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Mpog: A/van Opyaveong & Adrovpyiag
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ErronTenouevey Gopiwy

O¢pa: « EAeyxog EUOIOGnOIGg otV KOAIOTIVN (no)\opuéivn E) ouucpoovo HE TiG Guomcmg
g Koivrig Opdadag Epyaoiag CLSI/EUCAST yia 1a ‘Opia todi o8noiag ornig NoAvpvdivegn

Aebouevng NG Evaping AETOLEY. rc EOvikNe Emrpormc AvriBioy oauuartog tou KelY,
0ag amooTEANNOLUE, CLVNUUEVA c'j'ro_nopév, 1) éyypapo tou Mpoédbpov NG EOVIKNG
Errporng  AvTBIOYPAppATog,  2)OXETIKO EowTnparoAoyio kabwg kal 3JHEAETR TTOL
snuootedke 010 CMI Ka agopa oty colistin {9 oeAibeg)

R mapakaioLpEe yia v diapipacr) Touc ‘o GAa Ta BlonmaBoAoyikG epyacmpia Twv

NoGoKougiwy Tou ELY & MANEMIEITHMIAKA g emKpareag.

EmmALOV, TIAPAKAAOLLE Yia TNV  avicTolxn Siapipaon toug ota  BiomaBoloyika
epyaompic  twy. . YTPATIQTIKON NOIOKOMEION  (apuobioinrag  YEOA), ora
NOIOKOMEIA «APETAIEION & «AINNHTEION [appobdiomrac Y Naibeiag) kabms kal ora

I51coTIKC BIOTTADOACYIKA Epyaainpia TG EMKOATEIAG

Ermonpaivovial ra akohovba:

1H &iapipaon ota Noookopeia kgp ora lbionka Epyaotpia Oa TTPETTEN va yivel apeoa &
va (PEPEN TOV XAPAKINEA ToL £§. ETEIyOVTOG.

2)To  CLUTTANPMHEVO  EPWTNHATOAOYIO  Va armooTéAAeTal oty nA. &/von
pkommala@m Q'T),-Q,Q_\LQ[

Mpoc¢ dlevkOALVOTN Cag, TA OUVNUUEVG EYYPAPA OAC ATTOCTEANETAl & O€ NAEKTPOVIKN)
popen oY NA. oag 6/von damy@moh.gov.gr

Ma v ExreAeotikn Emrponn tou KeXY
O Npoedpog

Kaénynrig 'K_cbdr-agi -B.'_Mépl(;oo
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YNOYPIEIO YIEIAZ
KENTPIKO YMBOYAIO YTEIAX
EONIKH ENITPOIMH
ANTIBIOTPAMMATOZ

Npog : ExteAeoTmikn Emirponi

: Tou Keg3Y
SEMA: « ‘EAeYX0G euGiGONGIGg oV KOAIGTIVI (MICAUHUEIVI E) OUHPWVE HE Tig
cuoTaceig TG Koivilg Opadag Epyaoiag CLSI/EUCAST yia 7a ‘Opi EUGioBnoiag orig

NoAuvpufiveg»

O 1poabloplopog e evatoBnolag otV KOAWOTiv anoteAel kpioyin napauetpo otn Bepaneia Twv
AOLWEEWY TNV XWPA HAC, TO00 Adyw Ttou UPNAOY EMUITOACOHOU TwY IIoAVaVBE Wy Bakinpdiwyv 0oo
KoL TNG yvwotrc Texvikng SuokoAiag mou mapovotdlel pe t péBobdo duixvong twv Slokwyv, TG Tavieg
SLaBaBLopé v SUYKEVIPWONG KAt T v topata svotpata. Doov adopd i ehevutaia n EUCAST bev
ta afloAdynoe ouotnpatikd, oA otédvoviag oteAéxn pe e MIC oto eupoc g pn evawbnoiag oe
ouVADEADOUE LV [OV KOOHO, Saniotwoe ) ouxv) epdavion efoupetikd kpiopwy opaipdiwy (Very
Major Errors). I’ qutd kat OUOTIVEL GTOUG XPHOTEG NEL-CU LORUTWY GUO LNHALWY ¥ ! HLEVEPYOUV UG TN PoUC
ECWTEPIKOUG EAEYXOUG MOLOTNTAC KAl Vit EAEYXOUV HE TOUG AV IO TOLXOUE KATOOK S0QoTKOU( DIKOU KaTa
OO0 HMOPOUV va eivat olyoupot duL np nuiavtopatn peBodog eAéyxou <t 1.00noiog bivel oword

QIOTEAECHLATA YLOL TNV KOALOTIVD.

AOYW QUTWY Twv TEXVIKWY SuokoAtwy to CLSI kat to EUCAST énjuovpynoav kot opada gpyaoiag yui ta
épta'euuloenoiaq ot MOAUUUEIVEG (j'O{l’.lE CLSI-EUCAST polymyxin breakpoints working group), nou
KatéAnée o€ OYeUKEG 00nyieq /ovotdoelg ylo tov  EAeyxo EvaoBnoiag KAWIKWY  OTEAEXWV
Enterobacteriaceae, P.aeruginosa kot Acinetobacter spp. otiv koAlotivn, ot onoieg elvat avnpTnpeveg
otV WwrooeAiba www.eucast.org aitd 1 22 Maptiov 2016 kat ot O1oieg npereL va akoAouBouvral oo

OAa T KAWVIKG epyaotrpla. Tig OUCTAOEL QUTES 0QS TG OTEAVOUNE OE petadpaan.

EMONpUaivoUpE OTL 0 EOWTEPIKOG EAEYXOG TTOLOTNTAG Yot TNV KOALoTiv TIPETEL /a Blevepyeital TaKTKd,
Xpnotponowwvtag éva euaiodnro rpotuno otéAexog (E. coli ATCC 25922 pe e0pos, MICs 0.25-2.0 mg/l kat
otoxo 0.5-1 mg/L 1y P. aeruginosa ATCC 27853 pe ebpog MICs 0.5-4.0 mg/L kat ctoxo 1-2 mg/l) xat 1o
KoAtotiv avBektiko E. coli NCTC 13846 (mcr-1 Betwo). N to teAeuTaio OTEAEXCG, 1 TUU) OTOXOG Yl TV
MIC otnv koAtotivn elvat 4 mg/L kat povo neplotaoctakd pnopei va eivar 2 13 8 mg/L (+ 1 apaiwon oe
oxéon pe v MIC otdxo). Méxpt ta epyaotripla va npopnbeutolv to NCTC 13846, propouv va
xpnowtonoovy to E. coli 4320 rou gotdAn artd to EARS-Net (Zent 2017) kat £xet MIC 4mg/L.

TENOC, 0ag EVNLEPWVOUE OTL IIPOG TO APOV otV EAANVIKI ayopd KuKAodopoUv 2 ipoilovia yla Tov
£Aeyxo ¢ MIC otnv koAwotivny pe tn HEB0SO TwV pikpoapatwoswy ot (WHo, to MICRONAUT MIC-Strip
(Merlin Diagnostika) kat to SensiTest (Liofilchem).

MAnpodopieg

e EuayyeAia Aeprneon, tnA 21320093?4 /2132009266



o FEuotaBla MNeptfoiuwrtn, tnd 2132043202
o Kuptakn Tpudvonotiou, tnA 2108921077, 78

FUOTAOELS KON opdbag epyaoiag CLSI-EUCAST yia ta opta

suoaoBnoiag otig MoAUVPUELVEG

O - npocbioplopoe g MIC oty koAiotivny  (roAuvuvgivn E) oyetiletatr ue Sadopa
peBobooyikd Bépata. H kown opdada epyacioag CLSI-EUCAST peAetnoe EKTEVWC [ JEUATA
QUTG KUt OUPGWYNOE Ta E6AC:

1. H péBodoc avadopag vy Enterobacteriaceae, Pseudomonas aeruginosa Kol
Acinetobacter spp eivat n nEB0d0¢ PIKPOUPALWOEWY GE {WHO, TIPOTUTIOMOLNLEVN
katd 1SO (20776-1). InpHEWOTE:

a. Xpnotporoteitat {wpog Mueller-Hinton cation-adjusted

B. Aev npénet va ntpootiBetal kapia ovota oe kavéva Pipa g Sadikaoiag
(1Blaitepa polysorbate-80 1} GAEG EMIAVELOOPATTIKEG OUGLEG)

v. Ot nAdkec Do MpEnel va £Val KaTQOKEVACHEVES QItd KaBapod MAAUTTUDEVIO

KO VL NV ITRONYEITaL TG XPHONG TOUG Kauia MEPATEPW ENEEEPYAOLT

b, Mpénel va  yprowporolouvtal  Betixa akata rmoAupugivin (1o
HeOVOTOUAGOVIKG RUPAywYo TNG KOALGTIVNG OEV TPEMEL VO XPNOLIGTOLET

kaBwe eivol £va avevepyc npo Gappako to onoto Slaonatal apyd os S-aAupa)

2. O éAeyxog evatoBnoiag e ai s peBodoug, onwg n peBodog apatwoewy Je ayagp,

n peBodog duaxuone Twy OKWV KAl n xpnon tawwy owPaBiopgvng

ouykévipwong tou  avifiukou  dev umopel  va  npotaBei, péxpr, OtOU
I

avaaikornBoiyv OAa Ta 1otopikd dedopgva 1 pokDoUY SEBONEVA QIO KCWDUPLES

pEAETEC. Ot peAgrec end twv peBodwyv autwy Bplokovial e eEEALN.

Ma vnv EBvikn enitponn AvTiBIoypapparog
O lMNposdpog
e

€L,
N bk

Ka®nynvrig AAIKOZ FrEQPrios



EONIKH ENITPOMH ANTIBIOTPAMMATOZ

EPQTHMATOAOTIIO EPTASTHPION BIOMAGOAOIIAL / MIKPOBIOAOTIKOY TMHMATOZ

MPOIAPMOrIH ZTIZ OAHTIEX EUCAST

A. STOIXEIA EPTASTHPIOY

NOZOKOMEIO

ITOIXEIA AIEYOYNTOY n YNEYOYNOY EPTAZT

HPIOY

ONOMA:

| THAEDQNO:

E-MAIL:

B. EAENXOX EYAIZOHZIIAZ ITA ANTIMIKPOBIAKA

Napakai :Jr]usubcts e
X ot epapiLolete
OTO EPYAUTAPLO

MEOOAOQZ AIZKQN/AIAXYZHE 2E ATAP :

NAI &
SR T TN 24
NPOIAIOPIZMOI MIC NAI e
oxI
TAINIES AIABAOMIZMENHS SYTKENTPQSHS | NAI Lt
i ox
| MEOOAOS APAIQSEQN SE ZOMO NAI . S
| FongEzOMe
MIEOOAOS APAIQIEQN SE ATAP NAI e =
DA02 DEAIRP 3 e e
'XPHIH ETOIMQN OPENTIKON YAIKON R e e e R
e i e e oxl PR E e
| XPH3H IN HOUSE @PENTIKON YAIKON I NAI e RS i ieha
N Sas T T N TR |
AYTOMATO SYITHMA : = St Rl e e
oxi
OAHTIES NOY EDAPMOZETE - T %
= T T T AT T s RS e e s
R L e e e C R
g 3  EUCAST | NAI e e
TR St ST P S,

EPWTNHATOASYIO HE

NapakaAw cupmAnpwote: (A) Ta ototxeia Tou epyactnpiou Kat
(B) Tic HEBASOUG TIOU XPNOLHOTIOLEITE Yla TOV EAEYAG TNG
sualoBnotac ota avtipikpoPlakd kat anoc el ate 1o
: pkon‘.mata_@mp}}.’gov;grr_d__
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Original article

Antimicrobial susceptibility testing of colistin — evaluation of : even
commercial MIC products against standard broth microdilutior for
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and
Acinetobacter spp.

‘E. Matuschek’, ]. Ahman, C. Webster, G. Kahlmeter

FUCAST Development Laboratory, Vaxjo, Sweden

A REE LG L B LENGE O ABSTRAECT

Article history: Objective: Both EUCAST and CLSI recommend broth microdilutior: (BVD) for antimicrobial susceptibility
Received 18 October 2017 testing of colistin, but BMD is rarely used in routine microbiology labor tos.es. The objective of this study
Received in revised form was to evaluate five commercially available BMD products and two o 1nds of gradient tests for colistin
28 Hovember 2017 MIC determination using BMD according to ISO standard 20776-1 a=  >ference.

Accepted 29 November 2017

; Methods: Colistin MIC determination was performed according to the 1 aaufacturer’s instructions on five
Available online xxx

commeraally available BMD products (Sensititre, MICRONAUT-S. MIC" JNAUT MIC-Stnp, SensiTest, and

Editor: F Allerberger UMIC; and two gradient tests {(Etest and MiC Test Strip). Colistir refer ace MiCs were determined using
R e e S e e frozen panels according to 1SO standard 20776-1. An international “o - >ction of Gram-negative hactena
Keywords (n=-75) with varying levels of calistin susceptibility was tested.

BMD Results. The colistin BMD praducts carrelated well with reference o < in particular for Sensititre and
Colistin the two MICRONAUT products {essential agreement >96%: 66/6% 96" (I 88-99%). 72{75 {S6%. Cl 88—
EUCAST 99%) and 74/75 (99%, C1 92— 100%)). The results were somewhat pcor ‘ot the BMD products SensiTest
Gradient tests and UMIC: EA 88% (51/58, C1 77-95%) and 82% (61/74, C1 72—89%), re <} ctively), and considerably poorer

1C determinat < = < . 5
Ml Caltenaton for the gradient tests (EA 43—71% depending on gradient test and M :ller-Hinton agar manufacturer).

The gradient tests generally underestimated colistin MICs, resul ~¢ ir a significant number of false

susceptible results (918 of total 75 tests, compared with 1--3 for *n- EMD products).

Conclusions: Based on the results of this study, we advise laborater ¢ not to trusi gradient tests for

colistin susceptibility testing and to use broth microdilution methods =« «is purpose. There are several

commercial broth microdilution tests available and in principle they | e-form well. E. Matuschek, Clin

Microbiol Infect 2017;=:1

2017 uropean Society of Clinical Microbiology and Infectious Dis > « 5. Published by Elsevier Lid. a3
rights reserved.

@

Introduction according to the ISO standarc =(’76-1 [} However, BMD of
colistin is associated with methodo:ogical issues. Colistin binds to

An accurate method for antimicrebial susceptibility testing the plastic of polystyrene trays anc aitempts have been made to
(AST) of colistin (polymyxin E) is crucial in an era of increasing prevent this by adding a surfactart, such as polysorbate-80, to the
mumbers of multi-resistant Gram-negative bacteria and simuita- test system {2.31. Recently, a joist C.SI-EUCAST working group
neous increasing colistin resistance. The reference methodology for investigated colistin BMD testing :nd decided that the recom-
AST is MIC determination with broth microdilution (BMD) mendations in the 1SO standarc si »id be adhered to and that

testing should be performed using t e sulphate salt of colistin and
standard polystyrene trays withcut ke addition of surfactants {4].
- - i - Y ) The working group showed that sur-actants did not improve assay
* Corresponding author. E. Matuschek, FUCAST Development Laboratory. cjo f d I - i 2n Hoctunith
Clinical Microbiology. Central Hospital, SE-351 85 Vaxjo, Sweden. PCI" O_TﬂldﬂCC al_l SHALTHErE TS, Sk 'a(.l' d. Synergistic estectwit
E-mail address: erika ma snaberg se (E. Matuschek). colistin (J. Turnidge, personal communication).

Q20

of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. Ali rights reserve

Please cite this article in press as: Matuschek E, et al., Antimicrobial susceptibility testing of colistin — evaluz ion of seven commercial MIC
products against standard broth microdilution for Escherichia coli, Klebsiella pneumoniae, Pseudomonas aerugirosa, and Acinetobacter spp.,
Clinical Microbiology and Infection (2017). https://doi.org/10.1016/j.cmi.2017.11.020
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Clinical microbiology laboratories only rarely perform reference
broth microdilution, which requires freshly prepared or frozen
antibiotic solutions. However, a number-of more user-friendly
commercial products for colistin BMD have recently become
available. Methods widely used for AST at clinical laboratories are
gradient tests, disk diffusion, and semi-automated devices. For
many years, both CLSI and EUCAST have advised against the use of
disk diffusion testing for colistin AST. Gradient tests and semi-
automated AST devices have been extensively used at clinical lab-
oratories, despite the problems reported with colistin AST on these
systems |{5,6].

The objective of this study was to evaluate five commercially
available BMD products and the two available gradient tests for
colistin MIC determination using frozen BMD panel MICs as refer-
ence. It was beyond the scope of the present investigation to
evaluate semi-automated AST devices.

Materials and methods

Antimicrobial susceptibility testing was performed on an in-
ternational collection of Gram-negative bacteria (n=75): Escher-
ichia coli (n=14), Klebsiella pneumoniae (n=18), Pseudomonas
aeruginosa (n=21), and Acinetobacter spp. (n=22, of which 16 were
Acinetobacter baumanii) with varying levels of colistin susceptibil-
ity, kindly provided by Paul Rhomberg, JMI Laboratories, USA
(isolates from the worldwide SENTRY surveillance program); Soren
Gatermann, Bochum, Germany; Rene Henriksen, Copenhagen,
Denmark; @rjan Samuelsen, Tromse, Norway; Jordi Vila, Barcelona,
Spain; and Luis Martinez-Martinez, Santander, Spain.

The isolates were identified to species level using the Microflex
system with the MALDI Biotyper 3.1 software (Bruker Daltonics)
and the MBT database-5627 according to the manufacturer's in-
structions. Colistin reference MICs were determined in accordance
with the 1SO standard 20776-1 | 1] and CLSI/EUCAST recommen-
dations (4! on frozen BMD panels (Thermo Fisher Scientific,
Cleveland, O USA) with two-fold dilutions from 128 to 0.125 mg/
L. MIC determination for calistin was performed according to the
manufacturer <" instructions for seven commercially available MIC
products. Five were BMD products with freeze-dried antibiotics:
SEMPA1 (custom Sensititre plate, Thermo Fisher Scientific, East
Grinstead, UK), MICRONAUT-S and MICRONAUT MIC-Strip (MERLIN
Diagnostika Gmbh, Bornheim, Germany), SensiTest (Liofilchem,
Roseto degli Abruzzi, Italy) and UMIC (Biocentric, Bandol, France).
The Sensititre plate is designed to test one isolate against several
antimicrohal agents including colistin, whereas the other products
are for testing colistin only. The MICRONAUT-S is a 96-well panel
for eight isolates, the SensiTest consists of a smalle »inel for four
isolates and the MICRONAUT MIC-Strip and UMIC 2 1ele-isolate
tests consisting of a piastic device with 12 welils. Apped wells
were observed when reading the BMD panels, th> isolates were
retested. The two gradient test brands available at the time of the
study, Etest (bioMérieux, Marcy I'Etoile, France) and MIC Test Strip
(MTS, Liofilchem), were also investigated. Etest and MTS were
tested on in-house prepared Mueller-Hinton (MH) agar plates using
agar powder from Oxoid (Thermo Fisher Scientific, Basingstoke,
LK) and BBL (BD, Sparks MD, USA) in parallel. Etest was also tested
on the bioMérieux's Mueller Hinton E (MHE) medium as recom-
mended by the manufacturer. The fully colistin-susceptible E. coli
ATCC 25922 and P. aeruginosa ATCC 27853 and the mcrl-positive
E. coli NCTC 13846 (CCUG 70662, DSM 105182) with a colistin MIC
of 4 mg/l. were used as quality control (QC) for all methods (=6
tests per strain and method) and analysed vs. EUCAST QC
Tables version 7.0 {71. Essential agreement (EA = MiCs within + 1
dilution of reference MiCs) and categorical agreement (CA) were
calculated according to 1SO standard 20776-2 {8} vs. EUCAST

Breakpoint Tables version 7.1 [ 9] using cotistin MICs on frozen BMD
panels as reference (susceptible <2, rzsistant >2 mg/L). There are
no CLSI breakpoints for Enterobacteraceae, but CLSI breakpoints
for P aeruginosa and Acinetobacter spp. 2re the same as for EUCAST
[10]. For the BMD products Sensititr=, SensiTest, and UMIC, the
number of tests used to calculate the i:A was lower than the total
number of isolates because of truncations in the MIC panel ranges.
The numbers of isolates included per the total numbers of isolates
for Enterobacteriaceae (E. coli and K. pr zumoniae), P. aeruginosa and
Acinetobacter spp., respectively, were: Sensititre (28/32, 19/21, 22/
22) SensiTest (26/32, 15/21,17/22), and UMIC (32/32, 20/21, 22/22).
The MIC values of the isolates not irzciaded in the EA calculations
were either <0.25 or >32 mg/L (¥12. 1

The occurrence of mcr genes was in estigated by whole-genome
sequencing (WGS) all isolates with cou tin reference MICs 2—8 mg/
L (n=24) and the three Enterobacter iceae with reference MICs
1 mg/L.

Results

Colistin reference MICs for the 7% C_am-negative bacteria were
from 0.25 to 128 mg/L (Table 1). A tota 2f 24 isolates had MICs of 2,
4, and 8 mg/L, that is just below, o2, and above the EUCAST
breakpoints (susceptible <2, resistant >2 mg/L). The correlation
with reference MICs was good for all BMD products with an ex-
pected 45-degree correlation (1:1 correspondence in the linear
regression) across the full scale of M.C values (Fig. 1). However,
skipped wells which required retesting occurred occasionally on all
BMD panels. The correlation with elerence MICs was poor for
gradient tests and a 45-degree correlation could not be obtained
with either of the gradient test-mediin combinations tested
(Fig. 1). The correlation for the gradient :c:.s was especially poor for
isolates with MICs above the breakpoii t '>2 mg/L).

None of the P aeruginasa or Acinetob. crer spp. analysed with WGS
(colistin MICs 2 -8 mg/L) contained an - mcr genes. All E. coli with
colistin 4 mg/L. were positive for nicr 1, «s well as one K. pneumoniae
with 8 mg/L. One colistin-resistant 2 coli (8 mg/l) contained
both mer-1 and mer-3. One colistin- susceptible E. coli (1 mg/L) was
positive for mer-1 but tested suscepzivle with all methods.

Essential agreement

The highest essential agreement ‘'E, - 96-99%) was obtained for
Sensititre and the two MICRONAUT or ducts (essential agreement
>96%: 66/69 (96%, Cl 88—99%), 72/75 ;36%, C1 88—99%), and 7475
(99%, C1 92-100%)), see Tabie 2. For the broth microdilution single-
isolate test from MICRONAUT (MIC-Strip), only one MIC was
outside essential agreement. The res-1l" 5 were poorer for SensiTest
and UMIC, with EA of 88% (51/58. C. 7-95%) and 82% (61/74, {l
72—89%), respectively. The lowest EA was obtained for the gradient
tests, which varied between 43% (32/75, Cl 32—-54%) and 71% (53/
75, C1 60—80%), depending on the MH medium used (Table 2). The
correlation with reference MICs for gradient tests was best for Etest
on Oxoid MH and poorest for Etest on 3BL MH agar.

For Sensititre and the two MICRONAUT products, the tests per-
formed well for all species investigat.-d {LA 91-100% depending on
species). For the two other BMD products, the test performance
varied depending on the species investiy ved, with poorer perfor-
mance (EA <80%) for Acinetobacter spu. en SensiTest and for both
P aeruginosa and Acinetobacter spp. on JMIC. For the gradient tests,
there were marked differences betwe:n the species investigated,
with the poorest EA for Acinetobacter sp». which was below 10% (1/
22 (5%, C1 1-22%) and 222 (9%, C1 3—27 %) for Etest on BBL MH and
MHE. However, also for E coli, K. L. reumonia, and P. aeruginosa, EA
was generally low.

Please cite th.is article in press as: Matuschek E, et al., Antimicrobial susceptibility testing of colistin — evaluation >f seven commercial MIC
products against standard broth microdilution for Escherichia coli, Klebsiella pneumoniae, Pseudomonas aerugis sc, and Acinetobacter spp.,
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Categorical agreement

The categorical agreement (number of tests with correct sus-
ceptibility categorization) varied from 89% to 95% for the BMD
. products and from 76% to 85% for the gradient tests. The BMD
products tended to overestimate MICs to a small extent, both for
susceptible and resistant isolates (Fig. 1), resulting in some majot
errors, that is false resistant results (Table 2). Most of these (12/25)
were for Acinetobacter spp. There were also a few very major errors
(false susceptible results) for the two MICRONAUT tests, SensiTest
and UMIC, and the majority of these (6/8) were for P. aeruginosa.
Gradient tests generally underestimated MICs, especially in the
area above the breakpoint, resulting in a significant number of very
major errors, that is false susceptible results (9—18 per test-
medium combination of a total of 75 tests), whereas false resis-
* tant results were few (0-2).
Most QC results were within acceptable rar . (Table 3), but
readings below the range for E. coli ATCC 25922 e observed for
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MICRONAUT MIC-Strip (1/8) and UMIC (3/8). For Etest, all MICs
were out of range for E. coli ATCC 25922 on BBL and MHE agar,
whereas most MICs were within ronge ‘or P. aeruginosa ATCC 27853
(12/12 on BBL MH and 4/7 on MHE) For MTS, all MICs were within
range for the two susceptible QC strains, and 13/14 of these MICs
were on the target values. For the mer-1 positive E. coli NCTC 13846,
MICs for both BMD and gradient test; ranged from 2 to 8 mg/L, with
42/48 BMD results and 35/40 gradient test results at the expected
4 mg/L.

Discussion

Colistin is normally the last tesor- agent used in the treatment of
serious infections caused by mult -resistant Enterobacteriaceae,
Pseudomonas aeruginosa, or Acinetohacter spp. A false susceptible
result is obviously a very majoi er:or (VME) but in a last resort
agent, a false resistant result is j 1s as unfortunate and should be
considered equally serious. It ra ins that with colistin, it is

Colistin refer :n :2 JiC (mg/L)
0.25 0.5 1 2 4 3 16 32 64 128

MICRONAUT MIC-Strip
L e e
i
1.
g
;

Fig. 1. Correlation between test methods and reference broth microdilution for (a) five BMD products (Sensititie custom plate, MICRONAUT 5, FAICRONAUT MIC- -Strip, SensiTest and

UMIC) and (b) two gradient tests (Etest and MTS) for 75 Gram- negative bacterial isolates. For gradient tests, results are shown per Mueller

i ton (MH) agar. MICs within essential

agreement (within + 1 dilution of reference MICs) are highlighted in grey and MICs identical with reference MICs are within boxes. EUCAST b.e tkpoints (susceptible <2, resistant >2

mg/L) are shown as lines
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Fig. 1 (contmmed)
lable 1
Colistin MIC distributions with reference broth microdilution for 75 Gram-negative bacterial isolates
Organism Number of isolates Colistin reference MIC (mg/L)
025 0.5 1 2 4 8 15 32 64 128
Escherichia coh 14 1 3 1 8 1
Klebsiella pneumoniae 18 4 2 2 4 4 2
Pseudomonas aeruginosa 21 1 2 7 2 2 2 1 1
Acmetobacter spp 22 e 3 6 3 ( 2
Total 75 2 14 16 7 i 7 5 5 0 1

absolutely essential for laboratories to report correct results and
good essential agreement is more important than for many other
antimicrobial agents.

Gradient tests perfermed slightly better for isolates that lacked
colistin resistance mechanisms (MICs <2 mg/L) than for colistin-
resistant isolates (MICs »2 mg/L). For some time, it was hoped
that a susceptible result could be trusted even if the ability to
predict the level of resistance was poor. However, our results
indicate that although isolates without colistin resistance were
mostly categorized as susceptible, isolates with colistin resistance
mechanisms could be categorized as susceptible or resistant.
Furthermore, the essential agreement was poor also for susceptible
isolates, resulting in underestimation of colistin MICs for both
susceptible and resistant isolates. It is likely that the poor correla-
tion between gradient tests and BMD reference MICs is related to

the poor diffusion of colistin in agar /A imilar poor correlation was
observed for disk diffusion, which was performed in parallel using
colistin disks with three potencies (10, .5, and 50 pg) on a subset of
the isolates in this study (data not shown). None of the disks could
discriminate between colistin susceptible and resistant isolates.
The gradient tests performed better f r £ coli and K. pneumoniae
than for P. aeruginosa and Acinetobacte <pp., but in our opinion, the
major problems with colistin gradient tests shown in this study
deem those products unreliable for colistin MIC determination in
any species,

Commmercial BMD products correlated significantly better with
reference methodology than the grac.ert tests. False susceptible
results (very major errors) were mainty obtained for P. aeruginosa,
which is not surprising as the susceptible breakpoint was set at
<2 mg/L, whercas the epidemiological cut-off (ECOFF) is 4 mg/L.
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Table 2

Essential and categorical agreements for colistin MIC tests for 75 Gram-negative bacteria with MICs on frozen broth microdilutior. panels as reference

Organism E. coli and K. pneumoniae P. aeruginosa Acinetobacter spp All isolates
(n=32) (n=21) H=22) (n=75)
Colistin reference MIC range (mg/L) 0.25-32 0.25—-128 0.5-32 0.25-128
% Essential agreement (EA)" Sensititre custom plate® 96 100 91 96
MICRONAUT-S 97 100 91 96
MICRONAUT MIC-Strip 97 100 100 99
SensiTest’ 96 93 Vi 88
umiIc 91 75 77 82
Etest, Oxoid MH 84 62 52 7
Etest, BBL. MH 63 52 4.4 43
Etest, MHE 75 43 9.1 47
MTS, Oxoid MH 59 57 41 53
MTS, BBL. MH 75 57 59 65
% Categorical agreement (CA) Sensititre custom plate 97 95 EH 95
MICRONAUT-S 94 86 33 89
MICRONAUT MIC-Strip 94 91 8 91
SensiTest o 94 91 o 89
uMiIc 94 91 ] 92
Etest, Oxoid MH 94 71 73 81
Etest, BBL MH 94 67 68 79
Etest, MHE 94 76 32 85
MTS, Oxoid MH 81 71 82 79
MTS, BBL MH 84 71 68 76
Number of major errors (ME) Sensititre custom plate 1 1 ) 4
MICRONAUT-S 2 1 3 6
MICRONAUT MIC-Strip 2 0 ) 5
SensiTest 2 1 4 7
UMIC & 1 0 3
Etest, Oxoid MH 2 0 0 2
Etest, BBL MH 1 0 O 1
Etest, MHE 2 0 (3} 2
MTS, Oxoid MH 0 o (4] 0
MTS, BBL MH 0 0 i 0
Number of very major errcis (VMEY Sensititre custom plate 0 0 o 0
MICRONAUT-S 0 2 ( 2
MICRONAUT MIC-Strip 0 2 ) 2
SensiTest ] 1 0 1
UMIC 0 1 2 3
Frest, Oxoid MH 0 6 O 12
Flest, BBL MH 1 7 7 15
Etesi, MHE 0 5 4 9
MTS, Oxoid MH 6 6 4 16
MTS, BBL MH 5 6 18

™

MICs being within + 1 dilution of reference MICs.

Test results with correct susceptibility categorization.
Resistant with test method, susceptible with reference method = false resistant

=R .

-

\

It is therefore likely that even a well-calibrated method will, to
_some extent, underestimate colistin resistance in P. aeruginosa.

As discussed by several other authors, colistin MIC determina-
tion is associated with methodological difficulti 23.1112]. This
study was not designed (o further investigate t' fect of adding
surfactants or other modifications to the referc - methodology,
but to evaluate commercial products for calistin MIC determina-
tion. Our results show that colistin MIC determination can be per-
formed with reproducible results using both reference BMD
methodology and commercial BMD products.

When analysing the quality control (QC) data, it was obvious
that the regular susceptible QC strains could not disclose the poor
ability of gradient tests to predict colistin resistance. Furthermore,
the QC ranges, consisting of four two-fold dilutions, recommengled
by both EUCAST and CLSI for E. coli ATCC 25922 and P. aeruginosa
ATCC 28753 allow sigiificant variation in colistin MiCs regardless of
method used. Such variation is not acceptabie when testing clinical
isolates. We strongly recommend that the colistin-resistant E. coli
NCTC 13846 (CCUG 70662, DSM 105i82) is inciuded in aii colistin

]

Because of truncations in the MIC dilutions, the total number of tests for calculation of LA was 28 for L coli/K. pieuimoniae and 18 for P. aeruginosa.
Because of truncations in the MIC dilutions, the total number of tests for calculation of EA was 26 for E coli/K. pneumoniae, 15 for 2 ¢2ru2.nosa and 17 for Aanetabacter spp
Because of truncations in the MIC dilutions, the total number of tests for calculation of EA was 20 for P. aeruginosa.

Susceptible with test method, resistant with reference method = false susceptible.

susceptibility testing. For this strai , the expected colistin MIC is
4 mg/l, and in our experience 1t is ieasonable to expect almost all
results between 2 and 8 mg/L. and - 80% on 4 mg/L.

BMD is commonly regarde3 zs a laborious and expensive
method, but the commercial BMD preducts evaluated in this study
are easy lo use and do not requi.e .dditional equipment or great

laboratories to internally validate ai:7 of these products for reliable
colistin MIC testing and to comp! =te 'y stop using gradient tests for
this purpose.

All testing in this study was periormed by skilled staff in a
lahoratory performing broth micrad® ution daily and quality control
was performed throughout the si1. y Ideally, we would have per-
formed ali tests on the same day, irom the same inocuium sus-
pension, with the same Mueller-Hinton broth, etc., but this was not
logistically possibie, which is a limization of this study. We believe
the comparisons were as fair as is pcesible. We would, however, like
to stress that when evaluating arti 1icrobial susceptibility tests, it
is possible to achieve results which are better or worse by choosing

Please cite this article in press as: Matuschelk E, et al., Antimicrobial susceptibility testing of colistin — evaluation of seven commercial MIC
products against standard broth microdilution for Escherichia coli, Klebsiella pneumoniae, Pseudomonas aerugincsa, and Acinetobacter spp.,
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Table 3
Colistin quality control results per MIC imethod

Colistin MiC method Colistin MIC {mg/L)

Escherichia coli Pseudomonas Escherichia coli
ATCC 25922 aeruginosa NCTC 13846"
ATCC 27853

Broth microdilution
Reference frozen panel
Sensititre custom plate
MICRONAUT-S
MICRONAUT MIC-Strip 1
SensiTest

UMIC 3
Gradient tests

Etest, Oxoid MH

Etest, BBL. MH 12
Etest. MHE 7
MTS, Oxoid MH

MTS, BBL. MH

NNON®X N

0 0 W Co o

Acceptable ranges are highlighted in grey and results on target v. are bold.

* mcr-1 positive.
b All four values at <0.25 mg/L
i

easier or more difficult isolates for the evaluation. If isolates are
chosen which are clearly at different ends of the spectrum of sus-
ceptibility, numbers of errors are going to be low. I isolates close to
the breakpoints are chosen, numbers of errors are going to be
higher. On the other hand, if brealpoints allow for a wide inter-
mediate category, there will be very few major or very major errors.
In this study, isolates were difficult and many of them had colistin
MIC values close to the breakpoints. As neither EUCAST nor CLSI
have introduced an intermediate caregory, errors will be either
major errars ot very major errors. These factors make our com-
parison a challenging one to the tests we evaluated.

Conclusions

Commercial broth microdilution methods generally performed
well with the best correfation (or Sensititre and the two MICRO-
NAUT tests, whereas the performance of the two gradient tests was
unacceptable. This is probably related to the poor, and possibly
unpredictable, diffusion of colistin in agar.

Based on the results of this study, we advise laboratories not to
trust colistin gradient tests or disk diffusion and to use broth
microdilution methods for this purpose. This advice has been
adopted by EUCAST. There are several commercial and user-
friendly broth microdilution tests available on the mdrket. How-
ever, a favourable result for a commercial product in this study does
not mean that EUCAST recommends or endorses this particular
product. The need for stringent quality control of any method is
emphasized and we recommend that all laboratories performing
colistin MIC determination include the colistin resistant E. coli NCTC
13846 for quality control. The colistin MIC target value for this
strain is 4 mg/L and should only occasionally be 2 or 8 mg/L. We did
not have the opportunity to validate the performance of seimi-
automated AST devices in this study, but others have reported
poor performance for colistin with these [5,6].
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