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Objective: For non-tuberculous mycobacteria (NTM), minimum inhibitory concentration (MIC) distri-
butions of wild-type isolates have not been systematically evaluated despite their importance for
establishing antimicrobial susceptibility testing (AST) breakpoints.
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Methods: We gathered MIC distributions for drugs used against the Mycobacterium avium complex
(MAC) and Mycobacterium abscessus (MAB) obtained by commercial broth microdilution (SLOMYCOI and
RAPMYCOI) from 12 laboratories. Epidemiological cut-off values (ECOFFs) and tentative ECOFFs (TEC-
OFFs) were determined by EUCAST methodology including quality control (QC) strains.
Results: The clarithromycin ECOFF was 16 mg/L for M. avium (n ¼ 1271) whereas TECOFFs were 8 mg/L
for M. intracellulare (n ¼ 415) and 1 mg/L for MAB (n ¼ 1014) confirmed by analysing MAB subspecies
without inducible macrolide resistance (n ¼ 235). For amikacin, the ECOFFs were 64 mg/L for MAC and
MAB. For moxifloxacin, the WT spanned >8 mg/L for both MAC and MAB. For linezolid, the ECOFF and
TECOFF were 64 mg/L for M. avium and M. intracellulare, respectively. Current CLSI breakpoints for
amikacin (16 mg/L), moxifloxacin (1 mg/L) and linezolid (8 mg/L) divided the corresponding WT dis-
tributions. For QC M. avium and M. peregrinum, �95% of MIC values were well within recommended QC
ranges.
Conclusion: As a first step towards clinical breakpoints for NTM, (T)ECOFFs were defined for several
antimicrobials against MAC and MAB. Broad wild-type MIC distributions indicate a need for further
method refinement which is now under development within the EUCAST subcommittee for anti-
mycobacterial drug susceptibility testing. In addition, we showed that several CLSI NTM breakpoints
are not consistent in relation to the (T)ECOFFs. Gabrielle Fr€oberg, Clin Microbiol Infect 2023;29:758
© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

Clinically relevant infections with non-tuberculous mycobac-
teria (NTM) such as the Mycobacterium avium complex (MAC) and
Mycobacterium abscessus (MAB) are increasing [1]. Current treat-
ment regimens are inefficient as illustrated by the treatment
duration of at least 12 months for pulmonary disease with cure
rates at 40-50% for MAB and 50-70% for MACwith amicrobiological
recurrence rate of 30% [2e5].

For MAC, a macrolide such as clarithromycin or preferably azi-
thromycin is the core drug, combined with a rifamycin and etham-
butol, the latter two mainly to prevent the development of
macrolide resistance [2,6]. MAB is notoriously difficult to treat [4].
Current guidelines recommend using at least 3 active drugs based on
antimicrobial susceptibility testing (AST), with an initial phase of
intravenous drugs like amikacin, imipenem and tigecycline com-
binedwith oral drugs like amacrolide and clofazimine, followed by a
continuation phase of 3 active oral or inhaled drugs [2].WithinMAB,
most isolates are harbouring a functional methyl transferase enco-
ded by the erm (41) gene, resulting in inducible macrolide resistance
observed after prolonged incubation to 14 days [7]. OnlyM. abscessus
subsp. massiliense and aminority ofM. abscessus subsp. abscessus lack
induciblemacrolide resistance [7,8]. The importance of macrolides is
strongly supported by systematic reviews reporting treatment suc-
cess rates in the range of 27-34% for M. abscessus subsp. abscessus,
and 54-57% for M. abscessus subsp. massiliense [4,9].

The role of AST in therapy guidance for MAC and MAB disease
has so far only been established for the macrolides and to some
extent, amikacin. For decades, it has generally been claimed that
AST for NTM is of limited use due to a poor correlation between
MICs and clinical outcome [10,11]. However, this more likely re-
flects the poor clinical efficacy of some of the available drugs used
in NTM treatment in combination with insufficient data on MIC
distributions, pharmacokinetic/pharmacodynamics (PK/PD) and
clinical outcome data [2,12e14].

The Clinical and Laboratory Standards Institute (CLSI) recom-
mends using broth microdilution (BMD) in cation adjusted Mueller
Hinton broth (CAMHB) for ASTof most NTM [10,11]. There is limited
data in support of the current CLSI breakpoints in terms of wild-
type (WT) MIC distributions, epidemiological cut-off values
(ECOFFs), PK/PD and clinical outcome [13,15]. So far, single labo-
ratory studies using commercial BMD plates, such as Sensititre
SLOMYCOI and RAPMYCOI (Thermo Fisher Scientific Inc., US) have
suggested putative ECOFFs representing the highest MIC value for
the phenotypic WT distribution [12,15]. However, to define ECOFFs,
valid WT distributions from at least five separate laboratories are
required according to European Committee of Antimicrobial Sus-
ceptibility Testing (EUCAST) to capture intra- and interlaboratory
technical variability [16]. Thus, the aim of this study was to define
EUCAST ECOFFs for drugs against MAC and MAB in a widely used
commercial BMD method as a first step towards EUCAST NTM
breakpoints.

Material and methods

In total 1686 MAC isolates (1271 M. avium, 415 M. intracellulare)
and 1014MAB isolates from 12 laboratories collected between 2010
and 2022 were included. Identification of species and inducible
macrolide resistance (MAB) was performed according to routine
procedures by each participating laboratory, which was by line
probe assays (GenoType Mycobacterium CM and NTM-DR, Hain
Lifescience, Germany) in the majority of cases. The SensititreTM

SLOMYCOI and RAPMYCOI assays were performed according to the
instructions for use [17] which are in turn based on CLSI protocol
M24-A2 [11]. Further details of culture, species determination and
BMD are described in the Supplementary file 1. Data are presented
as aggregated distributions based on all available MIC data from all
laboratories. For MAB and macrolides, data are also separated ac-
cording to subspecies with inducible macrolide resistance
(M. abscessus subsp. abscessus erm 28T (n ¼ 335) and M. abscessus
subsp. bolletii (n ¼ 114)) versus without inducible macrolide resis-
tance (M. abscessus subsp. abscessus erm 28C (n ¼ 52) and
M. abscessus subsp. massiliense (n ¼ 183)). ECOFFs were set based
on the EUCAST SOP 10.2 [16]. ECOFFs require at least five valid MIC
distributions, which are defined by strict EUCAST criteria including
at least 15 isolates per drug, a visible mode, a minimum of 100
isolates in the putative WT distribution and set using ECOFFinder
algorithm [18] combined with eye-balling [16]. Tentative ECOFFs
(TECOFFs) require at least three valid MIC distributions.

Results

Wild-type MIC distributions and (T)ECOFFs for MAC

Aggregated MIC-distributions for clarithromycin, rifampicin,
rifabutin, and ethambutol against MAC are presented in Fig. 1. For

http://creativecommons.org/licenses/by/4.0/
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Fig. 1. MIC distributions for clarithromycin, rifampicin, rifabutin and ethambutol for M. avium (A1-D1, black bars) and M. intracellulare (A2-D2; black bars) including all available
data. M. avium ATCC 700898 was included as a QC (A1-D1; grey bars). Arrows indicate ECOFFs/TECOFFs (black/grey) set on valid distributions and according to EUCAST criteria.
Dotted vertical lines indicate current CLSI breakpoints, which are presented in Table 1 together with EUCAST PK/PD breakpoints and recommended QC ranges.
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M. avium, clarithromycin ECOFF was 16 mg/L (range 0.06-16 mg/L),
one MIC dilution step higher than for M. intracellulare (TECOFF 8
mg/L; range 0.06-8 mg/L). The rifampicin WT distribution for both
species was broad, without a mode and truncated at the upper end
(>8 mg/L). For rifabutin, the WT distribution was instead truncated
at the lower end (�0.25 mg/L) and thus ECOFFs could not be
defined. In addition, the QC M. avium did not show an on-scale
result for 75% (230/307) of recorded MICs for rifabutin. Etham-
butol exhibited WT distributions expanding partly above the
highest MIC tested (>16 mg/L), but with distinct modes at 8 mg/L
Fig. 2. MIC distributions for amikacin, moxifloxacin, linezolid and trimethoprim-sulfametho
M. avium ATCC 700898 was included as a QC (E1-H1, grey bars). Arrows indicate ECOFFs/TE
lines indicate current CLSI breakpoints, which are together with EUCAST PK/PD breakpoint
for M. avium and 4 mg/L for M. intracellulare, suggesting a putative
WT distribution ending at 32 mg/L, while ECOFFs could not be
defined. For the QC M. avium, �99% of MIC values from four labo-
ratories were well within the QC ranges as recommended by the
manufacturer for clarithromycin, rifampicin and rifabutin (n¼ 307-
376, Fig. 1; A1-D1).

Aggregated MIC distributions of amikacin, moxifloxacin, line-
zolid and trimethoprim-sulfamethoxazole (TSU) against MAC are
presented in Fig. 2. Amikacin ECOFF was 64 mg/L (range �1 e 64
mg/L) for bothM. avium andM. intracellulare. Moxifloxacin showed
xazole (TSU) for M. avium (E1-H1, black bars) and M. intracellulare (E2-H2, black bars).
COFFs (black/grey) set on valid distributions and according to EUCAST criteria. Dotted
s and recommended QC ranges presented in Table 1.
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WT distributions expanding above the highest MIC tested (>8 mg/
L) for both species, but with a distinct mode at 2 e 4 mg/L, sug-
gesting a putative WT distribution ending at 16 mg/L, while ECOFFs
could not be defined. Linezolid ECOFF was 64 mg/L (range �1 e 64
mg/L) for M. avium and with the same TECOFF for M. intracellulare
(4 valid MIC distributions). For TSU, the TECOFF was 4 mg/L for
M. avium and 8 mg/L for M. intracellulare (4 valid distributions for
both species). For the QC M. avium, �95% of the MIC values from
four laboratories were well within the QC ranges as recommended
by the manufacturer for amikacin, moxifloxacin, linezolid and TSU
(n ¼ 155-377, Fig. 2; E1-H1).

Wild-type MIC distributions and (T)ECOFFs for MAB

Aggregated MIC distributions of clarithromycin, moxifloxacin,
linezolid, amikacin, imipenem and tigecycline against MAB are
presented in Fig. 3. For clarithromycin, there was a broad MIC dis-
tribution, with a truncation of the WT distribution at the lower end
Fig. 3. MIC distributions for clarithromycin, moxifloxacin, linezolid, amikacin, imipenem and
ATCC 700686 (A-F, grey bars). Arrows indicate ECOFFs/TECOFFs (black/grey) set on valid dis
breakpoints, which are presented together with EUCAST PK/PD breakpoints and recommen

Fig. 4. MIC distribution for clarithromycin of MAB read at day 3-5, divided into subspe
M. abscessus subsp. bolletii) (black bars) and without (M. abscessus subsp. abscessus erm 28C
without inducible macrolide resistance. Dotted vertical line indicates current CLSI breakpo
(range�0.06 - 1 mg/L) as well as at the higher end of the test range
(>16 mg/L). Setting an ECOFF was challenging for clarithromycin
even with 1014 MIC observations from 10 separate laboratories
(n ¼ 21-284 from each laboratory), but a TECOFF could be set at 1
mg/L (4 valid distributions). The distribution was also subdivided
according to subspecies with versus without inducible macrolide
resistance (Fig. 4). This analysis confirmed a WT distribution at
�0.06 - 1 mg/L with TECOFF at 1 mg/L (n ¼ 235 isolates from 10
laboratories) for isolates without inducible macrolide resistance. Of
note, a substantial number of isolates belonging to MAB subspecies
with inducible macrolide resistance (64%, 288/449) showed a MIC
below the currently suggested CLSI breakpoint (S � 2 mg/L) when
read at day 3-5, in particular for M. abscessus subsp. abscessus erm
28T. For the other drugs tested, there were no significant differ-
ences in MICs among MAB subspecies (Supplementary file 2).

For moxifloxacin, the WT distribution was truncated above the
highest concentration tested (>8 mg/L) without a mode. Linezolid
also showed a WT distribution expanding above the highest test
tigecycline for all isolates ofM. abscessus (MAB) (A-F, black bars) and QCM. peregrinum
tributions and according to EUCAST criteria. Dotted vertical lines indicate current CLSI
ded QC ranges in Table 1.

cies with inducible macrolide resistance (M abscessus subsp. abscessus erm 28T and
and M abscessus subsp. massiliense) (grey bars). The arrow indicates the TECOFF of MAB
ints.
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concentration (>32 mg/L), but with a distinct mode at 16 mg/L,
suggesting a putative WT distribution ending at 64 mg/L, while an
ECOFF could not be defined. For amikacin, the ECOFF was 64 mg/L
(range 2 e 64 mg/L). Imipenem showed a broad WT distribution of
�2 - 64 mg/L, but with a distinct mode at 16 mg/L and the ECOFF
could be set at 64 mg/L. The tigecycline ECOFF was 2 mg/L (range
0.03 e 2 mg/L). For the QCM. peregrinum, �99% of MIC values from
seven laboratories were well within the QC ranges as recom-
mended by the manufacturer and CLSI for clarithromycin, moxi-
floxacin, linezolid, amikacin and imipenem (n ¼ 336-340, Figs. 3
AeF). The majority of QC MICs for moxifloxacin and amikacin
were below the testing range (Fig. 3), but within the recommended
QC ranges which include truncations at the lower end for these
drugs.

Discussion

In this European multi-centre study of MIC distributions for
MAC and MAB, we could define (T)ECOFFs for several of the anti-
microbials included on the most widely adopted commercial BMD
panels. Overall, most MIC distributions were broad and spanned at
least five dilution steps. Thus, despite several hundred of MICs for
MAC and MAB deriving from at least five different laboratories,
ECOFFs for NTM were more challenging to define compared to
other pathogens. We used the latest EUCAST SOP for definition of
valid WT distributions and setting ECOFFs [16]. In several cases,
truncations of the WT distributions did not permit a definition of
(T)ECOFF, even though some antimicrobials such as ethambutol,
moxifloxacin (MAC) and linezolid (MAB) displayed distinct modes
suggesting putative ends of these distributions. These truncations
will unfortunately remain with the implementation of new ver-
sions of BMD plates, currently recommended for research use only
(SLOMYCO2 and RAPMYCO2). On the other hand, clofazimine is
included in both updated commercial plates, where future studies
for defining ECOFFs for this drug are warranted [2].

On-scale QC data are essential to assuring the reproducibility of
MICs and the validity of AST methods used in clinical routine. There
has been low essential and categorical agreement for MAB of 47-
76% for clarithromycin and amikacin [19,20] and the slow uptake of
standardized QC testing for mycobacteria was recently discussed
[21]. Considering MAB and other rapidly growing mycobacteria
(RGM), current guidelines recommend QC M. peregrinum ATCC
700686. However, recommended QC ranges are broad, usually
spanning over four MIC concentrations and without a lower
defined range for several drugs including the essential drugs clar-
ithromycin and amikacin [11]. As QC isolate for the most clinically
important RGMe an alternativewould be to useM. abscessus subsp.
abscessus ATCC 19977 (erm 28T) where QC ranges have also been
suggested for bedaquiline and omadacycline [20,22].

Our data support previous single laboratory studies of MIC de-
terminations which showed WT distributions in the same range as
in the present study [12,15,23,24]. However, the broad MIC distri-
butions indicate a need for refinement of both species identification
and methodology used for MIC determination for NTM. This is the
case in particular for the key drug clarithromycin, where MAB
subspecies identification is crucial regarding inducible resistance
and MIC testing is dependent on the pH [25]. Future development
of the EUCAST AMST reference method for NTM should take this
into account, but also include proper MIC ranges, standardized
preparation of the inoculum and a more thorough growth control
like in the EUCAST AMST reference method for M. tuberculosis [26].
An additional point for discussion is whether clarithromycin is the
most suitable macrolide representative, given that current treat-
ment guidelines specifically advocate the use of azithromycin [2]
and therapeutic drug monitoring including MIC determination for
azithromycin may help to predict and improve treatment outcome
although the stability of azithromycin during AST may need
consideration [27].

Of note, the clarithromycin TECOFF for M. intracellulare (8 mg/
L) was lower than the ECOFF for M. avium (16 mg/L), which has
been observed previously in single laboratory studies [12,23] with
MIC data in the same range as in our study. Another concern is
that the MIC distributions were in general broader for
M. intracellulare than M. avium. This could be due to the identifi-
cation methods used in this study, where current commercial line
probe assays such as Hain Genotype CM and NTM-DR can separate
M. avium from M. intracellulare and further M. intracellulare from
M. chimaera but are not able to separate all subspecies within
MAC. Thus, more rare species, such as M. marseillense, M. colom-
biense and M. arosiense are lumped together as M. intracellulare
and differences in between these species may be undefined
[28,29], even though it has been shown that MIC distributions of
closely related MAC species are comparable [12]. Even so, the
relevance of these differences in MIC distributions between
M. avium and M. intracellulare remains to be investigated but in-
dicates the importance of thorough species confirmation when
correlating the clinical outcome to MIC data.

We found that the CLSI breakpoints for amikacin (16 mg/L),
moxifloxacin (1 mg/L) and linezolid (8 mg/L) divided the corre-
sponding WT distributions. For both MAC and MAB, the WT dis-
tributions expanded well above these breakpoints, splitting theWT
distributions and causing substantial reproducibility concerns due
to the inherent technical variability of MIC testing of up to ± one
MIC dilution step. Consequently, the SIR-classification of “suscep-
tible, at standard dosing (S)”, “susceptible at increased exposure (I)”
and “resistant (R)” based on these breakpoints is dependent on
method variability rather than a prediction of the efficacy of the
drug. This is further substantiated by a very low categorical
agreement (54%) between laboratories in the SIR classification of
linezolid for MAB in quality assessment studies for NTM [19]. For
moxifloxacin and linezolid, clinical efficacy data for both MAC and
MAB in support of the current CLSI breakpoints (1 and 8 mg/L,
respectively) are very scarce [2,11]. Additionally, the CLSI break-
points for moxifloxacin and linezolid were both two MIC dilution
steps higher than the non-species related PK/PD breakpoints as
defined by EUCAST (0.25 and 2 mg/L, respectively). This is of
particular concern for linezolid because of the potential severe side
effects from long term use such as anemia and polyneuropathy. We
strongly suggest that current breakpoints for moxifloxacin and
linezolid against MAC and MAB should be removed until a repro-
ducible AST is in place supported by both PK/PD and clinical
outcome data (Table 1).

Our study has several limitations as previously indicated. First,
WT distributions for many drugs were broad indicating a need for
improvement of the method and species identification. Addi-
tionally, more MIC results could have facilitated the definition of
ECOFFs for some of the drugs. Second, the truncated testing range
for several drugs is not suitable for use along with the ECOFFinder
algorithm [18]. Third, it should be noted that even if ECOFFs are a
first step towards clinical breakpoints, there is still a need for PK/
PD targets and clinical outcome data. Fourth, potential MIC trail-
ing for drugs such as TSU and linezolid and technical challenges
such as antimicrobial instability as for imipenem needs further
study.

To conclude, we established MIC distributions and ECOFFs for
several first-line drugs used against MAC and MAB. A robust
reference method for NTM is now under development within the
EUCAST subcommittee for anti-mycobacterial drug susceptibility
testing (AMST) to facilitate the definition of ECOFFs and ensure
reproducibility for drugs used against NTM.



Table 1
Current CLSI breakpoints, EUCAST PK/PD breakpoints, ECOFFs, TECOFFs (within brackets), test concentrations for the SLOMYCO/RAPMYCO 1 þ 2 plates and recommended QC
MIC ranges. *by manufacturer, **by manufacturer and CLSI, NA; not applicable

G. Fr€oberg et al. / Clinical Microbiology and Infection 29 (2023) 758e764 763
Transparency declaration

None of the authors declared any COI affecting the results in this
study.

Funding

GF; Stockholm Region and Karolinska Institute clinical research
grant.

FPM; Mukoviszidose Institut gGmbH, Bonn, the German Cystic
Fibrosis Association Mukoviszidose e.V. TS; Swedish Heart and
Lung Foundation and the Swedish research council.

PK; Swiss Innovation Agency Innosuisse.

Authors' contributions

Conceptualization: GK, JvI and TS; Methodology: TS and GK;
Formal Analysis: GF, TS, GK, JT; Resources: All co-authors; Data
curation: GF, LF, GK; Writing e original draft: GF and TS; Writing e

review and editing: All co-authors; Visualization: GF and GK;
Project administration:TS.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2023.02.007.

References

[1] Dahl VN, Molhave M, Floe A, van Ingen PJ, Schon PT, Lillebaek PT, et al. Global
trends of pulmonary infections with nontuberculous mycobacteria: a sys-
tematic review. Int J Infect Dis 2022;125:120e31. https://doi.org/10.1016/
j.ijid.2022.10.013. Epub 2022 Oct 13.

[2] Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ, Andrejak C, et al.
Treatment of nontuberculous mycobacterial pulmonary disease: an official ATS/
ERS/ESCMID/IDSA clinical practice guideline. Clin Infect Dis 2020;71:905e13.
https://doi.org/10.1093/cid/ciaa1125.

[3] Diel R, Nienhaus A, Ringshausen FC, Richter E, Welte T, Rabe KF, et al.
Microbiologic outcome of interventions against Mycobacterium avium com-
plex pulmonary disease: a systematic review. Chest 2018;153:888e921.
https://doi.org/10.1016/j.chest.2018.01.024.

[4] Kwak N, Dalcolmo MP, Daley CL, Eather G, Gayoso R, Hasegawa N, et al.
M ycobacterium abscessus pulmonary disease: individual patient data meta-
analysis. Eur Respir J 2019;54. https://doi.org/10.1183/13993003.01991-2018.
[5] Kwak N, Park J, Kim E, Lee CH, Han SK, Yim JJ. Treatment outcomes of
Mycobacterium avium complex lung disease: a systematic review and meta-
analysis. Clin Infect Dis 2017;65:1077e84. https://doi.org/10.1093/cid/cix517.

[6] Griffith DE, Brown-Elliott BA, Langsjoen B, Zhang Y, Pan X, Girard W,
et al. Clinical and molecular analysis of macrolide resistance in Myco-
bacterium avium complex lung disease. Am J Respir Crit Care Med
2006;174:928e34. https://doi.org/10.1164/rccm.200603-450OC.

[7] Mougari F, Loiseau J, Veziris N, Bernard C, Bercot B, Sougakoff W, et al. Eval-
uation of the new GenoType NTM-DR kit for the molecular detection of
antimicrobial resistance in non-tuberculous mycobacteria. J Antimicrob Che-
mother 2017;72:1669e77. https://doi.org/10.1093/jac/dkx021.

[8] Bastian S, Veziris N, Roux AL, Brossier F, Gaillard JL, Jarlier V, et al. Assessment
of clarithromycin susceptibility in strains belonging to the Mycobacterium
abscessus group by erm(41) and rrl sequencing. Antimicrob Agents Chemo-
ther 2011;55:775e81. https://doi.org/10.1128/AAC.00861-10.

[9] Pasipanodya JG, Ogbonna D, Ferro BE, Magombedze G, Srivastava S,
Deshpande D, et al. Systematic review and meta-analyses of the effect of
chemotherapy on pulmonary Mycobacterium abscessus outcomes and disease
recurrence. Antimicrob Agents Chemother 2017;61. https://doi.org/10.1128/
AAC.01206-17.

[10] Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F, et al.
An official ATS/IDSA statement: diagnosis, treatment, and prevention of
nontuberculous mycobacterial diseases. Am J Respir Crit Care Med 2007;175:
367e416. https://doi.org/10.1164/rccm.200604-571ST.

[11] TCaLSI C. Susceptibility testing of mycobacteria, nocardia spp., and other
aerobic actinomycetes. 3rd ed. 2020, M24. https://doi.org/10.1016/j.cmi.2023.
02.007.

[12] Maurer FP, Pohle P, Kernbach M, Sievert D, Hillemann D, Rupp J, et al. Dif-
ferential drug susceptibility patterns of Mycobacterium chimaera and other
members of the Mycobacterium avium-intracellulare complex. Clin Microbiol
Infect 2019;25:379 e1ee7. https://doi.org/10.1016/j.cmi.2018.06.010.

[13] van Ingen J, Egelund EF, Levin A, Totten SE, Boeree MJ, Mouton JW, et al. The
pharmacokinetics and pharmacodynamics of pulmonary Mycobacterium
avium complex disease treatment. Am J Respir Crit Care Med 2012;186:
559e65. https://doi.org/10.1164/rccm.201204-0682OC.

[14] Kwon BS, Kim MN, Sung H, Koh Y, Kim WS, Song JW, et al. In Vitro MIC values
of rifampin and ethambutol and treatment outcome in Mycobacterium avium
complex lung disease. Antimicrob Agents Chemother 2018;62. https://doi.org/
10.1128/AAC.00491-18.

[15] Schon T, Chryssanthou E. Minimum inhibitory concentration distributions for
Mycobacterium avium complex-towards evidence-based susceptibility
breakpoints. Int J Infect Dis 2017;55:122e4. https://doi.org/10.1016/j.ijid.
2016.12.027.

[16] ECoAST E. SOP 10.2. MIC distributions and the setting of epidemiological cut-
off (ECOFF) values. 2021. https://doi.org/10.1016/j.cmi.2023.02.007.

[17] ITDSS T. Broth microdilution (BMD) method. For rapidly growing myco-
bacteria (RGM), slowly growing nontuberculosis mycobacteria, nocardia
and other aerobic actinomycetes. 2013. https://doi.org/10.1016/j.cmi.2023.
02.007.

[18] Turnidge J, Kahlmeter G, Kronvall G. Statistical characterisation of bacterial
wild-type MIC value distributions and the determination of epidemiological
cut-off values. Clin Microbiol Infect 2006;12:418e25. https://doi.org/10.1111/
j.1469-0691.2006.01377.x.

https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1016/j.ijid.2022.10.013
https://doi.org/10.1016/j.ijid.2022.10.013
https://doi.org/10.1093/cid/ciaa1125
https://doi.org/10.1016/j.chest.2018.01.024
https://doi.org/10.1183/13993003.01991-2018
https://doi.org/10.1093/cid/cix517
https://doi.org/10.1164/rccm.200603-450OC
https://doi.org/10.1093/jac/dkx021
https://doi.org/10.1128/AAC.00861-10
https://doi.org/10.1128/AAC.01206-17
https://doi.org/10.1128/AAC.01206-17
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1016/j.cmi.2018.06.010
https://doi.org/10.1164/rccm.201204-0682OC
https://doi.org/10.1128/AAC.00491-18
https://doi.org/10.1128/AAC.00491-18
https://doi.org/10.1016/j.ijid.2016.12.027
https://doi.org/10.1016/j.ijid.2016.12.027
https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1016/j.cmi.2023.02.007
https://doi.org/10.1111/j.1469-0691.2006.01377.x
https://doi.org/10.1111/j.1469-0691.2006.01377.x


G. Fr€oberg et al. / Clinical Microbiology and Infection 29 (2023) 758e764764
[19] Nikolayevskyy V, Maurer FP, Holicka Y, Taylor L, Liddy H, Kranzer K. Novel
external quality assurance scheme for drug susceptibility testing of non-
tuberculous mycobacteria: a multicentre pilot study. J Antimicrob Chemo-
ther 2019;74:1288e94. https://doi.org/10.1093/jac/dkz027.

[20] Brown-Elliott BA, Wallace Jr RJ. In Vitro susceptibility testing of omadacycline
against nontuberculous mycobacteria. Antimicrob Agents Chemother 2021;65.
https://doi.org/10.1128/AAC.01947-20.

[21] Schon T, Matuschek E, Mohamed S, Utukuri M, Heysell S, Alffenaar JW,
et al. Standards for MIC testing that apply to the majority of bacterial
pathogens should also be enforced for Mycobacterium tuberculosis com-
plex. Clin Microbiol Infect 2019;25:403e5. https://doi.org/10.1016/j.cmi.
2019.01.019.

[22] Brown-Elliott BA, Wallace Jr RJ. In Vitro susceptibility testing of bedaquiline
against Mycobacterium abscessus complex. Antimicrob Agents Chemother
2019;63. https://doi.org/10.1128/AAC.01919-18.

[23] Chew KL, Octavia S, Go J, Ng S, Tang YE, Soh P, et al. In vitro susceptibility of
Mycobacterium abscessus complex and feasibility of standardizing treatment
regimens. J Antimicrob Chemother 2021;76:973e8. https://doi.org/10.1093/
jac/dkaa520.

[24] Renvoise A, Bernard C, Veziris N, Galati E, Jarlier V, Robert J. Significant dif-
ference in drug susceptibility distribution between Mycobacterium avium and
Mycobacterium intracellulare. J Clin Microbiol 2014;52:4439e40. https://
doi.org/10.1128/JCM.02127-14.

[25] Heifets LB, Lindholm-Levy PJ, Comstock RD. Clarithromycin minimal inhibi-
tory and bactericidal concentrations against Mycobacterium avium. Am Rev
Respir Dis 1992;145:856e8. https://doi.org/10.1164/ajrccm/145.4_Pt_1.856.

[26] Schon T, Werngren J, Machado D, Borroni E, Wijkander M, Lina G, et al.
Antimicrobial susceptibility testing of Mycobacterium tuberculosis complex
isolates - the EUCAST broth microdilution reference method for MIC deter-
mination. Clin Microbiol Infect 2020;26:1488e92. https://doi.org/10.1016/
j.cmi.2020.07.036.

[27] Jeong BH, Jeon K, Park HY, Moon SM, Kim SY, Lee SY, et al. Peak plasma con-
centration of azithromycin and treatment responses in Mycobacterium avium
complex lung disease. Antimicrob Agents Chemother 2016;60:6076e83.
https://doi.org/10.1128/AAC.00770-16.

[28] Tortoli E. Microbiological features and clinical relevance of new species of the
genus Mycobacterium. Clin Microbiol Rev 2014;27:727e52. https://doi.org/
10.1128/CMR.00035-14.

[29] van Ingen J, Turenne CY, Tortoli E, Wallace Jr RJ, Brown-Elliott BA. A definition
of the Mycobacterium avium complex for taxonomical and clinical purposes, a
review. Int J Syst Evol Microbiol 2018;68:3666e77. https://doi.org/10.1099/
ijsem.0.003026.

https://doi.org/10.1093/jac/dkz027
https://doi.org/10.1128/AAC.01947-20
https://doi.org/10.1016/j.cmi.2019.01.019
https://doi.org/10.1016/j.cmi.2019.01.019
https://doi.org/10.1128/AAC.01919-18
https://doi.org/10.1093/jac/dkaa520
https://doi.org/10.1093/jac/dkaa520
https://doi.org/10.1128/JCM.02127-14
https://doi.org/10.1128/JCM.02127-14
https://doi.org/10.1164/ajrccm/145.4_Pt_1.856
https://doi.org/10.1016/j.cmi.2020.07.036
https://doi.org/10.1016/j.cmi.2020.07.036
https://doi.org/10.1128/AAC.00770-16
https://doi.org/10.1128/CMR.00035-14
https://doi.org/10.1128/CMR.00035-14
https://doi.org/10.1099/ijsem.0.003026
https://doi.org/10.1099/ijsem.0.003026

	Towards clinical breakpoints for non-tuberculous mycobacteria – Determination of epidemiological cut off values for the Myc ...
	Introduction
	Material and methods
	Results
	Wild-type MIC distributions and (T)ECOFFs for MAC
	Wild-type MIC distributions and (T)ECOFFs for MAB

	Discussion
	Transparency declaration
	Funding
	Authors' contributions
	Appendix A. Supplementary data
	References


