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Objectives: In order to elaborate a new national challenge panel of resistant Gram-negative bacilli and
Gram-positive cocci strains for the validation of routine antimicrobial susceptibility testing (AST) meth-
ods, an interlaboratory evaluation was organised.
Methods: The results of 12 well-characterised multidrug-resistant strains tested by nine laboratories using
local disk diffusion (DD) and automated AST (AUST) methods were compared with the reference broth
microdilution method.
Results: Overall categorical agreement ranged from 70% to 100% both for DD and AUST and was >90%
for all but one strain for all antibiotics.
Conclusion: Our multicentre AST study showed good reproducibility and the panel can be used as na-
tional resistant reference strains for routine AST validation.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

cific resistance mechanisms to challenge AST methods additional
to the recommended ATCC susceptible strains are often lacking.

Reliable antimicrobial susceptibility testing (AST) results among
multidrug-resistant (MDR) Gram-negative bacilli (GNB) and Gram-
positive cocci (GPC) are critical to avoid the use of inactive an-
tibiotics and to define active drugs for the treatment of infec-
tions [1,2]. Appropriate quality control GNB/GPC strains with spe-
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In 2015, the Belgian National Antimicrobial Susceptibility Testing
Committee (NAC) initiated the development of a first national col-
lection of GNB/GPC strains that could serve as a validation panel
(NACP1) for new AST systems and for the implementation of Euro-
pean Committee on Antimicrobial Susceptibility Testing (EUCAST)
breakpoints [3]. However, some resistance determinants of rele-
vance were not covered. Here we aimed to elaborate a second na-
tional challenge panel (NACP2) of GNB/GPC strains including rel-
evant resistance traits not covered in NACP1, based on the agree-
ment results of a multicentre evaluation of routine AST methods.
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2. Materials and methods

Nine GNB and three GPC clinical strains were selected based
on their specific resistant determinants as previously characterised
by three national reference centres (NRCs) for MDR organisms
(Table 1). Strains were subcultured and were provided to nine pro-
ficient clinical microbiology laboratories selected based on their
geographical distribution, broad coverage of various routine AST
methods used, and their experience in performing AST studies (see
Acknowledgments section).

Isolates were tested by the nine laboratories in 2020 using their
routine AST methods including disk diffusion (DD) from three dif-
ferent disk manufacturers [Bio-Rad (Hercules, CA, USA) (n = 4),
Becton Dickinson (BD, Franklin Lakes, NJ, USA) (n = 2) and ROSCO
(Taastrup, Denmark) (n = 2)] and by two different automated
AST (AUST) systems, namely VITEK®2 (bioMérieux, Marcy-I'Etoile,
France) [n = 4: AST-N366 (n = 3), AST-N367 (n = 1), AST-N353
(n = 1), AST-P652 (n = 3), AST-P655 (n = 2) and AST-P650 (n = 1)]
and BD Phoenix Automated Microbiology System (BD) [n = 3:
NMIC-417 (n =2), NMIC408 (n = 1), NMIC-502 (n = 1), PMIC-
90 (n =2) and PMIC-96 (n =1)] according to each manufactur-
ers’ instructions following EUCAST methodology. Recorded raw re-
sults were interpreted according to the EUCAST 2021 clinical break-
points, except for tigecycline that was interpreted using pharma-
cokinetic/pharmacodynamic (PK/PD) breakpoints [4]. Reference re-
sults were obtained by broth microdilution (BMD) using Sensititre
(Thermo Fisher Scientific, Waltham, MA, USA) customised panels
(BEGN5A for GNB, B0101B for Staphylococcus aureus and BENRC2
for Enterococcus faecium) at the NRCs. Categorical agreement (CA;
agreement of category results), very major errors (VME; suscepti-
ble by the evaluated routine method and resistant by the reference
method), major errors (ME; resistant by evaluated routine method
and susceptible by the reference method) and minor errors (mE;
susceptible or resistant by the evaluated routine method versus in-
termediate by the reference method, or vice versa) rates comparing
the results of DD/AUST and the reference BMD were calculated [5].
We set 90.0% agreement as the threshold to accept/reject strains
[5].

3. Results

In total, 2117(1817 GNB and 300 GPC) organism-drug results
were obtained. The resistance rates per antibiotic tested against
GNB was between 44% and 100% and against GPC was between
33% and 100%. All results of agreement and error rates are detailed
in Tables 1 and 2.

Regarding GNB strains, all except Enterobacter cloacae NAC2-2
had CA ranging from 88.3% to 98.6%. Enterobacter cloacae NAC2-
2 yielded the lowest CA of 73.3% with a high number of ME for
amikacin and tigecycline, and of mE for aztreonam, meropenem
and ciprofloxacin/levofloxacin. Considering antibiotics individually,
the highest CA was observed for piperacillin/tazobactam and
extended-spectrum cephalosporins (<2% error rates). Fosfomycin
showed the highest unacceptable major discrepancy rates among
all antibiotics for DD/AUST methods with VME of 0/21% and ME of
13/6.4%, respectively. Meropenem showed the highest mE rate at
17.1/18.3% (DD/AUST). Aztreonam and ciprofloxacin also had high
mE at 8.2/13.5% (DD/AUST) and 8.6/10.4% (DD/AUST), but all ob-
served with strain E. cloacae NAC2-2.

Among the MDR-GPC strains, the CA for both methods was
>90%. For S. aureus NAC2-1, excellent agreement was observed for
all antibiotics tested except one VME for linezolid using ROSCO
tablet, one ME for rifampicin by VITEK®2 and eight mE discrep-
ancies for trimethoprim/sulfamethoxazole using DD methods. For
the two MDR E. faecium strains, one false-susceptible ampicillin
result was obtained by ROSCO tablet with strain NAC2-4 and one
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false-resistant tigecycline result was given by VITEK®2 with strain
NAC2-5 (Table 2).

4. Discussion

In 2016, a first study supported by the Belgian NAC developed
a EUCAST challenge panel for AST based on the susceptibility re-
sults of a collection of strains evaluated in 20 laboratories. The
pilot testing study resulted in a selection of 28 GPC and GNB
strains that can be used both for AUST and DD testing. Use of that
panel aimed to facilitate the implementation of new AST meth-
ods and the switch to EUCAST breakpoints in clinical laboratories
[3]. While this first panel covered a wide spectrum of suscepti-
bility profiles, several emerging resistance mechanisms were not
included [6,7]. Therefore, we compiled a second challenge panel
of 12 MDR strains reflecting resistance mechanisms among GNB
and GPC recently documented in Belgium, such as acquired col-
istin resistance (including a plasmid-mediated mcr-1-positive iso-
late), OXA-48 carbapenemase-producing Enterobacterales, OXA-23
carbapenemase-producing Acinetobacter baumannii, and linezolid
resistance (including a cfr-positive methicillin-resistant S. aureus
and optrA-positive vancomycin-resistant E. faecium) to test clinical
laboratory routine methods.

Our multicentric study in nine proficient clinical laboratories
showed reproducible routine AST results (CA > 90% for 10/12
strains) between laboratories and methods despite expected varia-
tion in inhibition zone reading by DD and difference in AUST sys-
tems and cards used.

Our data obtained from GNB susceptibility testing showed that
fosfomycin, tigecycline, meropenem and aztreonam were more
prone to discrepancies. For fosfomycin, we observed numerous dis-
crepant results that could not be considered as true errors since
we did not perform agar dilution as the reference method [8,9].
Therefore, the reliability of our challenge panel against fosfomycin
could not be certified based on our observations. When fosfomycin
was excluded from the analysis, the overall CA increased above the
90% acceptance cut-off for all strains except NAC2-2 (Table 1). High
ME observed for tigecycline by AUST could be in part explained by
the minimum inhibitory concentrations (MICs) that were close to
the EUCAST PK/PD breakpoints for three of these strains (NAC2-2,
NAC2-6 and NAC2-7). Interestingly, all tigecycline-resistant strains
were correctly identified. These data are in line with other stud-
ies showing the trends of AUST to overcall tigecycline resistance
especially in species other than Escherichia coli and we would
suggest to confirm AUST tigecycline-resistant results by BMD for
MDR-GNB strains [10,11]. As several GNB strains were included for
their resistance to carbapenems (Table 1), we observed discrepan-
cies for meropenem between AST methodsthat were mainly mE
(17.1/18.3% for DD/AUST), while VME remained low (1.4%) for both
routine methodologies. The disagreements were detected mostly
for strains showing low levels of meropenem resistance including
NAC2-2, NAC2-3, NAC2-9 and NAC2-6, an OXA-48 carbapenemase-
producing E. coli known to be frequently meropenem susceptible
[6]. The variability of meropenem AST results in MDR-GNB strains
was previously reported [12,13] and our data highly support veri-
fication of meropenem susceptibility by determination of the MIC
using BMD especially when it is considered as a therapeutic option
for infections by these MDR organisms. More specifically regarding
the DD method, we observed a higher number of errors for ROSCO
tablets compared with paper disks, mainly for meropenem (data
not shown), similar to another previous study [14]. Interestingly,
we did not observe any discrepancy for piperacillin/tazobactam,
ceftazidime and cefepime, which have been highlighted in previ-
ous studies [4,15-17]. For temocillin, the CA (>96%) was excel-
lent as the majority of tested strains were highly resistant. The
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Table 1
Characteristics and results (rates in %) of interlaboratory testing for the challenge panel NAP2.

Number Species Resistance mechanis ility | ca | car
pofte Temocillin Aztreonam Cefuroxime Ceftazidime Cefotaxime/. Cefepime Ertapenem Meropenem Amikacin i ¢ Fosfomycin
Temocillin Astreonam Cefuroxime Ceftazidime : "
Ceftriaxone cefepime Ertapenem Levofloxacin
et e v e ] RV HE WnE AT EA Ve WE VArE| T €A VA WE WInE[ AT cA VW Wi WnE| Ref G VAIE WE VArE| Ref €A VAFE WE W[ €A VAFE WE WArE| ef €A VAFE WE WArE| €A VAIE WE IRE[ Re_CA W e R CA Ve WiE Wi
NAC22 E.cloacae | VIM-L carbapenemase, CTx-M groups | 733|724 [ R 100 0 0 0 0 0 0 100 R 100 0 0 0|R 100 0 0 0|R 8 12 0 0|R 100 0 0 0|R 100 0 0 0|1 3 0 o e|s 25 0 75 0|R 8 17 o 0|1 25 0 0 7[R W0 0 0 o
[NACEs | anmumonze | contizm Twsmetner | 347|385 8 8 0 0 12 T I S
acrs .col s cartapenenase, it gyl 75| 8 100 0 0 o 100 0 o o110 0 0 ofs 1 0 o ofs 10 0 o 0|50 0 0 o|Riw o 0 ofs 5 o o 50|50 0 o ofRio o o ofRiw o 0 ofsw o o o
NAC2-7 | K. oneumonioe _|_KeC ss3fo07| R 88 0 0 12 00 0 0 0|R 100 0 0 0|R 1000 0 0|R 1000 0 0|R 1000 0 0|R 1000 0 0[R 100 0 0|R 100 0 0|S & 0 3 o100 0 ofs 0o 0 100 0
NOW-1 carbapenemase, CTX-M group
K. pneumonioe | 1, Plasmidic cephalosporinases OHA1 | 97.3( 986 R 200 0 0 0| R 100 0 ©o o|R 100 0 0 o|R 100 0 0 0|R 10 0 0 O|R 10 0 0 0[R 00 0 0 0|R 10 0 O O[R 100 0 0O O|R .00 0 O O|R 10 0 O O|R 00 0O ORI O 0 O
. and CMIY-2, 165 RNA methylase ArmA
NAC29 | K oneumonioe ines | oss| 977 R 100 0 o o|R” 100 0 o ofs 1000 0 oflR 100 0 0 0|R 1000 0 0|R W0 0 0 0|R 000 0 0|[R W00 0 Of[R 75 0 0 25|R 00 0 0 0|R W0 0 O O|R W00 0 O[R W O 0 O
NAC210 | K. oneumoniae oHa1 |937[95.2| 1 100 0 0 0| R 100 0 0 O|R 6 20 0 20{R 100 0 0 0|R 8 14 0 0|R 100 0 0 0[S 100 0 0 0|R € 40 0 0|5 100 0 0 0S5 W0 0 0 0S5 10 0 O O[R 8 14 0 O R W0 0 0 O
wacors | Abaumanni | O cmpenenme 16 o logy | & wn N N N[ R NN W NR| RN N N NR| R NRNRNR NR| R NR NR NG NG| R NRONR MR NG| R R NR NG N[ R N NG AR NR[R 100 0 0 0| R 20 0 0 o|R 0 0 o o|re o o o|x s 4 /
K. pneumoniae | NOM-1+ OXA-48 carbapenemase, SHV-| g0 | g5 | R 100 0 0 0 |R 100 0 O 0|R 200 0 0 O|R 200 0 0 O|R 100 0 O O0|R 100 0 O O|R 200 0 0 O|R 100 0 O O0|R 10 0 O O|R 200 0 0 O[R 10 0 O O|R 100 0 0 0|R 10 0 0 0
12 6SBL, 165 RNA methylase R
NAC2-12
Number Species Resistance mechanisms, suscepibility profile Piperaci Cefotaxime; G i
Temocil Piperacillin: Aztreonam Cefuroxime Ceftazidime 2 Cefepime Ertapenem Meropenem Amikaci Gentamicin . Fosfomycin gecycline Colistin
tazobactam Ceftriaxone Levofloxacin
et G VWE WE Wink ST CA_VME W vinE| .G VI WE WinE el GA VWIE WE Wine| el A VAIE WE Wnk[ el cA_ VW Ve W[ el A VAIE WE Ve[ e, GA VAVE WE W[ e GAVWE e W[ R CA VAIE WE W[ Ref_CAVWE e WinE| R CA e e WinE| e CAVEWEvinE| et G Ve W vinE| .G Vi WE e
A2 €. cloacae VM1 carbapenemase, CTX-M group 9 R 100 0 0 0|R 10 0 0 0|1 3 0 0 62]R 10 0 0 0 R 10 0 0 O R 10 0 0 O R 10 0 0O 0|R 10 0 0 0|1 25 0 0 75| 38 0 & 0|R 100 0 0 0|1 0 0 0 100 R 100 0 0 0|5 33 0 62 0|5 W0 0 0 0
NACZ:3 | K. oneumoniae XM group 1 tgecyclne- R 100 0 0 o|R 100 0 0 ofR 10 0 0 ofR 100 0 ofR 100 0 ofR 100 0 0fR 100 0 0|R 100 0 0Of[R 13 0 0 &[5 00 0 0 0|5 1000 0 0|R 00 0 0 0|R W00 0 0 0 R 100 0 0fS W0 0 0 0
s £ coli 0¥A48 carbapenemase, coistinR MCR-1 | R 100 0 0 O | R 100 0 0 0| 00 0 0 0|1 00 0 0 0[S 100 0 0 0[S 8 ©0 14 0[S 100 0 0 0|R 100 0 0 0[S 00 0 0 0[S 00 0 0 0|R 00 0 0 0 R W0 0 0o o|S W0 0 0 ofs s 0 12 0RO 0 O
NAC2-7 | K oneumoniae KPC:3 carbapenemase colstin R R 75 0 0 25/R 100 0 0 o|R 10 0 o ofR 10 0 0 o|R 1000 o ofR 100 0 0 0f[R 1000 0 o|R 1000 0 O[R 1.0 0 0 0|R .00 0 0|S 0 o 00 0|R 00 0 0 0|Ss 5 0 50 o|s 25 075 oflR W 0 0 0
NDM-1 carbapenemase, CTX-M group 1, Plasmidic
K. pneumonioe | ceshalosporinases DHA-L and CMY-2, 16SRNA | R 100 0 0 0 | R 100 0 0 0| R 100 0 0 0|R 100 0 0 0|R 10 0 0 0|R 10 0 0 0|R 10 0 0 0|R 10 0 0 R 8 12 0 0|R 8 12 0 0 R 10 0 0 O[R 00 0 0 O|R 0 5O 0 0|R 00 0 0 0|S W0 0 0 0
A methylase ArmA
NACZS | K. oneumoniae MP carbapenemase tigecycine- R 100 0 0 0" 100 0 0 ofs s 0 12 0 R 10 0 0 ofR 100 0 o R 100 0 0f[R 10 0 0 0|R 100 0 0[R 100 0 0|R 1000 0 0O|R 100 0 0 0|R 1000 0 0|R 17 8 0 0 R 10 0 0 0fS 7 0 2 0
NAC2-10 | K. pneumoniae | %5 0 0 1R 100 0 0 0 R 1000 0 0|R 100 0 O|R 1000 0 0O|R 000 0 0[S 1000 0 0|R E 17 0 0|5 00 0 0 0[S 00 0 0 0[S0 0 0 0 R W0 0 0 o|lR W 0O 0 O[5 85 0 18 0|5 00 0 0 o0
NACo11 | A baumannii | OXA23 carbapenemase, 165 ANA methiase ArmA | R NR NR NR NA| R NA NR NR NA| R NA NR NA NR| R N N NG NR| R NR NR NR KR| R NR NR NR NR| R KR NR NR NR| R NR NR NR NR| R 100 0 0 O |R 100 0 0 O[R 10 0 O O[R 100 0 O O|R NE NE N NR|R NR NRNR NR|S 88 0 12 0
NDM-1 OXA48 carbapenemase, SH-12 ESBL, 165
K. preumonize abepenemsse SVA2E9165 | ¢ 1o o o o | R 100 0 0 o | R 100 0 0 0| 10 0 o 0| 10 0 o 0|8 0 o o 0|8 10 o o oA 1 0 0 0| R 10 0 0 o R0 0 0 oK 10 0 o o|R 10 0 0 o|K & 3 o o|riw o o 0|k o o o0
NAC2-12 !
Resistance mechan i
Number Spacies rofle @ Gentamicin high | Ci ethoprim.
b Oxacillin Ampicillin Cefoitin Teicoplanin comycin Linezolid Clindamycin Tigecycline Gentamicin # oo rimethoprim. Fusidic acid Rifampicin
lose evofioxacin sufamethosazole
et G Ve WE vinE| et G Ve WE WinE| et CA VM WE inE| TG Ve WE WArE| el G VAFE WE Wink| el G VARE WE W[ el G VNIE WE WArE| Rl A VAE e W[ el A VAFE WE_ W[ e AVAIE WE W[ Rel_CA~ VW M WinE[ R CA VM M WinE| R, CA W WEVinE| R CAVNIE_WE WinE| e _CA_VME e vinE| et GA Ve WE vinE| et GA VNI E i
NAC2 T S aurens mech. G 515 [ R 100 0 0 O [NR NR NR NR NR| R 100 0 O 0| S NR NRNR NR| S NR NR NR NR| R 83 17 0 O ]S 100 0 0 O|R 88 12 0 0|5 100 0 0 O|R 100 0 0 O|NG NG KR NR NR| | 100 0 0 0| 100 0 0 O0|R 100 0 0 o[l O ©0 0 1005 8 0 17 0[5 100 0 0 0
NAC24 E. faecium Vans, Optri 986 |NR NR NR NR NR| R 8 14 0 O N NR NR NR NR| R 100 0 O O |R 100 0 0 O|R 100 0 O O |NRNR NR NR NR [N KR NR NR NR| S 100 O O O |R 100 0 O O|R 100 0 O O |N&NR NR NR NR|NR NR NR NR NR|NR NR NR NR NR|NR NR KR NR NR|NR NR NR NR NR|NR NR NR NR NR
NAC2S E.faecium vang 969 |NR N NA WA Na| R 8 14 0 0 |NR nR R NA NR| S 100 0 0 0| R 100 0 0 05 100 0 0 0 |NR W NA NR NR|NR NR NR NR NR| S 100 0 0 0| R 100 0 0 o|R 100 0 0 o |NANR NR NR NR|NR N NA NA NR|NR N NA NR NA|NR NR NR NR NA|NR NR NR NA NR|NR NA NR NR NA
Resistance mechanisms,susceptbity P Y g
Number Species @ Sentamicin b - -
rofile i . " % ' . " i . ientamicin high Ci " " . Trimethoprim- N
profl Cefoy Teicoplani Vancomyci ezolid Erythromy Clindamycin Genta - . acid
dose Levofloxacin
el G Vi WE vink| e G VN WE vinE| e CA VN WE Wink| el G VNI WE WAne| Ref. Gk VN WE Wine| i, GA VN WE Wink| el GAVNE WE Wink| .Gk VAE e Wine| e A VNIE WE W[ e A VAIE WE Wik| e CA~ WE e WinE[ Ref CA_WE e WinE| el CAEWEWinE| e CA VNI WE Wink| Ref. CAVME W vink| el CA Vi W vinE| . CA Vil WE i
NACZT S oureus mech, iR 915 [ R 100 0 0 O|NR NR NR NR NR| R 100 0 0 0|5 100 0 0 0[5 100 0 0 O|R 8 14 0 0|5 100 0 0 O|R 100 0 0 0[5 100 0 0 O|R N& NR NG NR|NA N KR N NR| | 100 0 0 0|R 100 0 0 0|R 100 0 0 0|1 8 0 0 1|5 10 0 0 05 8 o
NAC24 E. faecium Vand, Ot 966 | NR N NR NR NA|R 100 0 O O NR NR NR NR NR|R 100 0 O O [R 100 0 0 O|R 100 0 O O [N\ NR NR NR NR|NE NR NR NR NR| S 100 O O O|R NR NR NR NR| R NR NR NR NR|NR NR NR NR NR|NR NR NR NR NR[NR NR NR NR NR[NR NR KR NR NA[NR N NR NR NR[NR NR NR NR MR
NAC2-5 E_ faecium VanB_ 96.9 NR_NR NR NR NR| R 100 0 O O |NR NR NR NR NR|[S 100 O O OJR 200 0 O ©0|S 200 0 O O |NR NR NR NR NR|[NR NR NR NR NR| S 100 O O O |R NR NR NR NR|R NR NR NR NR|NR NR NR NR NR|NR NR NR NR NR|NR NR_NR NR NR |NR NR_NR NR NR [NR NR NR NR NR |NR NR NR NR NR
Sroth microdiution, BMD; Disk diffusion,00;  esal; . Jized R major error, VME; erro, ME; error, minE; et resistans, R sensitve, .

Abbreviations: categorical agreement,CA; CA*, categorical agreement excluding fosfomycin; Broth microdilution, BMD; Disk diffusion,DD; extended-spectrum b-lactamase, ESBL; susceptible increased exposure, I; not realized,NR;
percentage very major error, VME; percentage major error, ME; percentage minor error, minE; reference result by broth microdilution, Ref; resistant, R; sensitive, S.
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Table 2
Categorical susceptibility rates and discrepancies per antibiotic for the challenge panel NACP2
Group of strains Antibiotic BMD results DD method AUST method Overall
n % % %R n VME (%) ME (%) mE (%) CA(%) n VME (%) ME (%) mE (%) CA (%) CA (%)

Gram-negative bacilli ~ Temocillin 90 11 89 63 0 0 3.2 978 63 0 0 4.8 95.2 96.0
Piperacillin-tazobactam 90 0 100 62 0 0 0 100 63 0 0 0 100 100
Aztreonam 9 22 11 67 52 19 0 135 846 61 0 1.6 8.2 90.2 87.7
Ceftazidime 9 11 0 89 61 1.6 0 0 984 62 0 0 0 100 99.2
Cefotaxime/ceftriaxone 9 11 0 89 62 1.6 0 0 984 56 0 1.8 0 98.2 98.3
Cefepime 922 0 78 550 0 0 100 63 0 0 0 100 100
Ertapenem 90 O 100 40 5 0 0 95 46 2.2 0 0 97.8 96.5
Meropenem 9 22 11 67 70 14 0 17.1 815 70 14 0 183 80.3 80.9
Ciprofloxacin/levofloxacin 90 11 8 69 14 0 8.6 90 71 0 0 104 89.6 89.8
Amikacin 9 44 11 56 70 O 8.6 0 914 70 1.4 7.2 0 914 914
Gentamicin 9 33 0 67 54 18 3.7 0 945 69 0 11.1 0 89.9 91.3
Tigecycline 9 4 0 56 NR NR NR NR NR 62 0 207 0 79.3 79.3
Fosfomycin 922 0 78 230 13 0 87 48 213 6.4 0 72.3 77.1
Colistin 9 56 0 44 NR NR NR NR NR 65 0 4.6 0 95.7 95.4

Gram-positive cocci Oxacillin 1 100 0 0 3 0 0 0 100 7 0 0 0 100 100
Ampicillin 20 0 100 14 143 0 0 857 10 0 0 0 100 91.6
Cefoxitin 10 0 100 8 O 0 0 100 4 0 0 0 100 100
Teicoplanin 366 0 33 8 0 0 0 100 19 0 0 0 100 100
Vancomycin 33 0 66 12 0 0 0 100 24 0 4.2 0 95.8 97.2
Linezolid 333 0 66 17 56 0 0 944 18 53 0 0 94.7 97.3
Erythromycin 11000 0 7 0 0 0 100 7 0 0 0 100 100
Clindamycin 10 O 100 8 125 0 0 875 7 0 0 0 100 93.3
Tetracycline 10 O 100 5 0 0 0 100 6 0 0 0 100 100
Minocycline 11000 0 5 0 0 0 100 4 0 0 0 100 100
Tigecycline 31000 0 10 0 0 0 100 9 0 0 0 100 100
Gentamicin 30 0 100 9 0 0 0 100 0 0 0 0 100 100
Gentamicin high-dose 30 0 100 8 0 0 0 100 10 0 0 0 100 100
Ciprofloxacin/levofloxacin 10 100 0 7 0 0 0 100 4 0 0 0 100 100
Trimethoprim-sulfamethoxazole 1 0 100 0 8 0 0 100 0 7 0 0 143 85.7 40.0
Rifampicin 11000 0 5 0 0 0 100 7 0 14.3 0 85.7 91.7
Fusidic acid 11000 0 8 O 14.3 0 8.7 7 0 0 0 100 924

AUST, automated antibiotic susceptibility testing; CA, categorical agreement; BMD, broth microdilution; DD, disk diffusion; I, susceptible, increased exposure; NR, not
realised; VME, percentage very major error; ME, percentage major error; mE, percentage minor error; BMD, broth microdilution; R, resistant; S, susceptible.

two colistin-resistant strains (NAC2-6 and NAC2-7) were correctly
interpreted by all methods used. Strain NAC2-2 did not attain
the acceptance criterion (CA < 90%) and was not retained in the
final panel. This strain yielded a high number of discrepancies
for amikacin, tigecycline, meropenem, ciprofloxacin and aztreonam
(Table 1) potentially explained by the reference results within the
‘susceptible, increased exposure’ category for most of these antibi-
otics.

Our evaluation on GPC AST shows excellent CA between lab-
oratory/methods (>90%) for most antibiotics. False susceptibil-
ity (VME) to ampicillin of the two E. faecium strains was ob-
served only in one laboratory using ROSCO tablets for DD. Hence,
we suggest confirming ampicillin-susceptible results in E. faecium
strains by alternative methods [18]. For glycopeptides, no error
was detected, with both vancomycin-resistant E. faecium correctly
detected. While the optrA-positive linezolid-resistant E. faecium
NAC2-4 was correctly identified by all methods, linezolid resistance
in cfr-positive S. aureus NAC2-1 was missed by one laboratory us-
ing ROSCO tablets and another using BD Phoenix. We recommend
using other methods (Etest or BMD) to confirm linezolid resistance
[19,20]. For tigecycline, all three GPC strains were correctly cate-
gorised as susceptible.

Our study has limitations. First, the number of challenge strains
selected to be complementary to the previous 2016 panel was lim-
ited. However, the new panel focused on MDR strains covering a
large spectrum of emerging or prevalent resistance mechanisms
that could be more challenging for the routine AST methods used
by clinical laboratories. Also, a reproducibility study should be car-
ried out to challenge intralaboratory conditions. Finally, the obser-
vations of our study performed in nine clinical laboratories in Bel-
gium should be confirmed in a larger number of laboratories with
other settings.

5. Conclusions

Using a panel of MDR strains with a wide spectrum of emerg-
ing resistance determinants, our multicentre study showed that
routine DD and AUST methods are overall reliable for AST and
resistance detection. However, the exact determination of resis-
tance mechanisms still requires phenotypic and/or genotypic con-
firmatory tests. Discrepancies and variability of results for a few
antimicrobials (especially meropenem, aztreonam, tigecycline and
linezolid) raised concerns, thus we highly recommend confirma-
tion by the BMD method. In addition, the accuracy of AST for an-
tibiotics that can be used as rescue therapy for the treatment of
MDR strains such as tigecycline, fosfomycin and colistin need to be
improved, Finally, based on the global agreement between meth-
ods/laboratories (>90%) with exclusion of fosfomycin, all strains
but one (E. cloacae NAC2-2) could be used as reference resistant
strains in a national panel for validation of routine AST methods.
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