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ABSTRACT Mycobacterium abscessus lung infections remain difficult to treat. Previous 
studies have shown that the combinations of a carbapenem and a second-generation 
β-lactamase inhibitor are effective in vitro, in macrophages, and in zebrafish embryos. We 
report here that imipenem combined with avibactam is also effective in a C3HeB/FeJ 
mouse model of infection in reducing bacterial burden in organs. The addition of 
amoxicillin improved the antibacterial activity of this combination in the lungs and 
kidneys.
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M ycobacterium abscessus is a rapidly growing mycobacteria responsible for 
pulmonary diseases in patients suffering either from chronic obstructive pulmo­

nary diseases or cystic fibrosis (1, 2). Smooth (S) variants of M. abscessus form biofilms in 
the early phases of lung colonization. The onset of acute and invasive lung infection is 
triggered by the S to rough (R) morphotype transition. R variants form aggregates (cords) 
preventing phagocytosis (3).

M. abscessus is resistant to a large array of antibiotics. The CF Foundation and the 
ECFS recommend that treatment of M. abscessus pulmonary infections should include an 
intensive phase followed by a continuation phase (4). The intensive phase should include 
a combination of imipenem (IPM), the currently recommended β-lactam, amikacin, 
azithromycin, and tigecycline during 3–12 weeks. The treatment of the intensive phase 
is guided but not dictated by drug susceptibility testing (4). A panel of per os drugs is 
available for the continuation phase (≥12 months) (4).

M. abscessus produces a broad-spectrum β-lactamase, BlaMab (5), which hydrolyzes 
β-lactams and is inhibited by diazabicyclooctane (DBO) β-lactamase inhibitors such as 
avibactam (AVI) (6). AVI should, therefore, be considered to improve the activity of 
β-lactam antibiotics, although it is not yet part of the recommended treatment (7, 8). 
DBOs restore the activity of β-lactams that are effectively inactivated by BlaMab, such 
as amoxicillin (AMX) (6). In contrast, DBOs minimally potentiate the in vitro activity of 
carbapenems, which are ineffectively inactivated by BlaMab, only leading to one- to 
two-fold reductions of the MICs of IPM and tebipenem against M. abscessus (9–17). In 
spite of this limited impact on MICs, DBOs were found to improve the in vivo activity of 
carbapenems in mouse and zebrafish models (9, 18, 19). Drug combinations including 
two β-lactams and a DBO inhibitor displayed promising activity in vitro (13, 20–23), but 
their in vivo evaluation remains limited (23).

Herein, we explored, in the C3HeB/FeJ mouse model of M. abscessus infection (24), 
the efficacy of IPM combined with AVI in the absence or presence of AMX. AMX was 
chosen because this drug, in association with AVI, is active in vitro against M. abscessus (6) 
and can potentially act in synergy with IPM by acting on complementary sets of targets 
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(L,D-transpeptidases and PBPs). The ability of DBOs to protect AMX and IPM against 
BlaMab, in combination with the potential intrinsic activities of DBOs on L,D-transpepti­
dase and PBP targets, supports the rationale behind the potent activity of the triple 
combination (25, 26). We compared the efficacy of the drug regimen against the R and S 
variants of M. abscessus strain ATCC 19977.

All animal experiments were performed according to ethical guidelines and 
with ethical committee (N°047 with agreement A783223) agreement APAFIS 
#44601-2023090514417206 v3. We first evaluated drug efficacy against the R variant 
of the M. abscessus strain ATCC 19977. Against this strain, the MICs of IPM alone, in the 
presence of AVI (4 µg/mL), and in the presence of both AVI (4 µg/mL) and AMX (4 µg/mL) 
were 4, 2, and 1 µg/mL, respectively. AVI alone did not inhibit the growth of M. abscessus 
(MICs > 256 µg/mL) (16).

In lungs and compared to untreated animals, AVI alone had no activity against the 
R variant of M. abscessus both at 10 and 18 days post-infection (dpi) (Fig. 1; Table S1 
for statistical evaluation). Compared to untreated animals, IPM was not effective both 
at 10 and 18 dpi. The combination IPM-AVI was effective in lungs at 18 dpi compared 
to untreated animals, but the addition of AVI to IPM did not significantly improve the 
activity of IPM. For other organs (Fig. S1A to C; Table S1 for statistical evaluation), 
significant results showed that IPM was effective in the liver at 10 dpi and in the kidneys 
both at 10 and 18 dpi. Addition of AVI to IPM did not significantly improve the activity of 
IPM in organs, except in the liver at 10 dpi. In the kidneys, the clearance of bacteria was 
effective with IPM and IPM-AVI, with sterilization at 18 dpi in the majority of the animals 
(Fig. S1C). Macroscopic examination of kidneys at 18 dpi revealed abscesses in animals 

FIG 1 Bacterial persistence of M. abscessus CIP 104536T rough variant in the lungs of C3HeB/FeJ mice after i.v. infection (0.6 × 106 CFU/mouse) and treated 

with imipenem (IPM), avibactam (AVI), or the imipenem-avibactam combination (IPM-AVI). Mice were infected in the tail vein with 0.6 × 106 CFU/mouse in a 

total volume of 200 µL of water containing 0.9% sodium chloride. The following day (before treatment started), two mice were euthanized, and lungs were 

harvested to determine baseline bacterial burden. Lungs were homogenized, serially diluted, and plated onto vancomycin, colistin sulfate, amphotericin B, 

and trimethoprim (VCAT) chocolate agar plates (BioMérieux, France) and incubated for 5–6 days at 37°C prior to CFU count. Antibiotic treatment began at 3 

days post-infection (dpi). Mice were treated starting on day 3 for 5 days (D10) or 12 days (D18) by twice daily (i.e., every 12 hours) subcutaneous injections of 

100 mg/kg IPM (imipenem-cilastatin; Laboratoire Arrow, France) in saline solution, of 100 mg/kg AVI (Advanced ChemBlocks, CA, USA) in saline solution, or of 

100 mg/kg IPM plus 100 mg/kg AVI. All antibiotics were resuspended in sterile water, aliquoted, and frozen at −20°C until single use after defrosting. A control 

group received twice daily subcutaneous injections of saline. Mice were euthanized 3 days after antibiotic cessation to allow antibiotic clearance. Experimental

groups of mice were evaluated for bacterial burden on days 10 and 18 as described above for day 1. n = 5 mice were used per experiment, and bacterial load 

in each group is expressed as log10 units of CFU (±SD) cells at 1, 10, and 18 dpi. Differences between means were analyzed by two-way ANOVA and the Tukey 

post-test, allowing multiple comparisons. n.s. = non-significant, *P < 0.05, **P < 0.01 . Experiment was realized once.
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treated with AVI alone as well as in untreated animals, while IPM and IPM-AVI prevented 
the formation of abscesses (Fig. S1D, lower panel). Treatments with IPM and IPM-AVI were 
associated with lower spleen weight in comparison to untreated animals at 18 dpi (Fig. 
S1D, upper panel).

IPM and IPM-AVI treatments resulted in very low CFU counts or sterilization in organs 
in mice infected with the R variant. Increasing the infectious dose with the R morphotype 
results in an acute infection with a massive inflammatory response and death of mice 
in 3–5 days (27). In contrast, increasing the infection dose is feasible for the S variant,
providing additional opportunities to compare the efficacy of drug regimens. Thus,
the efficacy of β-lactam combinations was next evaluated against the S variant of M. 
abscessus strain ATCC 19977 at a higher inoculum.

Against the S variant, the MICs of IPM alone, in the presence of AVI, and in the 
presence of AVI and AMX were 4, 2, and 0.5 µg/mL, respectively. These values were 
similar to those obtained for the R variant (4, 2, and 1 µg/mL). In lungs and compared 
to untreated animals, AVI alone had no activity (Fig. 2; Table S2 for statistical evaluation). 
In contrast, IPM and IPM-AVI led to significant reductions in the CFU counts both at 11 
and 18 dpi. The addition of AVI to IPM did not result in any significant reduction of CFU 
counts. The same conclusions can be drawn from CFU counts in liver and spleen (Fig. 
S2A and B). In the kidneys, IPM-AVI afforded a greater reduction in CFU counts than IPM 
both at 11 and 18 dpi (Fig. S2C). As found for the R variant, IPM and IPM-AVI prevented 
the formation of abscesses at 18 dpi (Fig. S2D, lower panel). In mice infected with the 
S variant, the IPM and IPM-AVI regimens did not significantly reduce spleen weight in 
comparison to untreated animals at 18 dpi (Fig. S2D, upper panel), in contrast to what 
was observed for the R variant (Fig. S1D).

We next investigated whether the addition of AMX improved the efficacy of IPM 
and IPM-AVI against the M. abscessus S variant (Fig. 3; Fig. S3; Table S3 for statistical 
evaluation). In lungs (Fig. 3), treatment with AMX alone did not reduce the bacterial load 

FIG 2 Bacterial persistence of M. abscessus CIP 104536T smooth variant in the lungs of C3HeB/FeJ mice after i.v. infection ((9.4 × 107 CFU/mouse) and treated 

with imipenem (IPM), avibactam (AVI), or the imipenem-avibactam combination (IPM-AVI). Bacterial persistence of M. abscessus CIP 104536T (smooth variant) in 

the lungs of C3HeB/FeJ mice after infection in the tail vein with 9.4 × 107 CFU/mouse in a total volume of 200 µL of water containing 0.9% sodium chloride. The 

following day (before treatment started), four mice were euthanized, and whole organs were harvested to determine baseline bacterial burden. CFUs in mice 

lungs were determined as described in previous Fig. 1. Antibiotic treatment began at 3 days post-infection (dpi). Mice were treated starting on day 3 for 6 days 

(D11) or 13 days (D18) by twice daily subcutaneous injections of IPM, AVI, or IPM-AVI with the same dosage (100 mg/kg) as in Fig. 1. A control group received 

twice daily subcutaneous injections of saline. Mice were euthanized 3 days after antibiotic cessation to allow antibiotic clearance. Experimental groups of mice 

were evaluated for bacterial burden on days 11 and 18 as described above for day 1. Mice (n = 5) were used per experiment, and bacterial load in each group is

expressed as log10 units of CFU (±SD) cells at 1, 11, and 18 dpi. Differences between means were analyzed by two-way ANOVA and the Tukey post-test, allowing 

multiple comparisons. n.s. = non-significant, *P < 0.05, **P < 0.01, ***P < 0.001. Experiment was realized twice.
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compared to untreated mice. AMX-AVI led to significant reductions in the CFU counts 
only at 11 dpi (Fig. 3). IPM-AVI was more effective than AMX-AVI only at 18 dpi (Fig. 3). 
The AMX-IPM-AVI triple combination was more effective than IPM-AVI in reducing CFU 
counts both at 11 and 18 dpi.

In the kidneys, AMX-AVI led to significant reductions in the CFU counts (Fig. S3C) 
at both at 11 and 18 dpi. IPM was more effective than AMX-AVI (Fig. S3C) both at 11 
and 18 dpi. IPM-AVI was more effective than AMX-AVI at 11 and 18 dpi (Fig. S3C). The 
AMX-IPM-AVI triple combination was more effective than IPM-AVI in reducing CFU both 
at 11 and 18 dpi. AMX-IPM-AVI and IPM-AVI were similarly effective in the liver (Fig. S3A) 
and spleen (Fig. S3B).

In conclusion, the IPM-AVI combination was effective in reducing bacterial load in 
lungs, livers, spleens, and kidneys of mice infected with the R (Fig. 1; Fig. S1) and S (Fig. 
2; Fig. S2) variants of M. abscessus. This combination was also effective in preventing
the formation of abscesses in the kidneys (Fig. S1D and S2D). Since the IPM-AVI effect 
seems to increase at later dpi, this reinforces the importance of timely AVI addition to 
protect IPM against hydrolysis (17). Addition of AMX improved the efficacy of IPM-AVI 
against the S variant in lungs, which is the target organ for the treatment of infections 
due to M. abscessus (Fig. 3). At 18 dpi, IPM and IPM-AVI successfully sterilized lungs 
and kidneys of most animals infected with the R variant. Accordingly, the benefit of the 
addition of AMX to the IPM-AVI combination against the R variant could not be tested in 
the mouse model. Another limitation concerns the dosing of the drug regimen and the 
difference in the pharmacokinetic parameters of the drugs in humans and mice. Indeed, 
if IPM serum levels achieved in mice at the dose of 100 mg/kg were similar to those 
obtained in humans (28), the half-life of IPM is shorter in mice than in humans. Since the 
antibacterial activity of IPM depends mainly on time over the MIC, the activity observed 

FIG 3 Bacterial persistence of M. abscessus CIP 104536T smooth variant in the lungs of C3HeB/FeJ mice after i.v. infection (9.4 × 107 CFU/mouse) and treated 

with amoxicillin (AMX), the amoxicillin-avibactam combination (AMX-AVI), imipenem (IPM), avibactam (AVI), the combination imipenem-avibactam (IPM-AVI), 

or the triple amoxicillin-imipenem-avibactam combination (AMX-IPM-AVI). Bacterial persistence of M. abscessus CIP 104536T (smooth variant) in the lungs of 

C3HeB/FeJ mice after infection in the tail vein with 9.7 × 107 CFU/mouse in a total volume of 200 µL of water containing 0.9% sodium chloride. The following day 

(before treatment started), three mice were euthanized, and lungs were harvested to determine baseline bacterial burden. CFUs in the lungs were determined as 

described in previous figures. Antibiotic treatment began at 3 days post-infection (dpi). Mice were treated starting on day 3 for 6 days (D11) or 13 days (D18) by 

twice daily subcutaneous injections of 100 mg/kg of AMX, IPM, or AVI in saline solution as described in previous Fig. 1 and 2 or of 100 mg/kg of each compound 

when double or triple combination treatments were performed, also twice daily. All antibiotics were delivered by subcutaneous administration. A control group 

received twice daily subcutaneous injections of saline. Mice were euthanized 3 days after antibiotic cessation to allow antibiotic clearance. Experimental groups 

of mice were evaluated for bacterial burden on days 11 and 18 as described above for day 1. n = 5 mice were used per experiment, and bacterial load in each 

group is expressed as log10 units of CFU (±SD) cells at 1, 11, and 18 dpi. Differences between means were analyzed by two-way ANOVA and the Tukey post-test, 

allowing multiple comparisons. n.s. = non-significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Experiment was realized once.
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in this model is probably less than what can be achieved in humans at the recommended 
dose. Moreover, in humans, IPM is administered three times a day, whereas in this model,
they were administered twice daily for practical reasons.

Our data indicate that triple combinations comprising IPM, AMX, and AVI are more 
effective than IPM combined with AVI in reducing the number of CFUs in the lungs 
of mice infected by M. abscessus (Fig. 3). Thus, the combination of available i.v. imipe­
nem-DBO formulations with i.v. or per os amoxicillin should be considered by clinicians. 
The efficacy of this treatment should be evaluated based on the reporting of patient 
outcomes.

ACKNOWLEDGMENTS

This work was supported by Vaincre la Mucoviscidose and l’Association Grégory 
Lemarchal (RF20220503036 to J.-L.M).

AUTHOR AFFILIATIONS

1Université Paris-Saclay, UVSQ, INSERM, Infection et Inflammation, Montigny-le-Breton­
neux, France
2INSERM ERL 1336, UMRS 8228, Sorbonne Université-ENS-PSL-CNRS, Paris, France
3Assistance Publique-Hôpitaux de Paris, Centre-Université de Paris, Université Paris Cité, 
Service de Microbiologie, Hôpital Européen Georges Pompidou, Paris, France
4Assistance Publique-Hôpitaux de Paris, GHU Paris-Saclay, Service de Microbiologie, 
Hôpital Raymond Poincaré, Garches, France

AUTHOR ORCIDs

Vincent Le Moigne  http://orcid.org/0000-0003-2012-1750
Michel Arthur  http://orcid.org/0000-0003-1007-636X
Jean-Luc Mainardi  http://orcid.org/0000-0002-4159-0129
Jean-Louis Herrmann  http://orcid.org/0000-0003-2347-6418

FUNDING

Funder Grant(s) Author(s)

Association Vaincre la Mucoviscidose RF20220503036 Jean-Luc Mainardi

Association Gregory Lemarchal RF20220503036 Jean-Luc Mainardi

AUTHOR CONTRIBUTIONS

Vincent Le Moigne, Data curation, Investigation, Methodology, Validation, Writing – 
original draft, Writing – review and editing | Maria Bitar, Investigation, Methodology | 
Michel Arthur, Conceptualization, Data curation, Methodology, Project administration, 
Supervision, Writing – review and editing | Jean-Luc Mainardi, Conceptualization, Data 
curation, Formal analysis, Funding acquisition, Methodology, Project administration, 
Supervision, Validation, Visualization, Writing – original draft, Writing – review and 
editing | Jean-Louis Herrmann, Validation, Writing – original draft, Writing – review and 
editing

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Supplemental material (AAC00534-25-s0001.pdf). Fig. S1 to S3; Tables S1 to S3.

Short Form Antimicrobial Agents and Chemotherapy

August 2025  Volume 69  Issue 8 10.1128/aac.00534-25 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
13

 M
ar

ch
 2

02
6 

by
 1

93
.4

8.
96

.1
80

.

http://orcid.org/0000-0003-2012-1750
http://orcid.org/0000-0003-1007-636X
http://orcid.org/0000-0002-4159-0129
http://orcid.org/0000-0003-2347-6418
http://dx.doi.org/10.13039/501100006342
https://doi.org/10.1128/aac.00534-25
https://doi.org/10.1128/aac.00534-25


REFERENCES

1. Zweijpfenning SMH, Ingen J van, Hoefsloot W. 2018. Geographic 
distribution of nontuberculous mycobacteriaisolated from clinical 
specimens: a systematic review. Semin Respir Crit Care Med 39:336–342. 
https://doi.org/10.1055/s-0038-1660864

2. Dahl VN, Mølhave M, Fløe A, van Ingen J, Schön T, Lillebaek T, Andersen 
AB, Wejse C. 2022. Global trends of pulmonary infections with 
nontuberculous mycobacteria: a systematic review. Int J Infect Dis 
125:120–131. https://doi.org/10.1016/j.ijid.2022.10.013

3. Bernut A, Viljoen A, Dupont C, Sapriel G, Blaise M, Bouchier C, Brosch R, 
de Chastellier C, Herrmann J-L, Kremer L. 2016. Insights into the smooth-
to-rough transitioning in Mycobacterium bolletii unravels a functional Tyr 
residue conserved in all mycobacterial MmpL family members. Mol 
Microbiol 99:866–883. https://doi.org/10.1111/mmi.13283

4. Floto RA, Olivier KN, Saiman L, Daley CL, Herrmann J-L, Nick JA, Noone 
PG, Bilton D, Corris P, Gibson RL, Hempstead SE, Koetz K, Sabadosa KA, 
Sermet-Gaudelus I, Smyth AR, van Ingen J, Wallace RJ, Winthrop KL, 
Marshall BC, Haworth CS, US Cystic Fibrosis Foundation and European 
Cystic Fibrosis Society. 2016. US Cystic Fibrosis Foundation and 
European Cystic Fibrosis Society consensus recommendations for the 
management of non-tuberculous mycobacteria in individuals with cystic 
fibrosis. Thorax 71 Suppl 1:i1–i22. https://doi.org/10.1136/thoraxjnl-2015
-207360

5. Soroka D, Dubée V, Soulier-Escrihuela O, Cuinet G, Hugonnet JE, 
Gutmann L, Mainardi JL, Arthur M. 2014. Characterization of broad-
spectrum Mycobacterium abscessus class A β-lactamase. J Antimicrob 
Chemother 69:691–696. https://doi.org/10.1093/jac/dkt410

6. Soroka D, Ourghanlian C, Compain F, Fichini M, Dubée V, Mainardi JL, 
Hugonnet JE, Arthur M. 2017. Inhibition of β-lactamases of mycobacteria 
by avibactam and clavulanate. J Antimicrob Chemother 72:1081–1088. h
ttps://doi.org/10.1093/jac/dkw546

7. Andersson V, Fröberg G, Dahl VN, Chryssanthou E, Giske C, Schön T, 
Forsman LD. 2023. The in vitro activity of carbapenems alone and in 
combination with β-lactamase inhibitors against difficult-to-treat 
mycobacteria; Mycobacterium tuberculosis, Mycobacterium abscessus, and 
Mycobacterium avium complex: a systematic review. Int J Mycobacteriol 
12:211–225. https://doi.org/10.4103/ijmy.ijmy_131_23

8. Pozuelo Torres M, van Ingen J. 2024. Dual β-lactam therapy to improve 
treatment outcome in Mycobacterium abscessus disease. Clin Microbiol 
Infect 30:738–742. https://doi.org/10.1016/j.cmi.2024.03.019

9. Lefebvre AL, Le Moigne V, Bernut A, Veckerlé C, Compain F, Herrmann JL, 
Kremer L, Arthur M, Mainardi JL. 2017. Inhibition of the β-lactamase 
BlaMab by avibactam improves the in vitro and in vivo efficacy of 
imipenem against Mycobacterium abscessus. Antimicrob Agents 
Chemother 61:e02440-16. https://doi.org/10.1128/AAC.02440-16

10. Kaushik A, Gupta C, Fisher S, Story-Roller E, Galanis C, Parrish N, 
Lamichhane G. 2017. Combinations of avibactam and carbapenems 
exhibit enhanced potencies against drug-resistant Mycobacterium 
abscessus. Future Microbiol 12:473–480. https://doi.org/10.2217/fmb-20
16-0234

11. Le Run E, Arthur M, Mainardi JL. 2018. In vitro and intracellular activity of 
imipenem combined with rifabutin and avibactam against Mycobacte­
rium abscessus. Antimicrob Agents Chemother 62:e00623-18. https://doi.
org/10.1128/AAC.00623-18

12. Story-Roller E, Maggioncalda EC, Lamichhane G. 2019. Select β-lactam 
combinations exhibit synergy against Mycobacterium abscessus in vitro. 
Antimicrob Agents Chemother 63:e02613-18. https://doi.org/10.1128/A
AC.02613-18

13. Pandey R, Chen L, Manca C, Jenkins S, Glaser L, Vinnard C, Stone G, Lee J, 
Mathema B, Nuermberger EL, Bonomo RA, Kreiswirth BN. 2019. Dual β-
lactam combinations highly active against Mycobacterium abscessus 
complex in vitro. mBio 10:e02895-18. https://doi.org/10.1128/mBio.0289
5-18

14. Le Run E, Arthur M, Mainardi JL. 2019. In vitro and intracellular activity of 
imipenem combined with tedizolid, rifabutin, and avibactam against 
Mycobacterium abscessus Antimicrob Agents Chemother 63:e01915-18. 
https://doi.org/10.1128/AAC.01915-18

15. Le Run E, Atze H, Arthur M, Mainardi JL. 2020. Impact of relebactam-
mediated inhibition of Mycobacterium abscessus BlaMab β-lactamase on 
the in vitro and intracellular efficacy of imipenem. J Antimicrob 
Chemother 75:379–383. https://doi.org/10.1093/jac/dkz433

16. Dubée V, Bernut A, Cortes M, Lesne T, Dorchene D, Lefebvre AL, 
Hugonnet JE, Gutmann L, Mainardi JL, Herrmann JL, Gaillard JL, Kremer 
L, Arthur M. 2015. β-lactamase inhibition by avibactam in Mycobacte­
rium abscessus. J Antimicrob Chemother 70:1051–1058. https://doi.org/1
0.1093/jac/dku510

17. Le Run E, Tettelin H, Holland SM, Zelazny AM. 2024. Evolution toward 
extremely high imipenem resistance in Mycobacterium abscessus 
outbreak strains. Antimicrob Agents Chemother 68:e0067324. https://do
i.org/10.1128/aac.00673-24

18. Story-Roller E, Maggioncalda EC, Lamichhane G. 2019. Synergistic 
efficacy of β-lactam combinations against Mycobacterium abscessus 
pulmonary infection in mice. Antimicrob Agents Chemother 
63:e00614-19. https://doi.org/10.1128/AAC.00614-19

19. Negatu DA, González Del Río R, Cacho-Izquierdo M, Barros-Aguirre D, 
Lelievre J, Rullas J, Casado P, Ganapathy US, Zimmerman MD, 
Gengenbacher M, Dartois V, Dick T. 2023. Activity of oral tebipenem-
avibactam in a mouse model of Mycobacterium abscessus lung infection. 
Antimicrob Agents Chemother 67:e0145922. https://doi.org/10.1128/aa
c.01459-22

20. Dousa KM, Kurz SG, Taracila MA, Bonfield T, Bethel CR, Barnes MD, 
Selvaraju S, Abdelhamed AM, Kreiswirth BN, Boom WH, Kasperbauer SH, 
Daley CL, Bonomo RA. 2020. Insights into the L,D-transpeptidases and 
D,D-carboxypeptidase of Mycobacterium abscessus: ceftaroline, 
imipenem, and novel diazabicyclooctane inhibitors. Antimicrob Agents 
Chemother 64:e00098-20. https://doi.org/10.1128/AAC.00098-20

21. Lopeman RC, Harrison J, Rathbone DL, Desai M, Lambert PA, Cox JAG. 
2020. Effect of amoxicillin in combination with imipenem-relebactam 
against Mycobacterium abscessus. Sci Rep 10:928. https://doi.org/10.103
8/s41598-020-57844-8

22. Harrison J, Weaver JA, Desai M, Cox JAG. 2021. In vitro efficacy of 
relebactam versus avibactam against Mycobacterium abscessus complex. 
Cell Surf 7:100064. https://doi.org/10.1016/j.tcsw.2021.100064

23. Bitar M, Le Moigne V, Herrmann JL, Arthur M, Mainardi JL. 2025. In vitro, 
intracellular, and in vivo synergy between amoxicillin, imipenem, and 
relebactam against Mycobacterium abscessus. J Antimicrob Chemo­
ther:80:1560-1567. https://doi.org/10.1093/jac/dkaf101

24. Le Moigne V, Raynaud C, Moreau F, Dupont C, Nigou J, Neyrolles O, 
Kremer L, Herrmann JL. 2020. Efficacy of bedaquiline, alone or in 
combination with imipenem, against Mycobacterium abscessus in 
C3HeB/FeJ mice. Antimicrob Agents Chemother 64:e00114-20. https://d
oi.org/10.1128/AAC.00114-20

25. Dousa KM, Nguyen DC, Kurz SG, Taracila MA, Bethel CR, Schinabeck W, 
Kreiswirth BN, Brown ST, Boom WH, Hotchkiss RS, Remy KE, Jacono FJ, 
Daley CL, Holland SM, Miller AA, Bonomo RA. 2022. Inhibiting 
Mycobacterium abscessus cell wall synthesis: using a novel diazabicy­
clooctane β-Lactamase inhibitor to augment β-Lactam action. MBio 
13:e0352921. https://doi.org/10.1128/mbio.03529-21

26. Edoo Z, Iannazzo L, Compain F, Li de la Sierra Gallay I, van Tilbeurgh H, 
Fonvielle M, Bouchet F, Le Run E, Mainardi J-L, Arthur M, Ethève-
Quelquejeu M, Hugonnet J-E. 2018. Synthesis of avibactam derivatives 
and activity on β-lactamases and peptidoglycan enzymes of mycobacte­
ria. Chemistry 24:8081–8086. https://doi.org/10.1002/chem.201800923

27. Catherinot E, Clarissou J, Etienne G, Ripoll F, Emile JF, Daffé M, Perronne 
C, Soudais C, Gaillard JL, Rottman M. 2007. Hypervirulence of a rough 
variant of the Mycobacterium abscessus type strain. Infect Immun 
75:1055–1058. https://doi.org/10.1128/IAI.00835-06

28. Stearne LET, Buijk SL, Mouton JW, Gyssens IC. 2002. Effect of a single 
percutaneous abscess drainage puncture and imipenem therapy, alone 
or in combination, in treatment of mixed-infection abscesses in mice. 
Antimicrob Agents Chemother 46:3712–3718. https://doi.org/10.1128/A
AC.46.12.3712-3718.2002

Short Form Antimicrobial Agents and Chemotherapy

August 2025  Volume 69  Issue 8 10.1128/aac.00534-25 6

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
13

 M
ar

ch
 2

02
6 

by
 1

93
.4

8.
96

.1
80

.

https://doi.org/10.1055/s-0038-1660864
https://doi.org/10.1016/j.ijid.2022.10.013
https://doi.org/10.1111/mmi.13283
https://doi.org/10.1136/thoraxjnl-2015-207360
https://doi.org/10.1093/jac/dkt410
https://doi.org/10.1093/jac/dkw546
https://doi.org/10.4103/ijmy.ijmy_131_23
https://doi.org/10.1016/j.cmi.2024.03.019
https://doi.org/10.1128/AAC.02440-16
https://doi.org/10.2217/fmb-2016-0234
https://doi.org/10.1128/AAC.00623-18
https://doi.org/10.1128/AAC.02613-18
https://doi.org/10.1128/mBio.02895-18
https://doi.org/10.1128/AAC.01915-18
https://doi.org/10.1093/jac/dkz433
https://doi.org/10.1093/jac/dku510
https://doi.org/10.1128/aac.00673-24
https://doi.org/10.1128/AAC.00614-19
https://doi.org/10.1128/aac.01459-22
https://doi.org/10.1128/AAC.00098-20
https://doi.org/10.1038/s41598-020-57844-8
https://doi.org/10.1016/j.tcsw.2021.100064
https://doi.org/10.1093/jac/dkaf101
https://doi.org/10.1128/AAC.00114-20
https://doi.org/10.1128/mbio.03529-21
https://doi.org/10.1002/chem.201800923
https://doi.org/10.1128/IAI.00835-06
https://doi.org/10.1128/AAC.46.12.3712-3718.2002
https://doi.org/10.1128/aac.00534-25

	The addition of amoxicillin improves the efficacy of the imipenem-avibactam combination against Mycobacterium abscessus in a mouse model of infection

