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In a hollow-fiber model, we mimicked the drug exposures achieved in the lungs of humans treated with standard amikacin, clari-
thromycin, and cefoxitin combination therapy for Mycobacterium abscessus infection. At optimal dosing, a kill rate of �0.09
(95% confidence interval, �0.04 to 0.03) log10 CFU per ml/day was achieved over the first 14 days, after which there was re-
growth due to acquired drug resistance. Thus, the standard regimen quickly failed. A new regimen is needed.

Clinicians treat Mycobacterium abscessus pulmonary disease
with a combination of amikacin, clarithromycin, and cefoxi-

tin for 1 to 2 months, followed by an oral maintenance regimen,
usually with a fluoroquinolone, based on the recommendations of
experts (1). However, the use of this approach “cures” only 50%
even with adjunctive surgery, most of whom relapse or die (2). We
have developed a hollow-fiber model of M. abscessus (HFS-M.
abscessus) and evaluated the effect of monotherapy of amikacin
and moxifloxacin in the system. Each drug failed dramatically,
and acquired drug resistance (ADR) developed (3, 4). Since these
drugs are given as combination therapy in patients, they could still
work in combination. Here, we evaluated the performance of the
standard combination regimen of amikacin, cefoxitin, and clari-
thromycin in the HFS-M. abscessus to determine potential syn-
ergy, and even more importantly, whether the combination ther-
apy could prevent ADR.

Antibiotics were purchased from the Baylor University Medi-
cal Center Pharmacy (Dallas, TX) and from Sigma-Aldrich (St.
Louis, MO). Antibiotics were dissolved in water-methanol (clari-
thromycin), sterile filtered, and diluted to the desired concentra-
tions in Middlebrook 7H9 broth (here broth; Remel, Lenexa, KS).
Stock solutions of M. abscessus ATCC 19977 (ATCC, Manassas,
VA) were grown to logarithmic-growth phase in the broth. MICs
were measured using broth microdilution (5). The amikacin, ce-
foxitin, and clarithromycin MICs were 32, 16, and 8 mg/liter, re-
spectively.

The peripheral compartments of six HFS-M. abscessus systems
were inoculated with 20 ml of 6.0 log10 CFU/ml M. abscessus, as
previously described (3). Three systems were immediately treated
with a combination of amikacin, cefoxitin, and clarithromycin,
while three replicate systems were nontreated controls. Amikacin,
cefoxitin, and clarithromycin were administered via syringe
pumps for 28 days, as in patients. We mimicked free-drug area
under the concentration-time curve from 0 to 24 h (fAUC0 –24),
peak concentration (fCmax), and time to maximum concentration
achieved in the lungs of humans treated with amikacin and clari-
thromycin administered once daily, at 1,000 mg, and cefoxitin
administered at 2 g four times a day (6, 7). Different half-lives in
each HFS-M. abscessus system were achieved, as described by us in
the past (8). Antibiotic concentrations achieved in all the systems

were validated by sampling from the central compartment of each
system at seven time points over 24 h postdose, after which con-
centrations were assayed in a validated multiplexed assay using
liquid chromatography-tandem mass spectrometry in our labora-
tory at the Baylor University Medical Center. We achieved an
AUC0 –24/MIC of 5.3 mg · h/liter for clarithromycin, a percentage
of time above the MIC of 100% for cefoxitin, and an fCmax/MIC of
4.0 of amikacin, so that each drug was at optimal free-drug expo-
sure (3). These exposures are actually better than those
achieved in most patients with standard dosing, based on prior
work (3, 6, 7, 9).

We sampled each system’s peripheral compartment on days 0,
1, 2, 3, 5, 7, 10, 14, 21, and 28 of treatment, washed the cultures in
saline to avoid antibiotic carryover, serially diluted the cultures,
and cultured them on antibiotic-free Middlebrook 7H10 agar.
The size of the resistant subpopulation was quantified by culturing
on Middlebrook agar plates containing 3 times the MIC of each
antibiotic. The day-to-day bacterial burdens with standard ther-
apy and in the controls are shown in Fig. 1a. The combination
therapy killed at the low rate of �0.09 (95% confidence interval
[CI], �0.04 to 0.03) log10 CFU/ml/day, to achieve 1.22 log10

CFU/ml kill on day 14 compared to the day 0 bacterial burden.
After day 14, regrowth was observed. Thus, the combination reg-
imen failed quickly, despite optimal exposures. The proportions
of amikacin- and cefoxitin-resistant subpopulations to total pop-
ulation remained at a low level in the untreated control through-
out the experiment, as shown in Fig. 1b. However, in the systems
exposed to combination therapy, the cefoxitin-resistant subpop-

Received 6 May 2016 Returned for modification 3 July 2016
Accepted 16 July 2016

Accepted manuscript posted online 25 July 2016

Citation Ferro BE, Srivastava S, Deshpande D, Pasipanodya JG, van Soolingen D,
Mouton JW, van Ingen J, Gumbo T. 2016. Failure of the amikacin, cefoxitin, and
clarithromycin combination regimen for treating pulmonary Mycobacterium
abscessus infection. Antimicrob Agents Chemother 60:6374 –6376.
doi:10.1128/AAC.00990-16.

Address correspondence to Tawanda Gumbo, tawanda.gumbo@BSWHealth.org.

Copyright © 2016, American Society for Microbiology. All Rights Reserved.

crossmark

6374 aac.asm.org October 2016 Volume 60 Number 10Antimicrobial Agents and Chemotherapy

http://orcid.org/0000-0002-0581-2003
http://dx.doi.org/10.1128/AAC.00990-16
http://crossmark.crossref.org/dialog/?doi=10.1128/AAC.00990-16&domain=pdf&date_stamp=2016-7-25
http://aac.asm.org


ulation increased considerably after day 14, while the amikacin-
resistant subpopulation proportion did not change (Fig. 1c). Cla-
rithromycin resistance could not be reliably assessed because of
inducible macrolide resistance in M. abscessus (10).

The standard regimen tested failed to effectively kill M. absces-
sus in the 28-day evaluation in the HFS-M. abscessus model that
mimicked lung disease. Cefoxitin seemed to be the driving force of
the regimen, as the HFS-M. abscessus shows that while there was
initial kill, this was abrogated by ADR to cefoxitin. In the nude-
mouse M. abscessus disseminated disease model, cefoxitin has
played a key role as well, as the activity of the triple regimen was
equal to that of cefoxitin alone (11). Mouse studies, while useful,
however, do not allow for repetitive sampling that would allow for
an assessment of the evolution of ADR with time in the same
mouse. Even though the proportion of bacteria resistant to 3 times
the MIC of amikacin did not change, the biphasic nature of re-
sponse on the current amikacin-containing regimen suggests re-
sistance as well, albeit with �3-fold increases in MIC. This type of
low-level resistance, which rapidly emerges within days, has been
shown to be due to evolutionarily conserved efflux pumps in my-
cobacteria that are part of the “antibiotic resistance arrow of time”
(12, 13).

Even at above-optimal amikacin and cefoxitin exposures, the
regimen still failed. The situation observed here resembles the
poor outcome often faced when patients are treated with the stan-
dard combined regimen; if they tolerate it, they may initially re-
spond, but in the end, many simply fail to respond at all, and some
respond and then relapse. In other words, it is going nowhere fast.
The propensity to develop multiple drug resistances quickly is in
part why M. abscessus has been termed the “antibiotic resistance
nightmare” (14). Since dosing to achieve greater-than-optimal
exposure would not result in any greater effectiveness, the solu-
tion is a de novo building of new regimens that are more bacteri-
cidal and can suppress the emergence of ADR. One of the alterna-
tives could be to use tigecycline as an anchor drug in such a
regimen, which has been shown to be effective (15, 16). However,
tigecycline will need to be combined with other effective antibiot-
ics, and the search for such antibiotics is ongoing.
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