ITANEAAHNIOZ IATPIKOX LYAAOIOx

ATTo: Vicky Karachaliou (Panhellenic Medical Association) <pis@pis.gr>

ATTOOTOANR: Mapaokeur, 18 Maiou 2018 2:33

Mpog: pisref@pis.gr

Oéua: FW: AiaBiBaon ouv/vwy eyypd@wy OXETIKWV HE TO BEUa "eAeyx0g euaiobnaiag oTnv
KOAioTivn(TToAupuéivn E)....MoAupugivec"

Zuvnupéva: EFMMPA®O THZ EONIKHZ EMNITPOMHZ ANTIBIOTPAMMATOX..pdf;

EUCAST_COLISTIN_CMI.pdf; EPQTHMATOAOT IO EPIFASTHPIQN-EUCAST.docx

From: TPIANTAOYAAQY BAPBAPA [mailto:var.triantafyllou@moh.gov.gr] | APIG. NPT PR DOGy
Sent: Friday, May 18, 2018 1:27 PM ' IWEQS....... jg[r{ZiWX
To: pis@pis.gr; press@pis.gr; posipyl@gmail.com

Cc: pasidik@otenet.gr

Subject: AwaBiBaon cuv/vwy eyypddwy oxeTikwY pe To Bépa "eheyxog evatobnaiog otnv KoAtotivn(moAupuéivn
E)....MoAvpu€iveg"

E=. ENEITON

Napakadeiote onwg StafBaoete ta mapandvw cuvnupéva éyypada

OTOUG Katd TOMoV latpikolg ZUAAGYOUG Kat oTa MéAN 0OC

HE TNV TapakAnon va eTOTPEPOUV T GUUMANPWHEVA EPWTNUATOASYL OTNV EEAC
nAektpovikn SlevBuvon: pkommata@moh.gov.gr

Me exTignon

Tpiavra@uAlou BapBapa

A/von MpwTopabuiag dpovTidac Yyeiag
(Tunua B')

From: KOMMATA NMANAIQTA [mailto:pkommata@moh.gov.gr]

Sent: Thursday, May 17, 2018 2:50 PM

To: "TPIANTAOYAAQY BAPBAPA'

Subject: RE: MapakAnon yia nAekTpovikn 3iaiBacn ouv/vav eyypapwy OXETIKOV HE To Béua "eAeyxog euaiobnoiag oTnv
koAioTivn(noAupu&ivn E)....MoAupuEiveg"

K. TpravtaduAiou

Zag oteAvw ouvnppEva To Eyypado tou Mpoédpou g EBVIKAC Enttpomnic AVTLBLOYPAUMATOC , TO paper KoL To
EPWTNUATOAOYLO 0e word yla vaL UopoUV va T0 GUMTANPWOOUY Kat va To oTellouv pe mail .

ZOG EUXAPLOTW
Me extipnon
Koppotd Navayuwta (210-8208794)

From: TPIANTA®YAAOY BAPBAPA [mailto:var.triantafyllou@moh.gov.gr]

Sent: Thursday, May 17, 2018 2:13 PM

To: pkommata@moh.gov.gr

Subject: MapakAnon yia nAekTpovikn dIaBiBacn ouv/vwv eyypa@wy OXETIKOV LE T Bépa "eAeyxog guaioBnoiag oTnv
koAioTivn(noAupugivn E)....NMoAupuEivec"

A§LoTiun ka Kopparad,
[# oeAidac]

mo,

"G



Oa oag napakalovoa av eivat pkTé va pag anooteilete oe NAEKTPOVIKY Hopdr Ta OXETIKG éyypada Tou

adopolV 0TO AVWTEPW OXETIKS Bépa

Ap. eLoepy eyypadou KETY

KEZY(B)/.r.N.ow./16-05-2018

TPOKELUEVOU va Ta StaBiBAooupe pe TN oelpd pac oToUG evdladepOUEVOUG(LELWTIKG StayvwoTikd epyactripia, NIz KTA)

Me ektiunon,
TPIANTAOYAAQY BAPBAPA(E2.2132161466)

Information from ESET Endpoint Security, version of detection engine 17392 (20180516)

The message was checked by ESET Endpoint Security.

http://www.eset.com

Information from ESET Endpoint Security, version of detection engine 17392 (20180516)

The message was checked by ESET Endpoint Security.

http://www.eset.com

Information from ESET Endpoint Security, version of detection engine 17405 (20180518)

The message was checked by ESET Endpoint Security.

http://www.eset.com

[# oehidag]



EAAHNIKH AHMOKPATIA A®fva 29/1/2018
YMNOYPrEIO YTEIAZ
KENTPIKO XYMBOYAIO YIEIAX

EONIKH ENITPOMNH
ANTIBIOrPAMMATOX

Mpog : ExteAcoTikf Enirponn
ToUu KeXY

©EMA: « 'EAgyxog gvaiodnoiag oTnv koAloTivn (noAupugivn E) oclpupwva pe TIG
ouoTaoeig Tng Koviig Opadag Epyaciag CLSI/EUCAST yia Ta 'Opia EuaioBnoiag otig
MoAupugiveg»

0 mpoobilopiopés g evaaBnatag otnv kohwotivn anoterel kployn mapdperpo otn Bepaneia twv
Aoluwewy oty xwpa pac, téoo Adyw tou uPnAoy ENUTOAQOHOY TWV TOAUOVEE KTIKWY Baktnpidiwy éoo
KQL TG YVWOTrG TeXVIKrg SuokoAiag mou mapouatdlet HE Tn pEBobo Suaxuong twv Slokwy, Tic Tawviec
SlaPabuiopévng cuykévipwaong Kat ta nuautdpata ovothpara. Ooov adopd 1a “eXevtaia n EUCAST Sev
ta afloAdynoe ouotnuatikd, add otéAvovtag otedéxn pe Tég MIC oto eupoc ™G KN evatoBbnoiag oe
ouvadeApoug avd tov kdopo, Slaniotwoe ™ ouxvi eudavion efatpetikd kolotpwy odaApdtwy (Very
Maijor Errors). '’ auté kat cuotrvel otouc XPMOTES NU-QUTOHATWY CUTTNUATWY V't Stevepyolv auatnpouc
EOWTEPLKOUG EAEYXOUG TodTNTAC KAt va EAEyXOUV HE TOUG avTioTowyouC Kataok {UaOTIKOUC olkoug Katd
ndoo urnopolv va eivat olyoupot ot N nu-avtopatn péBoSog eléyxou «L x.0Bnolac ivel owotd
QMOTEAECHATA YL TV KOALOTIV.

ASYW QUTWY TWV TEXVIKWY BUCKOALOY To CLSI Kat o EUCAST dnuolpynoay kow: wpdda epyasiac yia ta
opla evatoBnotag ot moAupvEiveg (joint CLSI-EUCAST polymyxin breakpoints working group), mou
KatéAnge o€ oxetkég odnyiec /ovotdoel;  yia tov éleyxo suawenahq KAWLKWV  OTEAEXWY
Enterobacteriaceae, P.aeruginosa kai Acinetobacter spp. otnv koAwotivn, ot onoleg elvat avnprnpéveg
otnv wotooeAiba www.eucast.org and tic 22 Maptiou 2016 kat ot onoteg mpémet va akohouBouvral and
Oha ta kAwikd epyactripla. Tig ouaTdoelc QUTEG 0ag TG GTEAVOULE OE PETddpao.

Emonuaivoupe ot o eowrepikd EAeyyoc moLdTNTag yla Ty KoAwotivn mpémel va Slevepyeitat Taktika,
Xpnowpomnoudvrag éva evaiodbnto npétuno otéAexoc (E. coli ATCC 25922 e elpor, MICs 0.25-2.0 mg/L Kat
atoxo 0.5-1 mg/L | P. geruginosa ATCC 27853 HE eUpog MICs 0.5-4.0 mg/L kat utéx0 1-2 mg/L) kat to
KoAtativn avBektiko E. coli NCTC 13846 (mer-1 Betikd). Ta to teheutaio OTEAEXCG, N THA OTOXOC yia TV
MIC otnv koAwotivn elvat 4 mg/L kat pévo nepiotaciakd uropetl va eival 2 f; 8 mg/L (+ 1 apaiwon oe
oxéon pe v MIC otédyxo). Méxpl ta Epyaotripla va mpopnBeutoly to NCTC 13846, propolv va
XpPnawonotovy 1o E. coli 4320 nou eotdAn and to EARS-Net (ZemT 2017) kat éxel N IC 4mg/L.

TEAOG, 0ag EVNUEPWVOULE OTL Tipoc To napov atnv eEMnvikr ayopd kukAogopoUy 2 TPOLOVTA yLat ToV
€Aeyxo tng MIC atnv KoAlotivn pe ™ péBodo twy HIKpOQpaUoEWY Ot {wd, To MICRONAUT MIC-Strip
(Merlin Diagnostika) kat to SensiTest (Liofilchem).

MAnpodopieg

* EvayyeAia Aepnéon, tA 2132009324 /2132009266
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* EuotaBio MNepiBoluitn, TnA 2132043202
¢ Kuplaki Tpudivorotou, TnA 2108921077, 78

ZuotdoeLg Kowrg opddag epyaciag CLSI-EUCAST ylwa ta 6pla
evawobnoiag otig toAupugiveg

O rmpoobloplopds e MIC oty kohiotivn (oAupugivn E) oxetiZerar pe Swadopa
HeBodoloyikd Bépara. H kowr opdda epyaciag CLSI-EUCAST pelétnoe ektevisc to. Oépara
QUTA Kal ouppwVNoE Ta eEAC:

1. H upéBobog avadopdc yia Enterobacteriaceae, Pseudomonas aeruginosa xai
Acinetobacter spp eivat n péBobog pikpoapalhoswy oe {wuo, mpotunonotnuévn
Katd 1SO (20776-1). Inpewwore:

a.  Xpnowdonoteital {wpdc Mueller-Hinton cation-adjusted

B. Bev npémet va npootiBetat kapia oucia ot Kavéva Brua g Swdikaoiag
(Bralrepa polysorbate-80 r dAec erudavelodpactikés ouaiec)

V. Oumhdkeg Ba npénel va elvat KATAOKEVAOUEVES amd KaBapd MoAUGTUPEVLD
KL va pnv mipenyeital e xpriong toug kapla nepawtépw enefepyacia

5. Mpénet va ypnowonowolvrat Betikd  dhata NoAUpUEVDY  (to
neBavooourdovikd napdywyo tne koAotivng Gev mpénet va xpnoticmoteitat
kaBuwg eivat éva avevepyo npo-¢éppako To omnolo Slaondral apyd o &y pa)

2. 0 é\eyyoc evatoBnaiac pe aMeg uebdoug, dnwe n UEB0SOG apawoewy e ayap,

n péBobog Bidxuong twv Slokwy Kat n Xprion tTawuhv Slapabiuopévng
OUYKEVIPWONG Tou  avriBlotikoy bev__unopel va mpotaBel, MEXPLS  GTOU
avaokonnBolv GAa ta totopikd Sedopéva i npokOpouv Sebopéva and kawolpleg
HeAETeG. O peAéteq end Twv peBdSwy authy PBpiokovral oe e€ENEn.

Ma tnv EBvikA emiTponn AvTiBioypapparog
O Mpoedpog

%“/;

Ka@énynrrg AAIKOZ rEQPrios
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Objective: Both EUCAST and CLSI recommend broth microdilution (BMD) for antimicrobial susceptibility
testing of colistin, but BMD is rarely used in routine microbiology laboratories. The objective of this study
was to evaluate five commercially available BMD products and two brands of gradient tests for colistin
MIC determination using BMD according to ISO standard 20776-1 as reference.
Methods: Colistin MIC determination was performed according to the manufacturer's instructions on five
commercially available BMD products (Sensititre, MICRONAUT-S, MICRONAUT MIC-Strip, SensiTest, and
UMIC) and two gradient tests (Etest and MIC Test Strip). Colistin reference MICs were determined using
frozen panels according to ISO standard 20776-1. An international collection of Gram-negative bacteria
Keywords: (n=75) with varying levels of colistin susceptibility was tested.
BMD Results: The colistin BMD products correlated well with reference tests, in particular for Sensititre and
Colistin the two MICRONAUT products (essential agreement >96%: 66/69 (96%, Cl 88—99%), 72/75 (96%, Cl 88—
EUCAST 99%) and 74/75 (99%, CI 92—100%)). The results were somewhat poorer for the BMD products SensiTest
Gradient tests and UMIC: EA 88% (51/58, Cl 77-95%) and 82% (61/74, CI 72—89%), respectively), and considerably poorer
MIE dethemtivation for the gradient tests (EA 43—71% depending on gradient test and Mueller-Hinton agar manufacturer),
The gradient tests generally underestimated colistin MICs, resulting in a significant number of false
susceptible results (9—18 of total 75 tests, compared with 1—3 for the BMD products).
Conclusions: Based on the results of this study, we advise laboratories not to trust gradient tests for
colistin susceptibility testing and to use broth microdilution methods for this purpose. There are several
commercial broth microdilution tests available and in principle they perform well. E. Matuschek, Clin
Microbiol Infect 2017;s:1
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.

Editor: F. Allerberger

Introduction

An accurate method for antimicrobial susceptibility testing
(AST) of colistin (polymyxin E) is crucial in an era of increasing
numbers of multi-resistant Gram-negative bacteria and simulta-
neous increasing colistin resistance. The reference methodology for
AST is MIC determination with broth microdilution (BMD)

* Corresponding author. E. Matuschek, EUCAST Development Laboratory, c/o
Clinical Microbiology, Central Hospital, SE-351 85 Vixjo, Sweden.
E-mail address: erika.matuschek@kronoberg.se (E. Matuschek).

https://doi.org/10.1016/j.cmi.2017.11.020

according to the ISO standard 20776-1 [1]. However, BMD of
colistin is associated with methodological issues. Colistin binds to
the plastic of polystyrene trays and attempts have been made to
prevent this by adding a surfactant, such as polysorbate-80, to the
test system [2,3]. Recently, a joint CLSI-EUCAST working group
investigated colistin BMD testing and decided that the recom-
mendations in the ISO standard should be adhered to and that
testing should be performed using the sulphate salt of colistin and
standard polystyrene trays without the addition of surfactants [4].
The working group showed that surfactants did not improve assay
performance and that there is, in fact, a synergistic effect with
colistin (J. Turnidge, personal communication).

1198-743X/© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All rights reserved.

., Antimicrobial susceptibility testing of colistin — evaluation of seven commercial MIC

cherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acineto acter spp.,
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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, Tromsag, 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 ISO standard 20776-1 [1] and CLSI/EUCAST recommen-
dations [4] on frozen BMD panels (Thermo Fisher Scientific,
Cleveland, OH, USA) with two-fold dilutions from 128 to 0.125 mg/
L. MIC determination for colistin was performed according to the
manufacturers' 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
antimicrobial 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 smaller panel for four
isolates and the MICRONAUT MIC-Strip and UMIC are single-isolate
tests consisting of a plastic device with 12 wells. If skipped wells
were observed when reading the BMD panels, the 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,
UK) 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 mcri-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 [7]. Essential agreement (EA = MICs within + 1
dilution of reference MICs) and categorical agreement (CA) were
calculated according to ISO standard 20776-2 [8] vs. EUCAST

Breakpoint Tables version 7.1 [9] using colistin MICs on frozen BMD
panels as reference (susceptible <2, resistant 2 mg/L). There are
no CLSI breakpoints for Enterobacteriaceae, but CLS] breakpoints
for P. aeruginosa and Acinetobacter spp. are the same as for EUCAST
[10]. For the BMD products Sensititre, SensiTest, and UMIC, the
number of tests used to calculate the EA 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. pneumoniae), 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 included in the EA calculations
were either <0.25 or >32 mg/L (Fig. 1).

The occurrence of mcr genes was investigated by whole-genome
sequencing (WGS) all isolates with colistin reference MICs 2—-8 mg/
L (n=24) and the three Enterobacteriaceae with reference MICs
1 mg/L.

Results

Colistin reference MICs for the 75 Gram-negative bacteria were
from 0.25 to 128 mg/L (Table 1). A total of 24 isolates had MICs of 2,
4, and 8 mg/L, that is just below, on, 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 MIC values (Fig. 1). However,
skipped wells which required retesting occurred occasionally on all
BMD panels. The correlation with reference MICs was poor for
gradient tests and a 45-degree correlation could not be obtained
with either of the gradient test-medium combinations tested
(Fig. 1). The correlation for the gradient tests was especially poor for
isolates with MICs above the breakpoint (>2 mg/L).

None of the P. aeruginosa or Acinetobacter spp. analysed with WGS
(colistin MICs 2—8 mg/L) contained any mcr genes. All E. coli with
colistin 4 mg/L were positive for mcr-1, as well as one K. pneumoniae
with 8 mg/L. One colistin-resistant E, coli (8 mg/L) contained
both mcr-1 and mcr-3. One colistin-susceptible E. coli (1 mg/L) was
positive for mcr-1 but tested susceptible with all methods.

Essential agreement

The highest essential agreement (EA: 96—99%) was obtained for
Sensititre and the two MICRONAUT products (essential agreement
>96%: 66/69 (96%, Cl 88—99%), 72/75 (96%, CI 88—99%), and 74/75
(99%, C192—100%)), see Table 2. For the broth microdilution single-
isolate test from MICRONAUT (MIC-Strip), only one MIC was
outside essential agreement. The results were poorer for SensiTest
and UMIC, with EA of 88% (51/58, CI 77—-95%) and 82% (61/74, CI
72—89%), respectively. The lowest EA was obtained for the gradient
tests, which varied between 43% (32/75, CI 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 BBL MH agar.

For Sensititre and the two MICRONAUT products, the tests per-
formed well for all species investigated (EA 91-100% depending on
species). For the two other BMD products, the test performance
varied depending on the species investigated, with poorer perfor-
mance (EA <80%) for Acinetobacter spp. on SensiTest and for both
P. aeruginosa and Acinetobacter spp. on UMIC. For the gradient tests,
there were marked differences between the species investigated,
with the poorest EA for Acinetobacter spp., which was below 10% (1/
22 (5%, C1 1-22%) and 2/22 (9%, CI 3-28%) for Etest on BBL MH and
MHE. However, also for E. coli, K. pneumonia, and P. aeruginosa, EA
was generally low.
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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 major
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 ranges (Table 3), but
readings below the range for E. coli ATCC 25922 were observed for
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Fig. 1. Correlation between test methods and reference broth microdilution for (a) five BMD
UMIC) and (b) two gradient tests (Etest and MTS) for 75 Gram-negative bacterial isolates. Fo
agreement (within + 1 dilution of reference MICs) are highlighted in grey and MICs identical
mg/L) are shown as lines.

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 range for 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 mcr-1 positive E. coli NCTC 13846,
MICs for both BMD and gradient tests 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 resort agent used in the treatment of
serious infections caused by multi-resistant Enterobacteriaceae,
Pseudomonas aeruginosa, or Acinetobacter spp. A false susceptible
result is obviously a very major error (VME) but in a last resort
agent, a false resistant result is just as unfortunate and should be
considered equally serious. It means that with colistin, it is

Colistin reference MIC (mg/L)
025 0.5 4 8 16 32 64 128

MICRONAUT MIC-Strip

products (Sensititre custom plate, MICRONAUT-S, MICRONAUT MIC-Strip, SensiTest and
r gradient tests, results are shown per Mueller-Hinton (MH) agar. MICs within essential
with reference MICs are within boxes, EUCAST breakpoints (susceptible <2, resistant >2
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Fig. 1. (continued).
Table 1
Colistin MIC distributions with reference broth microdilution for 75 Gram-negative bacterial isolates
Organism Number of isolates Colistin reference MIC (mg/L)
0.25 0.5 1 2 4 8 16 32 64 128
Escherichia coli 14 1 3 1 8 1
Klebsiella pneumoniae 18 4 2 2 4 4 2
Pseudomonas aeruginosa 21 1 2 v 2 2 2 3 1 1
Acinetobacter spp. 22 5 6 3 6 2
Total 75 2 14 16 7 10 7 13 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 performed 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 similar poor correlation was
observed for disk diffusion, which was performed in parallel using
colistin disks with three potencies (10, 25, 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 for E. coli and K. pneumoniae
than for P. aeruginosa and Acinetobacter spp., 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.

Commercial BMD products correlated significantly better with
reference methodology than the gradient tests. False susceptible
results (very major errors) were mainly obtained for P. aeruginosa,
which is not surprising as the susceptible breakpoint was set at
<2 mg/L, whereas 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 microdilution panels as reference
Organism E. coli and K. pneumoniae P. aeruginosa Acinetobacter spp. All isolates
(n=32) (n=21) (n=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 71 88
umMic? 91 75 77 82
Etest, Oxoid MH 84 62 59 71
Etest, BBL MH 63 52 45 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 51 95
MICRONAUT-S 94 86 86 89
MICRONAUT MIC-Strip 94 91 86 91
SensiTest 94 91 82 89
UMIC 94 91 91 92
Etest, Oxoid MH 94 71 73 81
Etest, BBL MH 94 67 68 79
Etest, MHE 94 76 82 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 2 4
MICRONAUT-S 2 1 3 6
MICRONAUT MIC-Strip 2 0 3 5
SensiTest 2 1 - 7
uMIC 2 1 0 3
Etest, Oxoid MH 2 0 0 2
Etest, BBL MH 1 0 0 1
Etest, MHE 2 0 0 2
MTS, Oxoid MH 0 0 0 0
MTS, BBL MH 0 0 0 0

Number of very major errors (VME)? Sensititre custom plate 0 0 0 0
MICRONAUT-S 0 2 0 2
MICRONAUT MIC-Strip 0 2 0 2
SensiTest 0 1 0 1
UMIC 0 1 2 3
Etest, Oxoid MH 0 6 6 12
Etest, BBL MH 1 T 7 15
Etest, MHE 0 5 4 9
MTS, Oxoid MH 6 6 4 16
MTS, BBL MH 5 6 7 18

¢ MICs being within + 1 dilution of reference MICs.
b

c
d

€ Test results with correct susceptibility categorization.

" Resistant with test method, susceptible with reference method = false resistant.

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

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 difficulties [2,3,11,12]. This
study was not designed to further investigate the effect of adding
surfactants or other modifications to the reference methodology,
but to evaluate commercial products for colistin 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, recommended
by both EUCAST and CLSI for E. coli ATCC 25922 and P. aeruginosa
ATCC 28753 allow significant variation in colistin MICs regardless of
method used. Such variation is not acceptable when testing clinical
isolates. We strongly recommend that the colistin-resistant E. coli
NCTC 13846 (CCUG 70662, DSM 105182) is included in all colistin

Because of truncations in the MIC dilutions, the total number of tests for calculation of EA was 28 for E. coli/K. pneumoniae and 19 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 P. aeruginosa and 17 for Acinetobacter spp.
Because of truncations in the MIC dilutions, the total number of tests for calculation of EA was 20 for P,

aeruginosa.

susceptibility testing. For this strain, the expected colistin MIC is
4 mg/L, and in our experience it is reasonable to expect almost all
results between 2 and 8 mg/L and >80% on 4 mg/L.

BMD is commonly regarded as a laborious and expensive
method, but the commercial BMD products evaluated in this study
are easy to use and do not require additional equipment or great
expertise. It should therefore be possible for clinical microbiology
laboratories to internally validate any of these products for reliable
colistin MIC testing and to completely stop using gradient tests for
this purpose.

All testing in this study was performed by skilled staff in a
laboratory performing broth microdilution daily and quality control
was performed throughout the study. Ideally, we would have per-
formed all tests on the same day, from the same inoculum sus-
pension, with the same Mueller-Hinton broth, etc., but this was not
logistically possible, which is a limitation of this study. We believe
the comparisons were as fair as is possible. We would, however, like
to stress that when evaluating antimicrobial susceptibility tests, it
is possible to achieve results which are better or worse by choosing




6 E. Matuschek et al. / Clinical Microbiology and Infection xxx (2017) 1-6

Table 3
Colistin quality control results per MIC method

Colistin MIC method  Colistin MIC (mg/L)

Escherichia coli Pseudomonas Escherichia coli

ATCC 25922 aeruginosa NCTC 13846
ATCC 27853

0 125 0.25 2 4 8

Broth microdilution

Reference frozen panel 1 7
Sensititre custom plate 8
MICRONAUT-S 7 1
MICRONAUT MIC-Strip 1 206
SensiTest 7
UMIC 2 7
Gradient tests

Etest, Oxoid MH 8
Etest, BBL MH 8
Etest, MHE 5 3
MTS, Oxoid MH 8
MTS, BBL MH 8

Acceptable ranges are highlighted in grey and results on target values are bold.
@ mcr-1 positive.
b All four values at <0.25 mg/L.

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. If isolates close to
the breakpoints are chosen, numbers of errors are going to be
higher. On the other hand, if breakpoints 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 category, errors will be either
major errors or 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 correlation for 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 market. 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 semi-
automated AST devices in this study, but others have reported
poor performance for colistin with these [5,6].
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EONIKH ENITPOMH ANTIBIOTPAMMATOZ

EPQTHMATOAOTIO EPTAZTHPIQN BIONMAGOAOTIAZ / MIKPOBIOAOTIKOY TMHMATOZ

MPOZAPMOTH ZTIZ OAHTIEZ EUCAST

A. ZTOIXEIA EPTAZTHPIOY

NOZOKOMEIO

2TOIXEIA AIEYOYNTOY 1} YOIEYOYNQY EPTAITHPIOY

ONOMA:

THAEQQNO:

E-MAIL:

B. EAETXOZ EYAIZOHZIAZ 3 TA ANTIMIKPOBIAKA

MapakaAw ONUELWOTE PE
X ot edapudlete
0TO EPYQOTPLO

MEGOAOZ AIZKQN/AIAXYZHZ IE ATAP NAI
OXI
[MPOZAIOPIZMOZ MIC NAI
OXI
TAINIEZ AIABAOMIZMENHS SYTKENTPQIHZ | NAI
OXI
MEGOAOZ APAIQZEQN 3E ZOMO NAI
OXI
ME©OAOZ APAIQIEQN ZE ATAP NAI
OXI
XPHZH ETOIMQN OPEMTIKQN YAIKQN NAI
OXI
XPHZH IN HOUSE ©PEMTIKQN YAIKQN NAI
OXI
AYTOMATO 2YITHMA NAI
OXI

OAHTIEZ NMOY EQAPMOZETE
CLSI | NAI
OxXI
EUCAST | NAI
OXI

NapakaAw cupmAnpwote: (A) ta otoleia Tou epyactnpiou kat

(B) TL6 ueBOSOUG TMOU XpnoLpOTOLE(TE YLa TOV EAeyXO TNC
evatoBnoiag ota avipikpoPlakd Kot amooteilate T0

epwtnuatoAdyto pe EMAIL: pkommata@moh.gov.gr




