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SHORT COMMUNICATION

Combinations of avibactam and 
carbapenems exhibit enhanced potencies 
against drug-resistant Mycobacterium 
abscessus
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Aim: The objective of this study was to assess if avibactam, a new β-lactamase inhibitor, 
can restore the potency of carbapenems, a sub-class of β-lactams, against Mycobacterium 
abscessus clinical isolates. Materials & methods: 28 M.  abscessus clinical isolates that 
are resistant to multiple drugs currently used to treat its infection were included. MIC 
of carbapenems alone and in combination with avibactam against these strains were 
determined. Results: Tebipenem, an oral carbapenem, and ertapenem and panipenem 
exhibited the greatest shift in MIC when supplemented with avibactam. Conclusion: 
Avibactam restores MICs of tebipenem, ertapenem and panipenem against M. abscessus to 
therapeutically achievable concentrations and raises the possibility of usefulness of these 
carbapenems to treat drug-resistant M. abscessus infections. 
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Mycobacterium abscessus is a rapidly growing nontuberculous mycobacterium found widely in soil and 
water and can cause a spectrum of infections [1]. Prevalence of M. abscessus infections in the lungs 
of people with chronic conditions, such as cystic fibrosis is significant and can often lead to serious 
morbidity [2]. A survey revealed that M. abscessus is present in the sputum of approximately 13% 
of cystic fibrosis patients in the USA [3]. Among nontuberculous mycobacterium lung infections, 
M. abscessus is one of the prevalent species and often leads to a chronic and incurable disease [4–6]. 
Drug resistance in M. abscessus is steadily rising globally, making it increasingly difficult to manage 
infections with these strains [7]. Therefore, new drugs and novel regimens are acutely needed to 
treat infections with M. abscessus. An ideal new drug would inhibit a novel target so that it can be 
effective against M. abscessus strains that are resistant to currently used drugs.

The peptidoglycan is an Achilles’ heel of bacteria as agents that inhibit its biosynthesis, namely 
β-lactams and glycopeptides, comprise some of the most widely used class of antibacterials in 
modern medicine. β-lactams derive their activity by preventing formation of linkage between 
peptide side chains by inhibiting the transpeptidases that catalyze this reaction [8]. Recently it was 
demon strated that majority of the linkages in the peptidoglycan layer of M. abscessus are generated 
by LD-transpeptidases [9] and that this class of enzyme is selectively more susceptible to the car-
bapenem class of β-lactams [10–12]. Imipenem, a carbapenem, has superior activity compared with 
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cefoxitin against clinical strains of M. absces-
sus isolated from cystic fibrosis patients [13]. 
M. abscessus harbors a chromosomally encoded 
β-lactamase that is highly active and therefore 
is of major concern while considering β-lactams 
for treatment of M. abscessus infections [14,15]. 
Here, we have studied if avibactam, a recently 
developed β-lactamase inhibitor, can alter the 
potency of the carbapenem class of β-lactams 
against M. abscessus. Recent studies have pro-
vided insight into the activities of some older 
carbapenems with or without avibactam against 
M. abscessus [16–18]. We have included all commer-
cially available carbapenems, most importantly 
new and oral carbapenems, and a collection of 
clinically isolated M. abscessus strains most of 
which are resistant to multiple drugs currently 
deployed to treat infection by this pathogen. 
Activities of the combinations of clavulanate, 
a β-lactamase inhibitor and carbapenems, were 
recently reported [19]; therefore clavulanate was 
excluded from this study.

Materials & methods
●● Bacterial strains

Twenty-eight unique clinical isolates of 
M.  abscessus were used in this study. These 
strains were obtained de-identified from the 
archive of the Clinical Microbiology Laboratory 
of the Johns Hopkins University Hospital as per 
institutional ethical guidelines. They were iso-
lated over a 10-year period, from 2005 to 2015, 
from patients that were temporally and geo-
graphically unrelated. No two isolates are from 
the same patient. Those displaying a high level 
of resistance to antibacterials used for M. absces-
sus infection were selected for this study. All 
strains obtained prior to 2014 were identified 
to the M. abscessus complex level using a variety 
of methods including 16S rDNA sequencing 
in conjunction with selected biochemical test-
ing, such as sodium citrate. More recent isolates 
(those isolated after 2014) were identified using 
MALDI ToF MS in which a Bruker MicroFlex 
LT (MicroFlex LT, Bruker, Bremen, Germany) 
mass spectro meter and Bruker Biotyper software 
and existing database (version 2.0, Bruker) were 
employed. Subspeciation within the M. absces-
sus complex, which helps to distinguish between 
M.  abscessus sensu stricto, M. massiliense and 
M. bolletii, was not done as this is not per the 
current standard of care at the Johns Hopkins 
Clinical Mycobacteriology Laboratory (MD, 
USA). Distinguishing between M. abscessus 

sensu stricto and M. massiliense is most often 
performed to guide therapy since M. massiliense 
is known to have a nonfunctional erm gene and 
is therefore susceptible to macrolides. However, 
due to the high number of macrolide-resistant 
M. abscessus complex isolates recovered at Johns 
Hopkins, most patient isolates are subjected to 
drug susceptibility testing, making speciation 
within the complex of lesser importance. Thus, 
the proportion of each subspecies within the 
M. abscessus complex for the Johns Hopkins 
strain collection is not known. M.  abscessus 
ATCC 19977 was included as a reference 
 drug-sensitive strain.

●● Growth conditions & MIC
All strains were initially grown in 7H9 complete 
medium composed of Middlebrook 7H9 broth 
(BD Diagnostics, MD, USA) supplemented 
with 0.5% glycerol, 10% oleic acid-albumin-
dextrose-catalase and 0.05% Tween-80 at 
37°C with constant shaking. A standard broth 
microdilution method [20] was used to determine 
MIC. Briefly, M. abscessus strains were grown as 
described above and these cultures, at exponen-
tial phase (A

600nm
 ∼0.6–0.8), were used to inocu-

late 105 colony-forming units into each well of 
microtiter culture plates containing a carbap-
enem at twofold serial dilutions ranging from 
256 to 0.25 μg/ml. An identical setup but with 
wells containing 4 μg/ml of avibactam was used 
to assess the effect of this agent on each carbap-
enem. Carbapenems studied were procured com-
mercially from Sigma-Aldrich (Sigma-Aldrich, 
MO, USA) and include ertapenem, meropenem, 
imipenem, doripenem, biapenem, faropenem, 
tebipenem and panipenem. β-lactamase inhibi-
tors sulbactam, tazobactam and avibactam were 
also procured from Sigma-Aldrich. In addition, 
to establish baseline antibacterial susceptibil-
ity for each strain, we also determined MICs 
for drugs currently used to treat M. abscessus 
infections. They are line zolid, cefoxitin, kana-
mycin, ciprofloxacin, moxifloxacin, amikacin, 
tigecycline, imipenem, tobramycin, trimetho-
prim/sulfamethoxazole and clarithromycin. 
Mycobacterium abscessus growth was evaluated 
by visual inspection of pellets after 3 days of 
incubation (the exception being clarithromycin 
for which incubation was extended to 14 days) at 
30°C without shaking as per Clinical Laboratory 
Standard Institute guidelines [21]. In addition to 
assessment in 7H9 complete medium, we also 
used cation adjusted Mueller–Hinton broth 
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(BD) for MIC studies for the reference strain 
M. abscessus ATCC 19977. All experiments were 
repeated and the final data represent the average 
of two  biological replicates.

Results
We studied the utility of β-lactamase inhibi-
tors sulbactam, tazobactam and avibactam in 
restoring in vitro potencies of carbapenems 
against M. abscessus using the reference drug-
susceptible strain ATCC 19977. We determined 
MICs of ertapenem, meropenem, imipenem, 
doripenem, biapenem, faropenem, tebipenem 
and panipenem alone or in the presence of the 
aforementioned three β-lactamase inhibitors. In 
general, addition of sulbactam and tazobactam 
failed to reduce the MICs of the carbapenems 
(Table 1). However, avibactam (4 μg/ml) con-
sistently reduced the MICs of carbapenems by 
2- to 32-fold. Based on these data, we selected 
 avibactam for further consideration.

The 28 clinical isolates included in this study 
exhibited a wide range of susceptibilities and 
resistance to the antibacterials used to treat 
M. abscessus infections (Table 2). This baseline 
profile illustrates that these clinical isolates are 
mostly resistant to the drugs that are part of 
the current recommendation for treatment of 
M. abscessus infections, with tigecycline being 
the only exception. The MIC of carbapen-
ems against the drug-sensitive control strain 
M. abscessus ATCC 19977 were as expected. 
They were 128, 16, 8, 16, 16, 64, 256 and 
128 μg/ml for ertapenem, meropenem, imi-
penem, doripenem, biapenem, faropenem, 
tebipenem and panipenem, respectively. Broth 

microdilution breakpoints for imipenem and 
meropenem have been established for rapidly 
growing myco bacteria, including M.  abscessus 
and are the same for both drugs: suscepti-
ble, ≤4 μg/ml, intermediate 8–16 μg/ml and 
resistant ≥32 μg/ml. However, breakpoints for 
M.  abscessus have not been established for any 
of the other carbapenems tested in this study. 
In such cases, comparison of individual MICs 
to average peak plasma level and half-life may 
be useful clinically (ertapenem: average peak 
plasma concentration ∼150 μg/ml with a 
half-life of ∼4 h [22]; tebipenem: average peak 
plasma concentration ∼8 μg/ml with a half-life 
of 1 h [23]; panipenem: average peak plasma 
concentration ∼22 μg/ml with a half-life of 
40–70 min [24]).

Compared with ATCC 19977, the 28 clini-
cal isolates were equally or more resistant to the 
carbapenems with a few exceptions (Table 2). 
The average reduction in MICs of the carba-
penems, in combination with avibactam, against 
the 28 clinical strains is as follows: imipenem 
(twofold), faropenem (threefold), biapenem 
(fivefold), doripenem (sixfold), meropenem 
(sixfold), panipenem (eightfold), ertapenem 
(>13-fold) and tebipenem (>38-fold) (Figure 1). 
While avibactam was least effective in reducing 
the MICs of imipenem and faropenem against 
M. abscessus, it was able to restore the MICs of 
panipenem, ertapenem and tebipenem to lev-
els that are therapeutically relevant. These data 
also show an interesting pattern: irrespective of 
how high or low is the MIC of a carbapenem 
alone, avibactam can reduce the final MIC to no 
lower than 4–8 μg/ml. Therefore, it appears that 

Table 1. Minimum inhibitory concentrations (in μg/ml) of carbapenems with and without 
β-lactamase inhibitors against Mycobacterium abscessus ATCC 19977.

Drug 7H9 broth 7H9 + 
sulbactam

7H9 + 
tazobactam

7H9 + 
avibactam

CAMHB only CAMHB + 
avibactam

Ertapenem 64–128 >64 32–64 4–8 128–256 8–16
Meropenem 8–16 8–16 8–16 2–4 32–64 4–8
Imipenem 4–8 4–8 2–4 2–4 8–16 4–8
Doripenem 8–16 8–16 8–16 2–4 16–32 4–8
Biapenem 8–16 4–8 8–16 2–4 16–32 8–16
Faropenem 32–64 16–32 32–64 8–16 64–128 16–32
Tebipenem 128–256 >64 >64 4–8 128–256 8–16
Panipenem 64–128 16–32 32–64 8–16 64–128 8–16
Sulbactam >64 ND ND ND ND ND
Tazobactam >64 ND ND ND ND ND
Avibactam >256 ND ND ND >256 ND
β-lactamase inhibitors sulbactam, tazobactam and avibactam were used at a fixed concentration of 4 μg/ml.
CAMHB: Cation-adjusted Mueller–Hinton broth; ND: Not determined.
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Table 2. Antimicrobial susceptibility profiles of 28 Mycobacterium abscessus clinical strains against carbapenems (with and 
without avibactam, 4 μg/ml) and antibacterials that are currently used to treat M. abscessus infection and where available 
currently used Clinical Laboratory Standard Institute breakpoints for interpretation.

M. abscessus 
clinical 
strain

MIC of carbapenems with and without avibactam M. abscessus 
clinical 
strain

Susceptibility profile for antibacterials used for treatment of M. abscessus infections Avi

Erta Erta + 
Avi

Mero Mero 
+ Avi

Imi Imi + 
Avi

Dori Dori 
+ Avi

Bia Bia + 
Avi

Faro Faro 
+ Avi

Tebi Tebi 
+ Avi

Pani Pani 
+ Avi

CLR SXT CIP MOX FOX AMI LZD IMI TOB TGC KAN  

1N 128 16 16 4 8 8 16 4 16 4 64 32 256 4 128 16 1N I R R R I R R I R 4 8 >256
2N 256 8 8 4 8 8 16 8 16 4 128 32 256 8 64 8 2N R R R R I S R I R 0.5 16 >256
3N 128 16 16 4 8 8 32 4 16 4 64 32 256 4 64 16 3N R ND ND R I ND R I ND ND 16 >256
4N 64 16 16 8 16 16 16 8 16 8 64 16 256 4 32 16 4N R R R R I R R I R 1 8 >256
5N 64 16 16 4 32 32 16 4 16 8 64 16 256 8 128 32 5N I R R R I R R R R 1 16 >256
6N 128 16 16 4 8 8 16 4 16 4 128 32 256 4 128 8 6N R ND ND R I ND R I ND ND 16 >256
11N >256 32 128 8 32 32 128 8 128 8 128 64 >256 16 128 64 11N R R R R I R R R R 4 >256 >256
12N >256 16 16 4 16 8 32 4 16 4 128 32 >256 4 128 16 12N R S R R I S R I R 0.25 16 >256
13N 256 8 32 8 32 16 16 8 16 8 64 32 128 8 64 16 13N S R R R S S I R R 1 8 >256
14N >256 32 128 8 32 8 32 8 64 8 128 64 >256 16 256 32 14N I R R R I S R R R 4 16 >256
19N 256 8 16 4 4 4 16 4 16 4 128 32 128 4 64 4 19N R R R R I S R S R 1 8 >256
201 256 16 32 4 16 8 32 4 32 8 256 64 >256 4 128 8 201 R R R R I R R I R 4 16 >256
202 >256 32 128 8 32 8 64 8 128 8 128 64 >256 8 256 16 202 R R R R I R R R R 1 16 >256
203 >256 32 64 8 16 16 64 8 64 8 128 32 128 8 64 16 203 R R R R I R R I R 2 64 >256
204 >256 32 128 8 32 16 128 8 64 16 256 64 >256 8 256 16 204 R R R R I S R R R 4 32 >256
206 >256 16 32 4 16 8 32 8 32 8 128 32 256 4 128 8 206 I R R R I S R I R 0.5 32 >256
208 256 16 16 4 16 8 32 8 16 8 64 32 256 4 64 8 208 R R R R I R R I R 0.5 32 >256
210 256 8 16 8 8 8 32 4 32 8 128 32 256 8 64 8 210 R R R R I R R S R 1 32 >256
211 >256 16 32 4 16 8 32 4 16 4 128 64 >256 4 64 16 211 R R R R I R R I R 0.5 16 >256
212 >256 32 16 8 16 8 16 8 16 8 64 32 256 8 64 16 212 R R R R I R R I R 0.5 16 >256
214 64 16 16 8 32 32 8 4 16 8 64 16 128 8 64 32 214 S R R R S R R R R 1 16 >256
215 64 8 16 8 32 32 16 8 16 8 64 16 256 16 64 32 215 R R R R I R R R R 2 32 >256
216 128 16 16 8 16 16 16 8 32 8 128 64 256 16 64 16 216 R R R R I R R I R 1 8 >256
218 128 16 16 4 8 8 8 4 16 8 64 32 256 8 32 16 218 R R S R I S R I R 1 8 >256
JHH2 >256 32 128 8 16 16 32 8 32 8 256 64 >256 16 256 16 JHH2 R ND R R I I R I R ≤4 >256 >256
JHH4 128 16 16 4 16 8 16 4 16 8 64 32 256 8 64 16 JHH4 R ND R R I R R I R >4 16 >256
JHH9 128 8 16 4 16 8 16 4 16 4 64 32 256 4 64 16 JHH9 R ND R R I R R I R >4 16 >256
JHHKB >256 64 128 16 32 16 128 8 128 16 64 32 128 16 256 32 JHHKB R ND ND R I ND R R ND ND >256 >256
AMI: Amikacin (susceptible, 1–16 μg/ml, intermediate: 32 μg/ml, resistant: ≥64 μg/ml); Avi: Avibactam; Bia: Biapenem; CIP: Ciprofloxacin (susceptible: 0.12–1 μg/ml, intermediate: 2 μg/ml, 
resistant: ≥4 μg/ml); CLR: Clarithromycin (susceptible: 0.06–2 μg/ml, intermediate: 4 μg/ml, resistant: ≥8 μg/ml); Dori: Doripenem; Erta: Ertapenem; Faro: Faropenem; FOX: Cefoxitin 
(susceptible, 4–16 μg/ml, intermediate: 32–64 μg/ml, resistant: ≥128 μg/ml); I: Intermediate; Imi or IMI: Imipenem (susceptible, 2–4 μg/ml, intermediate: 8–16 μg/ml, resistant: ≥32 μg/ml); 
KAN: Kanamycin (no interpretation for this drug currently available, however, an MIC >5 μg/ml for M. tuberculosis is considered resistant in broth; LZD: Linezolid (susceptible: 1–8 μg/ml, 
intermediate: 16 μg/ml, resistant: ≥32 μg/ml); Mero: Meropenem; MXF: Moxifloxacin (susceptible: 0.25–1 μg/ml, intermediate: 2 μg/ml, resistant: ≥4 μg/ml); ND: Not determined; 
Pani: Panipenem; R: Resistant; S: Susceptible; SXT: Trimethoprim/sulfamethoxazole (susceptible: 0.25/4.75–2/38 μg/ml, resistant: ≥4/76 μg/ml); Tebi: Tebipenem; TGC: Tigecycline 
(no interpretation for this drug currently available, however an MIC >4 μg/ml for M. tuberculosis is considered resistant in broth); TOB: Tobramycin (susceptible, 1–2 μg/ml, 
intermediate: 4 μg/ml, resistant: ≥8 μg/ml). 
S , I and R are classifications based on CLSI breakpoints.

AMI: Amikacin (susceptible, 1–16 μg/ml, intermediate: 32 μg/ml, resistant: ≥64 μg/ml); Avi: Avibactam; Bia: Biapenem; CIP: Ciprofloxacin (susceptible: 0.12–1 μg/ml, intermediate: 2 μg/ml, 
resistant: ≥4 μg/ml); CLR: Clarithromycin (susceptible: 0.06–2 μg/ml, intermediate: 4 μg/ml, resistant: ≥8 μg/ml); Dori: Doripenem; Erta: Ertapenem; Faro: Faropenem; FOX: Cefoxitin 
(susceptible, 4–16 μg/ml, intermediate: 32–64 μg/ml, resistant: ≥128 μg/ml); I: Intermediate; Imi or IMI: Imipenem (susceptible, 2–4 μg/ml, intermediate: 8–16 μg/ml, resistant: ≥32 μg/ml); 
KAN: Kanamycin (no interpretation for this drug currently available, however, an MIC >5 μg/ml for M. tuberculosis is considered resistant in broth; LZD: Linezolid (susceptible: 1–8 μg/ml, 
intermediate: 16 μg/ml, resistant: ≥32 μg/ml); Mero: Meropenem; MXF: Moxifloxacin (susceptible: 0.25–1 μg/ml, intermediate: 2 μg/ml, resistant: ≥4 μg/ml); ND: Not determined; 
Pani: Panipenem; R: Resistant; S: Susceptible; SXT: Trimethoprim/sulfamethoxazole (susceptible: 0.25/4.75–2/38 μg/ml, resistant: ≥4/76 μg/ml); Tebi: Tebipenem; TGC: Tigecycline 
(no interpretation for this drug currently available, however an MIC >4 μg/ml for M. tuberculosis is considered resistant in broth); TOB: Tobramycin (susceptible, 1–2 μg/ml, 
intermediate: 4 μg/ml, resistant: ≥8 μg/ml). 
S , I and R are classifications based on CLSI breakpoints.

there is a lower limit for MIC of carbapenem and 
 avibactam combination.

Discussion
M. abscessus is considered to be the most viru-
lent of the rapidly growing mycobacteria. This 
organism most commonly affects immuno-
compromised hosts, for example, those with 
cystic fibrosis and lung transplant recipients, and 
is largely considered to be a chronic and incur-
able disease [6]. Effective antimicrobial treatment 

is sometimes the only thing that stands between 
these patients and  overwhelming infection or 
even death.

The treatment regimen for M. abscessus pul-
monary disease generally involves combination 
therapy with multiple agents for an extended 
course of several months [25]. Many of these 
antibiotics are poorly tolerated and are associ-
ated with significant cytotoxic effects [6]. The 
high prevalence of both intrinsic and acquired 
anti microbial resistance further complicates this 
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M. abscessus 
clinical 
strain

MIC of carbapenems with and without avibactam M. abscessus 
clinical 
strain

Susceptibility profile for antibacterials used for treatment of M. abscessus infections Avi

Erta Erta + 
Avi

Mero Mero 
+ Avi

Imi Imi + 
Avi

Dori Dori 
+ Avi

Bia Bia + 
Avi

Faro Faro 
+ Avi

Tebi Tebi 
+ Avi

Pani Pani 
+ Avi

CLR SXT CIP MOX FOX AMI LZD IMI TOB TGC KAN  

1N 128 16 16 4 8 8 16 4 16 4 64 32 256 4 128 16 1N I R R R I R R I R 4 8 >256
2N 256 8 8 4 8 8 16 8 16 4 128 32 256 8 64 8 2N R R R R I S R I R 0.5 16 >256
3N 128 16 16 4 8 8 32 4 16 4 64 32 256 4 64 16 3N R ND ND R I ND R I ND ND 16 >256
4N 64 16 16 8 16 16 16 8 16 8 64 16 256 4 32 16 4N R R R R I R R I R 1 8 >256
5N 64 16 16 4 32 32 16 4 16 8 64 16 256 8 128 32 5N I R R R I R R R R 1 16 >256
6N 128 16 16 4 8 8 16 4 16 4 128 32 256 4 128 8 6N R ND ND R I ND R I ND ND 16 >256
11N >256 32 128 8 32 32 128 8 128 8 128 64 >256 16 128 64 11N R R R R I R R R R 4 >256 >256
12N >256 16 16 4 16 8 32 4 16 4 128 32 >256 4 128 16 12N R S R R I S R I R 0.25 16 >256
13N 256 8 32 8 32 16 16 8 16 8 64 32 128 8 64 16 13N S R R R S S I R R 1 8 >256
14N >256 32 128 8 32 8 32 8 64 8 128 64 >256 16 256 32 14N I R R R I S R R R 4 16 >256
19N 256 8 16 4 4 4 16 4 16 4 128 32 128 4 64 4 19N R R R R I S R S R 1 8 >256
201 256 16 32 4 16 8 32 4 32 8 256 64 >256 4 128 8 201 R R R R I R R I R 4 16 >256
202 >256 32 128 8 32 8 64 8 128 8 128 64 >256 8 256 16 202 R R R R I R R R R 1 16 >256
203 >256 32 64 8 16 16 64 8 64 8 128 32 128 8 64 16 203 R R R R I R R I R 2 64 >256
204 >256 32 128 8 32 16 128 8 64 16 256 64 >256 8 256 16 204 R R R R I S R R R 4 32 >256
206 >256 16 32 4 16 8 32 8 32 8 128 32 256 4 128 8 206 I R R R I S R I R 0.5 32 >256
208 256 16 16 4 16 8 32 8 16 8 64 32 256 4 64 8 208 R R R R I R R I R 0.5 32 >256
210 256 8 16 8 8 8 32 4 32 8 128 32 256 8 64 8 210 R R R R I R R S R 1 32 >256
211 >256 16 32 4 16 8 32 4 16 4 128 64 >256 4 64 16 211 R R R R I R R I R 0.5 16 >256
212 >256 32 16 8 16 8 16 8 16 8 64 32 256 8 64 16 212 R R R R I R R I R 0.5 16 >256
214 64 16 16 8 32 32 8 4 16 8 64 16 128 8 64 32 214 S R R R S R R R R 1 16 >256
215 64 8 16 8 32 32 16 8 16 8 64 16 256 16 64 32 215 R R R R I R R R R 2 32 >256
216 128 16 16 8 16 16 16 8 32 8 128 64 256 16 64 16 216 R R R R I R R I R 1 8 >256
218 128 16 16 4 8 8 8 4 16 8 64 32 256 8 32 16 218 R R S R I S R I R 1 8 >256
JHH2 >256 32 128 8 16 16 32 8 32 8 256 64 >256 16 256 16 JHH2 R ND R R I I R I R ≤4 >256 >256
JHH4 128 16 16 4 16 8 16 4 16 8 64 32 256 8 64 16 JHH4 R ND R R I R R I R >4 16 >256
JHH9 128 8 16 4 16 8 16 4 16 4 64 32 256 4 64 16 JHH9 R ND R R I R R I R >4 16 >256
JHHKB >256 64 128 16 32 16 128 8 128 16 64 32 128 16 256 32 JHHKB R ND ND R I ND R R ND ND >256 >256
AMI: Amikacin (susceptible, 1–16 μg/ml, intermediate: 32 μg/ml, resistant: ≥64 μg/ml); Avi: Avibactam; Bia: Biapenem; CIP: Ciprofloxacin (susceptible: 0.12–1 μg/ml, intermediate: 2 μg/ml, 
resistant: ≥4 μg/ml); CLR: Clarithromycin (susceptible: 0.06–2 μg/ml, intermediate: 4 μg/ml, resistant: ≥8 μg/ml); Dori: Doripenem; Erta: Ertapenem; Faro: Faropenem; FOX: Cefoxitin 
(susceptible, 4–16 μg/ml, intermediate: 32–64 μg/ml, resistant: ≥128 μg/ml); I: Intermediate; Imi or IMI: Imipenem (susceptible, 2–4 μg/ml, intermediate: 8–16 μg/ml, resistant: ≥32 μg/ml); 
KAN: Kanamycin (no interpretation for this drug currently available, however, an MIC >5 μg/ml for M. tuberculosis is considered resistant in broth; LZD: Linezolid (susceptible: 1–8 μg/ml, 
intermediate: 16 μg/ml, resistant: ≥32 μg/ml); Mero: Meropenem; MXF: Moxifloxacin (susceptible: 0.25–1 μg/ml, intermediate: 2 μg/ml, resistant: ≥4 μg/ml); ND: Not determined; 
Pani: Panipenem; R: Resistant; S: Susceptible; SXT: Trimethoprim/sulfamethoxazole (susceptible: 0.25/4.75–2/38 μg/ml, resistant: ≥4/76 μg/ml); Tebi: Tebipenem; TGC: Tigecycline 
(no interpretation for this drug currently available, however an MIC >4 μg/ml for M. tuberculosis is considered resistant in broth); TOB: Tobramycin (susceptible, 1–2 μg/ml, 
intermediate: 4 μg/ml, resistant: ≥8 μg/ml). 
S , I and R are classifications based on CLSI breakpoints.

AMI: Amikacin (susceptible, 1–16 μg/ml, intermediate: 32 μg/ml, resistant: ≥64 μg/ml); Avi: Avibactam; Bia: Biapenem; CIP: Ciprofloxacin (susceptible: 0.12–1 μg/ml, intermediate: 2 μg/ml, 
resistant: ≥4 μg/ml); CLR: Clarithromycin (susceptible: 0.06–2 μg/ml, intermediate: 4 μg/ml, resistant: ≥8 μg/ml); Dori: Doripenem; Erta: Ertapenem; Faro: Faropenem; FOX: Cefoxitin 
(susceptible, 4–16 μg/ml, intermediate: 32–64 μg/ml, resistant: ≥128 μg/ml); I: Intermediate; Imi or IMI: Imipenem (susceptible, 2–4 μg/ml, intermediate: 8–16 μg/ml, resistant: ≥32 μg/ml); 
KAN: Kanamycin (no interpretation for this drug currently available, however, an MIC >5 μg/ml for M. tuberculosis is considered resistant in broth; LZD: Linezolid (susceptible: 1–8 μg/ml, 
intermediate: 16 μg/ml, resistant: ≥32 μg/ml); Mero: Meropenem; MXF: Moxifloxacin (susceptible: 0.25–1 μg/ml, intermediate: 2 μg/ml, resistant: ≥4 μg/ml); ND: Not determined; 
Pani: Panipenem; R: Resistant; S: Susceptible; SXT: Trimethoprim/sulfamethoxazole (susceptible: 0.25/4.75–2/38 μg/ml, resistant: ≥4/76 μg/ml); Tebi: Tebipenem; TGC: Tigecycline 
(no interpretation for this drug currently available, however an MIC >4 μg/ml for M. tuberculosis is considered resistant in broth); TOB: Tobramycin (susceptible, 1–2 μg/ml, 
intermediate: 4 μg/ml, resistant: ≥8 μg/ml). 
S , I and R are classifications based on CLSI breakpoints.

Table 2. Antimicrobial susceptibility profiles of 28 Mycobacterium abscessus clinical strains against carbapenems (with and 
without avibactam, 4 μg/ml) and antibacterials that are currently used to treat M. abscessus infection and where available 
currently used Clinical Laboratory Standard Institute breakpoints for interpretation (cont.).

regimen, making development of novel treat-
ment strategies crucial. M. abscessus genome 
encodes a β-lactamase, Bla

Mab
, which is not effec-

tively inhibited by clavulanate, sulbactam and 
tazobactam [14]. We have also failed to observe 
significant reduction in MIC of carba penems 
against M. abscessus when supple mented with 
clavulanate [19] or sulbactam or tazobactam (Table 
1). Bla

Mab
 has been shown to hydrolyze β-lactams 

with high efficiency, especially imipenem. While 
this study suggested that avibactam could 

potentially protect imipenem from Bla
Mab

 [14], in 
our study, the MIC of imipenem was least altered 
by avibactam (Figure 1 & Table 2).Therefore, it 
appears that M.  abscessus likely possess an addi-
tional way to degrade imipenem even when it 
is protected from Bla

Mab
 by avibactam. On the 

other hand, it is plausible that tebipenem, ertap-
enem and panipenem are efficiently hydrolyzed 
by Bla

Mab
 and by any additional mechanism pre-

sent in M. abscessus, and avibactam effectively 
protects these carbapenems.
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Figure 1. Distribution of susceptibility of Mycobacterium abscessus strains (n 28) against carbapenems with or without 4 μg/ml 
avibactam. The data labels in each plot represent the number of isolates. 
Avi: Avibactam; Bia: Biapenem; Dori: Doripenem; Erta: Ertapenem; Faro: Faropenem; Imi: Imipenem; Mero: Meropenem; Pani: Panipenem; 
Tebi: Tebipenem.
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Avibactam & carbapenems combinations exhibit potencies against drug-resistant M. abscessus ShORt COMMuniCAtiOn

Our study showed that the addition of avi-
bactam to various carbapenem antibiotics effec-
tively reduced the MICs of carbapenem-resistant 
M. abscessus isolates to within therapeutically 
achievable levels in vitro. Additionally, the largest 
reduction in MIC was achieved with tebipenem, 
which is available in an oral formulation and may 
further simplify the multidrug  treatment regimen.

Both carbapenems and β-lactamase inhibi-
tors are US FDA approved, widely available and 
generally well tolerated. The results of our study 
are highly promising, as they denote a potential 
new treatment strategy for carbapenem-resistant 
M. abscessus that could be easily implemented in 
clinical practice. Recently, a combination of avi-
bactam and ceftazidime, a β-lactam of cephalo-
sporin subclass, was developed to restore potency 
of ceftazidime against a range of β-lactam resist-
ant bacteria [26]. This combination, available 
under trade name Avycaz, is FDA-approved for 
interabdominal and urinary tract infections, 
in cases where treatment options are limited. 
Given this precedent, further study of combi-
nations of avibactam and carbapenems, espe-
cially tebipenem, ertapenem and panipenem, 
in a clinical setting would be a step toward the 
possibility of adding new options for treatment 
of drug- resistant M. abscessus.

Conclusion
Avibactam is the most active β-lactamase 
inhibitor in reducing the MICs of tebipenem, 
ertapenem and panipenem; if it were not for avi-
bactam, the MIC of these carbapenems would 
be well outside the clinically relevant therapeu-
tic window. For those carbapenems that exhibit 
high MIC against M. abscessus, addition of avi-
bactam usually reduces the MIC. However, 
it appears that avibactam reduces the MIC to 
4–8 μg/ml, but not below this range, irrespec-
tive of how high the MIC of a  carbapenem alone 
is.
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EXECutiVE SuMMARY
 ●  Our study assessed if avibactam can restore potency of carbapenems against Mycobacterium abscessus. Using a full 

panel of carbapenems against a collection of independent M. abscessus clinical isolates, we observed that for selected 
carbapenems, avibactam greatly reduces their MIC.

 ●  Avibactam reduces the MIC of tebipenem against M. abscessus to 4–8 μg/ml, representing a 32–64 fold decrease. This 
concentration is achievable in the blood making tebipenem–avibactam combination a potentially new regimen for 
treatment of M. abscessus infection.

 ●  Avibactam also reduces the MIC of ertapenem and panipenem against M. abscessus to levels achievable in the blood.

 ●  Further study of combinations of avibactam and tebipenem or ertapenem or panipenem, in a clinical setting, would 
be a step toward the possibility of adding new options for treatment of drug-resistant M. abscessus.
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