while allowing the use of once-
daily all oral antibiotic regimens that will aid adherence,
reduce toxicity, and facilitate treatment availability in
decentralized community settings. Additionally, it may
kill two birds with one stone by potentially also providing
life-saving eradication of TB infection or reducing
the development of rifampicin-resistant TB disease.
Therefore, we advocate for research to be urgently
undertaken into the use of moxifloxacin combined with
rifampicin to determine its effectiveness and safety as
treatment for Buruli ulcer in HIV-infected adults on
ART.
Acknowledgements

Role of authors: D.P.O’B. developed the concept
and wrote the first draft of the article. E.C., N.F., V.C.,
and P.d.C. provided opinions and contributed signifi-
cantly to further versions of the article.

Conflicts of interest
There are no conflicts of interest.
References

1. Christinet V. Does HIV have an influence on Buruli ulcer’s
incidence and clinical manifestations? Results of a retrospective
analysis of patients treated for Buruli ulcer in a MSF project in
Akonolinga/Cameroon.University of Basel; 2012:; 81.

2. Johnson RC, Nackers F, Glynn JR, de Biurrun Bakedano E, Zinsou
C, Aguiar J, et al. Association of HIV infection and Mycobacter-
ium ulcerans disease in Benin. AIDS 2008; 22:901–903.

3. Kibadi K, Colebunders R, Muyembe-Tamfum JJ, Meyers W,
Portaels F. Buruli ulcer lesions in HIV-positive patient.
Emerg Infect Dis 2010; 16:738–739.
rized reproduction of this article is prohibited.



Moxifloxacin for Buruli ulcer/HIV treatment O’Brien et al. 2179
4. 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; 375:664–672.

5. Sarfo FS, Phillips R, Asiedu K, Ampadu E, Bobi N, Adentwe E,
et al. Clinical efficacy of combination of rifampin and
streptomycin for treatment of Mycobacterium ulcerans dis-
ease. Antimicrob Agents Chemother 2010; 54:3678–3685.

6. Chauty A, Ardant MF, Marsollier L, Pluschke G, Landier J, Adeye
A, et al. Oral treatment for Mycobacterium ulcerans infection:
results from a pilot study in Benin. Clin Infect Dis 2011; 52:
94–96.

7. O’Brien DP, McDonald A, Callan P, Robson M, Friedman ND,
Hughes A, et al. Successful outcomes with oral fluoroquino-
lones combined with rifampicin in the treatment of Mycobac-
terium ulcerans: an observational cohort study. PLoS Negl Trop
Dis 2012; 6:e1473.

8. World Health Organisation. Treatment of Mycobacterium
ulcerans disease (Buruli ulcer): guidance for health workers.
Geneva, Switzerland: WHO; 2012.

9. Chan-Tompkins NH. Toxic effects and drug interactions of
antimycobacterial therapy. Clin Dermatol 1995; 13:223–
233.

10. Shortage of streptomycin: time for a change of approach?
Lancet 2010; 376:1712.

11. Ji B, Chauffour A, Robert J, Lefrancois S, Jarlier V. Orally
administered combined regimens for treatment of Myco-
bacterium ulcerans infection in mice. Antimicrob Agents Che-
mother 2007; 51:3737–3739.

12. World Health Organisation. Antiretroviral therapy for HIV in-
fection in adults and adolescents. Geneva, Switzerland: World
Health Organisation; 2010.

13. Kuper JI, D’Aprile M. Drug-Drug interactions of clinical
significance in the treatment of patients with Mycobacterium
avium complex disease. Clin Pharmacokinet 2000; 39:203–
214.

14. Wallace R, Brown B, Griffith D, Girard W, Tanaka K. Reduced
serum levels of clarithromycin in patients treated with
multidrug regimens including rifampin or rifabutin for Myco-
bacterium avium-M. intracellulare infection. J Infect Dis 1997;
171:747–750.

15. Bristol-Myers-Squibb. Sustiva product information. Princeton,
NJ: Bristol-Myers-Squibb; 2010 :; http://packageinserts.bms.
com/pi/pi_sustiva.pdf.

16. Saito HIN. Antibacterial activities of new fluoroquinolones
against Mycobacterium ulcerans. J Antimicrob Chemother
2001; 47 (Suppl 2):53.
Copyright © Lippincott Williams & Wilkins. Unaut
17. 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; 4:e770.

18. Ballow C, Lettieri J, Agarwal V, Liu P, Stass H, Sullivan JT.
Absolute bioavailability of moxifloxacin. Clin Ther 1999; 21:
513–522.

19. Malincarne L, Ghebregzabher M, Moretti MV, Egidi AM,
Canovari B, Tavolieri G, et al. Penetration of moxifloxacin
into bone in patients undergoing total knee arthroplasty.
J Antimicrob Chemother 2006; 57:950–954.

20. Nijland HM, Ruslami R, Suroto AJ, Burger DM, Alisjahbana B,
van Crevel R, et al. Rifampicin reduces plasma concentrations
of moxifloxacin in patients with tuberculosis. Clin Infect Dis
2007; 45:1001–1007.

21. Nuermberger EL, Yoshimatsu T, Tyagi S, O’Brien RJ,
Vernon AN, Chaisson RE, et al. Moxifloxacin-containing
regimen greatly reduces time to culture conversion in murine
tuberculosis. Am J Respir Crit Care Med 2004; 169:421–426.

22. Conde MB, Efron A, Loredo C, De Souza GR, Graca NP, Cezar
MC, et al. Moxifloxacin versus ethambutol in the initial treat-
ment of tuberculosis: a double-blind, randomised, controlled
phase II trial. Lancet 2009; 373:1183–1189.

23. Dorman SE, Johnson JL, Goldberg S, Muzanye G, Padayatchi N,
Bozeman L, et al. Substitution of moxifloxacin for isoniazid
during intensive phase treatment of pulmonary tuberculosis.
Am J Respir Crit Care Med 2009; 180:273–280.

24. Filippini P, Iona E, Piccaro G, Peyron P, Neyrolles O, Fattorini L.
Activity of drug combinations against dormant Mycobacterium
tuberculosis. Antimicrob Agents Chemother 2010; 54:2712–
2715.

25. Grosset JH, Singer TG, Bishai WR. New drugs for the treatment
of tuberculosis: hope and reality. Int J Tuberc Lung Dis 2012;
16:1005–1014.

26. Halsey NA, Coberly JS, Desormeaux J, Losikoff P, Atkinson J,
Moulton LH, et al. Randomised trial of isoniazid versus
rifampicin and pyrazinamide for prevention of tuberculosis
in HIV-1 infection. Lancet 1998; 351:786–792.

27. World Health Organisation. Guidelines for intensified tubercu-
losis case-finding and isoniazid preventive therapy for people
living with HIV in resource constrained settings. Geneva,
Switzerland: World Health Organisation; 2011.

28. Drusano GL, Sgambati N, Eichas A, Brown DL, Kulawy R, Louie
A. The combination of rifampin plus moxifloxacin is synergistic
for suppression of resistance but antagonistic for cell kill of
Mycobacterium tuberculosis as determined in a hollow-fiber
infection model. MBio 2010; 1:e00139-10.
horized reproduction of this article is prohibited.


	Moxifloxacin for Buruli ulcer/HIV coinfected patients: kill two birds with one™stone?
	Acknowledgements
	Conflicts of interest



