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Antimicrobial susceptibility testing
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sejercicio intelectual o necesidad clinica?

Rafael Canton Moreno

Servicio de Microbiologia. Hospital Ramén y Cajal. Madrid. Espaiia.

Lectura inferpretada
del

antibiograma

Organizado por el Grupo de Estudio de los
Mecanismos de Accién y de la Resistencia a los

Antimicrobianos (GEMARA)

Enferm Infecc Microbiol Cling2010;28(6):375-385

Enfermedadesinfecciosas y
Microbiologia Clinica

www.elsevier.es/feimc

Formacion médica continuada
Lectura interpretada delantibiograma: una necesidad clinica

Rafael Canton

Servicio de Microbiologia, Hospital Ramény CajalpMadrid, Espaiia

[Frocedimientos en Microbiologia Clinica

Recomendaciones de la Sociedad Espafiola de Enfermedades
Infecciosas y Microbiologia Clinica

Editores: Emilia Cercenado y Rafael Canton

38.( A

Deteccion fenotipica de
mecanismos de resistencia
en gramnegativos

- J
2 0 1 1

Enferm Infece Micrabial Clin 200 0; 28009): 638 - 645

Coordinadores: Ferran Navarro y Rafael Cantén

Microbiologia Clinica

www.elsevier.es/eimc

Formaaommedica continuada

Lectura interpretada del antibiograma de enterobacterias ™

- ab®k s | - - - ab
L e (EERET ) Ferran Mavarro ™", Elisenda Mird* y Beatriz Mirelis

(Recinto del Hospital de la Santa Creu i Sant Pau) * Servei de Micobiologis, Hospital de la Santa Cre i Sant Py, Barcdong, Espaiia
Sant Antoni M. Claret, 171 ® Universitat Autbnoma de Bareelong, Baneekona, Espadia

Enfermedades Infecciosas y =

Coordinador: Ferran Navarro

Autores: Jorge Calvo
Rafael Cantén
Felipe Fernandez Cuenca
Beatriz Mirelis
Ferran Navarro




Interpretive reading of the antibiogram

1.- To determine the susceptibility and resistance phenotype

ANTIBIOGRAM
2.- To infer the potential resistance mechanisg/behind the phenotype

3.- To predict the phenotype previously dgtermined,from the resistance
mechanism and to infer the activity gt the different antimicrobials
expressing the phenotype

Patrice Courvalin, ASM News, 1992

Susceptibility and resistance phenotype:

Conjunction of susceptibility testing results (MICs) of a microorganisms
for a group of antimicrobial agents, normally belonging to a single family
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Interpretive reading of the antibiogram

Requirements

Adequate identification of the micreorganism

Recognition of “intrinsic resistance” (expected pnehotype)

Analysis of susceptibility/reSistahce phenotype

Use of antimicrobials astmarkers of resistance mechanisms
Analysis of antibiotic+ inhibitor combinations

Determine quantitative susceptibility testing values (MIC / mm)
Use of high ineculum in certain situations

To know the-local epidemiology / trends in antimicrobial resistance
To implement ancillary tests and reference molecular techniques

Courvalin P. ASM News 1992;58:368-75; Livermore DM et al. J Antimicrob Chemother 2001;48(Suppl 1):87-102
Cantodn R. Enferm Infecc Microbiol Clin 2002; 20: 176-86; Cantdn R. Enferm Infecc Microbiol Clin 2010; 28:375-85;
Leclercq R et al. Clin Microbiol infect 2013; 19:141-60; Canton R et al. Enferm Infecc Microbiol Clin 2020;38:182-7


http://www.pockettorch.com/images/tetris.gif

Interpretive reading in Enterobacterales: identification

Relevance of bacterial identification

Antimicrobial

Ampicillin
Amox/clav
Ticarcillin
Piperacillin
Piper/Tazo
Cefuroxime
Cefoxitin
Cefotaxime
Ceftazidime
Cefepime
Ertapenem

a):tential phenoype

MIC (mg/L) Organisms
>064 E. coli
>32/16

>64

>32 Q_
2O
\85

E. cloacae

32 QE
16/4 ﬂ?
>64 K. pneumoniae ESBL + porin deficiency

AmpC hyperproduction
plasmid AmpC
ESBL + porin deficiency

ESBL

Canton R. Enferm Infecc Microbiol Clin 2010; 28:375-85



Intrinsic resistance — Expected phenotypes

EUCAST abandons the term "intrinsic resistance" in favor of "expected resistant phenotype"

" No agreed definition on intrinsic resistance that might change over time

" New definitions for a practical approach for the interpretation of 'susceptibility testing results

Unnecessary testing of antimicrobial for expected susceptible’and expected resistance phenotypes
A result which goes against the expected phenotype should be viewed with suspicion

= Expected susceptible phenotype

A very high proportion (>99%) of the population of amicroorganism exhibits MICs < S PK-PD breakpoint
The wild type populations should be considered™S” or “1”

Resistance is virtually (or absolutely) unknewn

Detection of such resistance must prompttrevision of identification or test results.

e.g. Streptococcus pyogenesand benzylpenicillin

= Expected resistant phenotype

The great majority (290%) of.wild type isolates exhibit MICs for an agent or a group of agents that are so
high (>R PK-PD breakpoint or'similar organisms) that the agent should not be considered for therapy

.g. Klebsiella pneumoniae and ampicillin, Haemophilus influenzae and linezolid,

https://www.eucast.org/eucast news/news_singleview/?tx_ttnews%5Btt news%5D=4808&cHash=e6a33871b9efef82225399f1a3ce0493 [last access 10/02/2026];
https://www.eucast.org/bacteria/important-additional-information/expected-phenotypes/ [last access 10/04/2026]

Gatermann S, Das S, Dubreuil L, Giske CG, Kahlmeter G, Lina G, Lindemann C, MacGowan A, Meletiadis J, Rossolini GM, Turnidge J, Cantén R.

Expected phenotypes and Expert Rules are Important Complements to Antimicrobial Susceptibility Testing. Clin Microbiol Infect. 2022 Mar 16:51198-743X(22)00146-X.
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Intrinsic resistance — Expected phenotypes: Enterobacterales

Rule Organisms
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Cefazolin,
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-8 Cefuroxime
Tetracyclines
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Polymyxin B,
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Fosfomycin
Nitrofurantoin

Citrobacter freundii*

Enterobacter cloacae complex

PAPd Il Cephalothin

Eschernichia hermannii

Hafnia alvei

R = additional resistances
considered CA-SFM*

Klebsiella aerogenes

Klebsiella pneumoniae complex
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*Comité de I’Antibiogramme de la SFM (CA-SFM)

V1.1 Juillet 2025
https://www.sfm-microbiologie.org/boutique/ comite-
de-lantibiogramme-de-la-sfm-ca-sfm-v1-1-juilet-2025/
[last access 10/02/2026]
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Intrinsic resistance — Expected phenotypes: Enterobacterales

Rule Organisms

clavulanic acid
Cefalexin, Cefadroxil

Amoxicilin-
Ticarcillin
Cefazolin,
Cefuroxime
Tigecycline
Polymyxin B,
Colistin
Fosfomycin

ps] Ampicillin-sulbactam
s} Cephalothin

P-4 Cefoxitin?

psl  Tetracyclines

pell  Nitrofurantoin

R = additional resistances
considered CA-SFM*

pelibslieslibel  Ampicillin/Amoxicillin

1.16 | Providencia stuartii

1.17 | Raoultella spp.

1.18 | Serratia marcescens R R R
1.19 | Yersinia enterocolitica R R R
1.20 | Yersinia pseudotuberculosis

1.21 | Aeromonas hydrophila R R

1.22 | Aeromonas veronii R R

1.23 | Aeromonas dhakensis R R

1.24 | Aeromonas caviae R R

1.25 | Aeromonas jandaei R R

*Comité de I’Antibiogramme de la SFM (CA-SFM)
V1.1 Juillet 2025
https://www.sfm-microbiologie.org/boutique/ comite-

de-lantibiogramme-de-la-sfm-ca-sfm-v1-1-juilet-2025/
[last access 10/02/2026]

https://www.eucast.org/bacteria/important-additional-

information/expected-phenotypes/ [last access 10/02/2026]
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ECOFF / ECV and clinical breakpoints

Ciprofloxacin / Escherichia coli
International MIC distribution - Reference database 2021-05-23
Based on aggregated distributions where each distribution has equal weight *

MIC distributions include collated data from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance

50

40

S R EUCAST/CLSI, 2026

20

10

% microorganisms (weighted numbers)

0
0.002 0.004 0.008 0.016 0.03 0.06 O°

MIC
Epidemioclogical cut-off (ECOFF): 0.064 mg/L
Wildtype (WT) organisms: = 0.064 mg/L

* The epidemiological cut-off value (ECOFF)
separates microorganisms without (wild type)
and with.acquired resistance mechanisms
(non-wild.type) to the agent

‘ https://mic.eucast.org/search/

Identical ECOFF / ECV in EUCAST and CLSI

= The clinical breakpoints are used to classify
microorganisms into clinical categories (S/1/R)
to predict clinical success/failure when testing
in vitro (antibiogram) an antimicrobial agent

Low level R mechanism High\level R mechanism
(gnr, gyrA single mutants) (qyrA, parC double mutants)

Not identical breakpoints categories and criteria
in CLSI and EUCAST



https://mic.eucast.org/search/

Intrinsic resistance — Expected phenotypes: Enterobacterales

% microorganisms (aggregated numbers)

Cefoxitin / Escherichia coli
International MIC distribution - Reference database 2026-02-10
Based on aggregated distributions

MIC distributions include collated data from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance

40

20

10

0.002 0.004 0,0080.016 0.03 006 0.125 0.25 0.5 1 2 4 8 16
MIC (mg/L)

32 64 128 236%,312

MIC
Epidemiological cut-off (ECOFF): 16 mg/L
Wildtype (WT) organisms: < 16 mg/L

Confidence intendal: 8232
92944 ohservations (26 data sources)

% microorganisms (aggregated numbers)

Cefoxitin / Morganella morganii
International MI€'distribution - Reference database 2026-02-10
Based on aggregated distributions

MIC distributions include collated data, from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance
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0.002 0.004 0.0080.016 0.03 0.06 0.125 0.25 0.5 1 2 4 g8 16
MIC (mg/L)

32 64 128 256 512

MIC
Epidemiological cut-off (ECOFF): 16 mg/L
Wildtype (WT) organisms: € 16 mg/L

Confidence interval: 8 - 32
182 observations (7 data sources)

https://mic.eucast.org/

Note in breakpoint table for cefoxitin
The cefoxitin cut-off value (8 mg/L) has a high sensitivity but poor specificity for
identification ofAmpC-producing Enterobacterales as this agent is also affected by
permeability alterations and some carbapenemases.

Classical non-AmpC producers are wild type, whereas plasmid AmpC producers or
chromosomal AmpC hyperproducers are non-wild type.

https://www.eucast.org/bacteria/clinical-breakpoints-and-interpretation/clinical-breakpoint-tables/
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Intrinsic resistance — Expected phenotypes — Expert rules — Enterobacterales

regated numbers)

Organisms Indicator Agent*

cefuroxime
other 2™ ge
cephalosp

N\

Enterobacter spp., cefuroxime
K. aerogenes, Citrobacter

freundii’, Serratia spp.,

Morganella morganii, Hafnia
alvei, Providencia spp.

Cefuroxime / Escherichia coli
International MIC distribution - Reference database 2026-02-10
Based on aggregated distributions
MIC distributions include collated data from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance
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MiC

Epidemiological cut-off (ECOFF): 8 mg/L Confidence interval: 8- 16

Wildtype (WT) organisms: < 8 mg/L 95990 observations (29 data sour

Internationa

MIC distributions include collated data multipl

furoxime / Enterobacter cloacae
C distribution - Reference database 2026-02-10
d on aggregated distributions

urces, geographical areas and time periods and can never be used to infer rates of resistance

0 I
0.002 0.004 0.0080.016 0.03 0.06 0.125 0.25 0.5 1 2 4 8
MIC (mg/L)
MIC

Epidemiological cut-off (ECOFF): 32 mg/L
Wildtype (WT)organisms: < 32 mgiL

16 32 64 128 256 512

fidence interval: 16 - 128
observations (15 data sources)

susceptible to cefuroxime, THEN
report cefuroxime and/or any other
2nd generation cephalosporin as
resistant

does not list cefuroxime
breakpoints for species other
than E. coli, P. mirabilis,
Klebsiella spp. (except

K. aerogenes) and Raoultella
spp., isolates may appear
susceptible in vitro but the MICs
tend to be higher than with the
mentioned species and therapy
with cefuroxime is not
recommended. In addition,
de-repressed mutants may be
selected as with a third-
generation cephalosporin.

Grade References
Although the breakpoint table

s://mic.eucast.org/

Expert rule

https://www.eucast.org/bacteria/important-additional-information/expert-rules/
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Interpretive reading of the antibiogram: antimicrobials

Enferm Infecc Microbiol Clin. 2020;38({4):182-187
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Review article
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Interpretive reading in Enterobacterales: antimicrobials

Propuesta de inclusion de antimicrobianos (Procedimiento microbioldgico, 2026)

Categoria A Categoria B Categoria C Categoria D Categoria E
Deben estudiarse e Deben estudiarse de manera| Deben estudiarse e Reconmendados para | Deben estudiarse, pero no
informarse de forma rutinaria e informarse de informarse de forma | su estudio e informe | informar, utiles en la deteccion
rutinaria forma selectiva selectiva rutinario en orina | de mecanismos de resistencia
Ampicilina Ceftazidima—avibactam Temocilina /'\V'Cefazolina Piperacilina
Amoxicilina-ac. clavulanico  Cefiderocol Ceftolozano-ta:eM Cefixima Ticarcilina
Piperacilina-tazobactam Aztreonam Aztreonam-A\’éhag’am Norfloxacino Temocilina
Cefuroxima Imipenem Imipene%lebactam Fosfomicina Cefoxitina
Ceftazidima Meropenem Me@‘n-vaborbactam Nitrofurantoina Pefloxacino
Cefotaxima Minociclina M{acino
Cefepime ég‘tromicina
Ertapenem /) '\ Eravaciclina
Ciprofloxacino /‘\v Tigeciclina
Gentamicina \U Cloramfenicol
Tobramcina KN J Colistina
Amikacina \\

v

Trimetoprim—sulfametoxazol

Arca-Sudrez J, Canton R, Larrosa Escartin N, Lopez-Calleja Al, Rivera A. Lectura interpretada del antibiograma de bacilos Gram-negativos Enterobacterales (in press)



Interpretive reading of the antibiogram: K. pneumoniae

Antibiotic MIC Interpre-
(mg/L) tation

T ‘h:,,- o MIC Interpre_ MIC Interpre-
Antibiotic .

Amoxi-clav <4/2 Amoxi-clav <4/2 %
Piper-tazo <8/4

S

S

S

S

S - Ceftazidime v

S Cefepime
Aztreonam <0.06 S Aztre ?\

S

S

S

S

Piper-tazo <8/4

Cefuroxime <0.5
Cefotaxime <0.06

Ceftazidime <0.06

Cefepime <0.06 S
S
Ceftol-Tazo <0.5/4 C S
Cefta-avib <0.5/4 a-avib S Cefta-avib
Ertapenem <0.5 -- _--
Imipenem <0.5 Imipenem <0.5 _--
Meropenem <0.5 Meropenem <0.5 S Meropenem
Wild type ESBL Carbapenemase

EUCAST, 2020 interpretive criteria (www.eucast.org)


http://www.pockettorch.com/images/tetris.gif

Interpretive reading of the antibiogram: K. pneumoniae

K. pneumoniae K. pneumoniae BLEE (+)




Interpretive reading of the antibiogram: K. pneumoniae

P MIC in mg/L (clinical interpretation)

Antblotic Widtype | vimt | S| KPC23 | KPC2Bmutants | OXA48 | Nt
Amoxicillin >16 (R) >16 (R) >16 (R) >16 (R) v>16 (R) >16 (R) >16 (R)
Amox./clav. <4/2 (S) >16/2(R) >16/2(R) >16/2 @ >16/2 (R) >16/2 (R) >16/2 (R)
Pip./taz. <16/4 (S) R >64/4 (R) >64/4 (R) >64/4 (R)
Cefuroxime 8 (S) >16 (R) 8 (S) >16 (R)
Cefoxitin <8(S) (R) 16 (R) <8 (S) 16 (R)
Cefotaxime <1(S) (R) >16 (R) <1(S) >16 (R)
Ceftazidime <1(S) R >8 (R) >8 (R) <1 (S) >8 (R)
Ceftazidime-avibactam <1/4 (S) - <1/4 (S) >8/4 (R) <1/4 (S) <1/4(S)
Cefepime <1(S) : ) 8 (R) <1(S) 8 (R)
Aztreonam <1(S) R) >16 (R) <1(S) >16 (R)
Aztreonam-avibactam <1/4(S) <1/4 (S) >16/4 (R) 2/4 (S) 2/4 (2)
Imipenem <0.5 (S) R) <2 (S) 8 (R) 8 (R)
Imipenem-relebactam <0.5/4 (S) (S) <2/4 (S) 8/4 (R) 8/4 (R)
Meropenem <0.5 (S) R) <2 (S) 8 (1) 8 (1)
Meropenem-vaborbactam <0.5/8 (S) (S) <2/8 (S) 8/8 (S) 8/8 (S)
Ertapenem <0.5 (S) 5 (R) >0.5 (R) >0.5(R) >0.5 (R)
Cefiderocol <0.25 (S) ) 1(S) 0.5 (S) 0.5(S)

Following EUCAST, 2024 interpretive criteria (www.eucast.org)


http://www.pockettorch.com/images/tetris.gif

Emergence of KPC-variants ceftazidime/avibactam resistant

Klebsiella pneumoniae ST307

Hernandez-Garcia M et al. J Clin Microbiol. 2022 Mar 16;60(3):e0224521




Emergencia de variantes KPC con resistencia a ceftazidima-avibactam

Fenotipos debidos a mutaciones KPC implicadas en la resistencia‘a la ceftazidima-avibactam
(expresadas en Escherichia coli)

KPC-3 ESBL-like phenotype Highl\f_}spgclg_l'i;_;d activity on KPC-like phenotype
(KPC-74) ceftazidime (KPC-66) (KPC-29)

Hobson CA et al. Antimicrob Agents Chemother. 2022 Sep 20;66(9):e0044722



New beta-lactamases conferring resistance to ceftazidime-avibactam

Journal of Global Antimicrobial Resistance 4G (2026) 46-48

Contents lists available at ScienceDirect

Antibiotic Interpretation
Plpera&@zobactam R

Journal of Global Antimicrobial Resistance

journal homepage: www.elsevier.com/locate/jgar

SEVIER . v
, — : Cejemt%a S
Letter to the Editor Sandra Yamile Saavedra®, Efrain Montilla-Escudero, Maria vA
Victoria Ovalle, Jeisson Alejandro Triana, Yeison Stid Torres, .
Nathalia Vargas-Flérez, Maria Alejandra Gutiérrez, Andrés Ime R
A novel plasmid-mediated PAC B-lactamase (PAC-2) Felipe Barrera
va!r:;a;i'nt"conferssi res:stancie to ceftazi:limf-avli:;actam in . Grupo de Microbiologia, Subdireccion Laboratorio Nacional de ¥a2|d ime R
L‘difm“ in:'G':‘::f pueumoniae ST526 in Colombia Referencia, Direccion Redes en Salud Piiblica, Instituto Nacional de
i Salud, Bogotd, Colombia | |
Diego Armando Garcia CEfepI me R
Laboratorio Departamental de Salud Piiblica de Santander,
Bucaramanga, Colombia Aztreonam S
Héetor Amaya
Servicio de infectologia, Foscal Internacional, Florilablanca, Colombia Ceftolozane/ta 70 ba ctam R
Carolina Duarte
Grupo de Microbiologia, Subdireccién Labaratorio Nacional de A H H
Referencia, Direccion Redes en Salud Piibliea, Instituto Nacional de CeftaZIdlme/aVIbaCtam (>256 mg/l) R
Salud, Bogotd, Colombia .
Imipenem S
" PAC-2 shares 99% identity with PAC-1 anddiffers by three Meropenem S
substitutions in its amino acids (K44Q, E309A, and N339K) = -
rrapenem

= PAC-1: 65% sequence identity with,the AmpC from Cronobacter
turicensis (formerly Enterobacter sakazakii) and 47% with the
AmpC enzyme from Pseudomanas aeruginosa PAO1 (PDC-1)*

*Bour M, et al. Acquisition of class C B-lactamase PAC-1 by ST664 strains of Pseudomonas aeruginosa. Antimicrob Agents Chemother. 2019 Sep 9;63(12):e01375-19.



Emergencia de variantes KPC con resistencia a ceftazidima-avibactam

Mecanismos de resistencia a Ceftazidima — avibactam (CZAy

I
|

Enzimaticos

|

Metalobetalactamasas KPC Mutantes BLEE Mutantes

. AmpC

I | I

Ej: NDM, VIM, IMP Principalmente derivadas o CTXM it !
de KPC-2 y KPC-3 i o

|
] = GES-26 + GES{19
Aislamientos e
sensibles CZA -

Perfil cefalgsporinasa

|
Modificaciones en KPC
resistencia a CZA

Perfil carbapenemasa,

Resistencia a
Carbapenémicos (var) y a,
los otros betalactamicos
(KPC-31)

Perfilcefalosporinasa

Sensibilidad
a carbapenémicos y en
general resistencia a los
otros Betalactamicos
(KPC-197)

¥ PAC-1
*+ CMY-2 mutantes.

* Sobreexpresion de
AmpC

Perfil cefalosporinasa

Combinacion de
mecanismos

Alteracion de
porinas
+
Sobreexpresion de
bombas de
expulsion

Betalactamasas

Cortesia de German Esparza (Colombia)



AmpC - Enterobacter cloacae

fenotipo inducible fenotipo desrreprimido

Servicio Microbiologia. Hospital Universitario Ramdn y Cajal



Interpretive reading in Enterobacterales: Beta-lactams

Enterobacterales grupo | (productores de AmpC inducibles): Enterobacter cloacae€omplex, Klebsiella aerogenes,
Citrobacter freundii, Serratia marcescens, Morganella morganii, Providencia spp., Hafnia alvei y Yersinia enterocolitica

AMP PIP/TAZ CEF FOX CXM CTX FEP ATM IMI CAZ/AVI MEV IMR AZA FDC Interpretation
AMX-CLAV CAZ MEM
S S R S r S S S S S S S S S WT (AmpC basal)
R S R r/R r/R S S S S S S S S S WT (AmpC inducible)
R r/R R r/R R r/R S R S S S S S S AmpC desreprimida
R S/r R r/R R r/R S/r/R R S S S S S S BLEE + AmpC inducible
R R R r/R R R S/r/R R S S S S S S BLEE+ AmpC desreprimida
R R R R R R R R R S S S S S Carbapenemasa Clase A (KPC)
+ AmpC inducible
R R R R R R R S r/R R R R S S/r Carbapenemasa Clase B (NDM, VIM)
+ AmpC inducible
R R R R R S/r/ S/r/R /R r/R S r/R r/R S S Carbapenemasa Clase D (OXA-48)
R + AmpC inducible
R R R R R R r/R S/r/R r/R S/r/R r/R r/R S S/r Carbapenemasa + AmpC desreprimida
R R R R R R R R R R R R S/r S/r Carbapenemasa Clase B + Clase D +
AmpC inducible/desreprimida AmpC
BLEE: betalactamasa de espectro-extendido;
AMP, ampicilina; AMX/CLAV, amoxicilina/clavulanico; RIP/TAZ, piperacilina/tazobactam; CEF, cefalotina; FOX, cefoxitina; CMX, cefuroxima; CTX, cefotaxima; CAZ, ceftazidima; FEP, cefepima; ATM,
aztreonam; IMI, imipenem; MEM, meropenem; CAZ/AVI, ceftazidima/avibactam; MEV, meropenem/vaborbactam; IMR, imipenem/relebactam; AZA, aztreonam/avibactam; FCD, cefiderocoal;
R, resistente; r, CMI elevada o reducido halo de inhibicion; S, sensible; WT, fenotipo salvaje

Arca-Sudrez J, Canton R, Larrosa Escartin N, Lépez-Calleja Al, Rivera A. Lectura interpretada del antibiograma de bacilos Gram-negativos Enterobacterales (in press)


http://www.pockettorch.com/images/tetris.gif

Cooperative pathways of resistance mechanisms

B-lactam
" antibiotic

Porin mutations

restrict antibiotic Upregulation of RND-
entry type efflux pumps

(odbbosedododosassdedadaioeel “W#ﬁ# I I Lo s S deded

‘»

T I ININT. b g a.uu...i.mi...am
Mutations to PBP1a/b and B-lactamases and

PBP3 prevent B-lacta upregulation of B-
antibiotic bindinggO lactamase enzymes

Imagen extraida de Hardie Boys MT, eNx Antimicrob Agents. 2025

Normally higher level of expression

Hardie Boys MT, Pletzer D. A review of recently discovered mechanisms of cephalosporin resistance in Pseudomonas aeruginosa. Int J Antimicrob Agents. 2025;66(2):107527.



Interpretive reading in Enterobacterales: Beta-lactams

Mechanisms of resistance to new B-lactams and combinations of B-lactams/B-lactamase inhibitors

Antimicrobial

Mutations in
B-lactamases

Increase in the

number of

b!a(fﬁltﬂe\FHNIiM.ﬂSFJHHB[.

copies

Association of

BlacARBAFENEMASE

and bfaﬁSm_.mmC

Mutations in
porins
(OmpC/F or
OmpK35/36)

Overexpression
of expulsion

pumps

PBP2

maodifications

PBP3

maodifications

Siderophore

mutation

DBO (Diazabicyclooctanes)

Aztreonam/avibactam

Ceftazidime/avibactam -

Imipenem/relebactam

Meropenem/nacubactam

Aztreonam/nacubactam

S,

Cefepime/zidebactam

Cyclic boronate

Meropenem/vaborbactam

Cefepime/taniborbactam

Meropenem/xeruborbactam

Ceftibuten/ledaborbactam

Penicillanic acid sulfone

Cefepime/enmetazobactam

N

Siderophore cephalosporin

Cefiderocol

Mechanism does not affect

Mechanism conferring resistance
in combinations with others

_ Mechanism conferring resistance

No available data (there is no

clinical trial or use)

Delgado-Valverde M, et al. Mechanisms of resistance to newer drugs against Gram negative bacteria in Enterobacterales. Clin Microbiol Infect. 2026. Jan 7:51198-743X(25)00653-6.




Emergence of Enterobacterales with PBP3 modifications

Antimicrobial Agents
and Chemotherapy

] AMERICAN
=3 SOCIETY FOR

MICROBIOLOGY

Check for
updates |

Detection of cefiderocol and aztreonam/avibactam resistance in
epidemic Escherichia coli ST-361 carrying blanppm-5 and blakpc-3
from foreign fighters evacuated from Ukraine

3 | Epidemiology | Short Form

Melissa J. Martin,’ Ting L. Luo,' Valentyn Kovalchuk,” Viacheslav Kondratiuk,® Henry D. Dao,"” Iryna Kovalenko,” Brandon J. Plaza,*
Joanna M. Kettlewell,* Cole P. Anderson,* Jason R. Smedberg,* Ana C. Ong,' Yoon |. Kwak,' Joshua S. Hawley-Molloy,” Jason W.
Bennett,' Patrick T. McGann,' Francois Lebreton’

JAC-
Antimicrobial
Resistance

JAC Antimicrob Resist
https://doi.org/10.1093/jacamr/dlae147

Emergence of high=level aztreonam-avibactam and cefiderocol
resistance following treatment of an NDM-producing Escherichia coli
bloodstream isolate exhibiting reduced susceptibility to both agents

at baseline

Ghady Haidar'?, Ellen G. Kline!, Georgios D. Kitsios**, Xiaohong Wang**, Eun Jeong Kwak!, Anthony Newbrough?,
Kelly Friday?, Kailey Hughes Kramer! and Ryan K. Shields & 1%->*

E. coli ST361
blaypw.s, blaypc.s, bIO cry .15, rMtBI

blacyy.145s AmpC + PBP3 (YRIN insertion)

FDC (4->16 mg/L) + ATM-AVI (4/4-216/4 mg/L)

E. coli ST361
blaypy.s, bla cyy.145 PBP3 (YRIN insertion)

FDC (8 mg/L) + ATM-AVI (16/4 mg/L)

blaypms, blAcyy 14511398 n366v), PBP3 (YRIN insertion, A417V)
FDC (32 mg/L) + ATM-AVI (> 128/4 mg/L)

Martin MJ et al. Detection of cefiderocol and aztreonam/avibactam resistance in epidemic
Escherichia coli ST-361 carrying blaypy.s and blay,c 5 from foreign fighters evacuated from
Ukraine. Antimicrob Agents Chemother 2024 Nov 6;68(11):e0109024.

Haidar G et al. Emergence of high-level aztreonam-avibactam and cefiderocol resistance following
treatment of an NDM-producing E. coli bloodstream isolate exhibiting reduced susceptibility to both
agents at baseline. JAC Antimicrob Resist. 2024 Sep 5;6(5):dlae141.




Interpretive reading in Enterobacterales: aminoglycosides

Acquired resistance mechanisms Fenotipo |Enzima/mecanismo | S |[SphK | A |G |Nt| T | Nm
St APH(3”) RSYS|S|S|S]|S S
St Sp ANT(3”)(9) N s[s|s|s|[s] s
G AAC(3)- S|YS|S|S|R|s|slr| S
K APH(3’)-l S|S|R|S|S|S]|S R
Klebsiella pneumoniae KA APH(3’)-VI s[s|R[R][s]|s|[s]|R
Antimicrobial e . GT AAC(3)-VI¥ S|S|S|S|R|sIFr|[R| S
e (mglL) Interpretation TKA ANT(4’)-ll S|S|IR|IR|S|S|R]| S
= G T Nt AAC(2’)-
Gentamicin <2 S
I l- AAC(3)-IV S|S|S|S|R|R|R]|] R
Tobramycin >8 R
o KGT ANT(2”)-l S|S|R|S|R|S]|Tr S
Amikacin 8 S
KTANt._|AAC(6’)-I S|S|R|r|S|R|R| S | <
K T'G Nt |AAC(3)-II S|S|R|S|R|R|R]| S
gy
KT,GA Nt Irrlpermeablllty + RIRIRIRIRIRIR]I R
different enzymes
KTG A Nt|Metilasas (ArmA,...)| S| R| R|R|R|R|R S

*= AAC(3)-lla

Bush K, Miller GH. Bacterial enzymatic resistance: beta-lactamases and aminoglycoside-modifying enzymes. Curr Opin Microbiol. 1998; 1:509-15; Wright GD. Aminoglycoside-modifying enzymes.
Curr Opin Microbiol. 1999; 2:499-503; Azucena E, Mobashery S. Aminoglycoside-modifying enzymes: mechanisms of catalytic processes and inhibition. Drug Resist Updat. 2001; 4:106-17; Navarro F,
et al. Lectura interpretada del antibiograma de enterobacterias [Interpretive reading of enterobacteria antibiograms]. Enferm Infecc Microbiol Clin. 2010; 28:638-45. Ramirez MS, Tolmasky ME.
Aminoglycoside modifying enzymes. Drug Resist Updat. 2010; 13:151-71. Zhang Y, et al. The prevalence and distribution of aminoglycoside resistance genes. Biosaf Health. 2023; 5:14-20.
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Interpretive reading in Enterobacterales: aminoglycosides

Acquired resistance mechanisms Netilmicin (R)

Tobramycin (R)

Gentamicin (S)

Neomycin (S)

AAC(6’)-]

Amikacin (S)
HoM, OH OH
HOCH,,,,

Kanamycin (R)
HO

-,'-.'t"'NHE

ez H, OH
)

LR Hd e

H, NCH HMCH,



Interpretive reading in Enterobacterales: aminoglycosides

Acquired resistance mechanisms  |Fenotipo |Enzima/mecanismo | S |Sp\K | A |G [Nt| T | Nm
St APH(3") R[s|[s[s[s[s|[s]| s
St Sp ANT(3”)(9) RIR[sS[s[s[s]s]s
A N T( 2” )_ | G AAC(3)-I S|S|[S|S|R|si|sir|] S
K APH(3')-l S|Ss|R|S|[S|[S|S|R
KA APH(3)-VI s|{s|[R[R[s[s[sS|R
. ) GT AAC(3)-VI¥ S|S|S|S|R|sF|[]R]| S
Escherichia coli TKA _ |ANT@)l S|[S[R[R|[S|[S|R]| s
Antimicrobial MIC ’
agent (gl Interpretation G TNt ﬁzgg))-lil S|IS|IS|IS|IRIRI|R R
Gentamicin >8 R KGT AI‘T(Z”H S|IS|R|S|R|S]|Tr S G
Tobramycin 4 I KT ANt |AAC(6')-1 S|S|R|r|S|R|R| S
el : > KTGNt |AAC(3)-I s|s[R[s[R]R][R] s
KT.G A Nt Irrlpermeability + RIRIRIRIRIRIR R
different enzymes
KTG A Nt|Metilasas (ArmA,...)| S| R| R|R|R|R|R S

*= AAC(3)-lla

Bush K, Miller GH. Bacterial enzymatic resistance: beta-lactamases and aminoglycoside-modifying enzymes. Curr Opin Microbiol. 1998; 1:509-15; Wright GD. Aminoglycoside-modifying enzymes.
Curr Opin Microbiol. 1999; 2:499-503; Azucena E, Mobashery S. Aminoglycoside-modifying enzymes: mechanisms of catalytic processes and inhibition. Drug Resist Updat. 2001; 4:106-17; Navarro F,
et al. Lectura interpretada del antibiograma de enterobacterias [Interpretive reading of enterobacteria antibiograms]. Enferm Infecc Microbiol Clin. 2010; 28:638-45. Ramirez MS, Tolmasky ME.
Aminoglycoside modifying enzymes. Drug Resist Updat. 2010; 13:151-71. Zhang Y, et al. The prevalence and distribution of aminoglycoside resistance genes. Biosaf Health. 2023; 5:14-20.
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*= AAC(3)-IIa


Interpretive reading in Enterobacterales: aminoglycosides

Acquired resistance mechanisms

Neomycin (S) Tobramycin (l/r— R)

Kanamycin (R)

ANT(2”)-]

Amikacin (S)

AAC(2Y

Netilmicin (S)

Gentamicin (R)

: 0 4
H 11 ! d . i
/: HQNHZCHZCH(I:CHN : . Still open to enzymatic attack
| OH |
AACH) o ot :
This side chain protects amikacin from attack by AAC(3, 2°), APH (¥, 2"), & ANT (2") - by steric hindrance or folding. Cy, -H -

G, -CH, s eo gl attac - i :
C, H -NHCH, These sites all open to attack from aminoglycoside modifying enzymes

Modified from Antimicrob Agents Chemother 1999;43:727-37 Modified from Antimicrob Agents Chemother 1999;43:727-37



Interpretive reading in Enterobacterales: aminoglycosides

= Providencia stuartiispp. constitutively expressed the chromosomal aminoglycoside enzyme
AAC(2')-1a
- this enzyme can be variably expressed
- mutations can result in over-production of the enzyme
- do not confer resistance to amikacin (and kanamycin)

Aminoglyc. MIC (mg/L)

Low-level | High-level

GEN 4-8 >8
TOB 4-8 >8
AMK <4 <4

Macinga DR, Rather PN. The chromosomal 2'-N-acetyltransferase of Providencia stuartii: physiological functions and genetic regulation. Front Biosci. 1999 Feb 1;4:D132-40.



Interpretive reading in Enterobacterales: fluoroquinolones

Relevance/incidence
Gene “Gram (+) Gram (-) Expression

Topoisomerase modifications

- gyrA mutations Cr + ++++
- parC mutations Cr +++/++ + low / high
- mosaic gyrA, parC genes Cr + -

Reduction to target access

- porin modification Cr — +
- efflux system: AcrAB, .. Cr ++ ++ low
QepA Pl — +

Target protection
- Qnr proteins (QnrA, QnrB, QnrS) Pl — +/— low

Quinolone modification
- AAC(6’)-Ib-cr Pl — +/— low

Cattoir V, Nordmann P. Plasmid-mediated quinolone resistance in gram-negative bacterial species: an update. Curr Med Chem. 2009; 16:1028-46; Hooper DC, Jacoby GA. Mechanisms of drug resistance: quinolone
resistance. Ann N Y Acad Sci. 2015; 1354:12-31. Hooper DC, Jacoby GA. Topoisomerase Inhibitors: Fluoroquinolone Mechanisms of Action and Resistance. Cold Spring Harb Perspect Med. 2016 Sep 1;6(9):a025320.



Interpretive reading in Enterobacterales: fluoroquinolones

Expression of fluroquinolone resistance mechanisms in E. coli

Y
Mutation in: g/ml)

gyrA  parc  EMUX AL LEV MOX

: : : §/ 0.06 0.06

+ : : gJ 0.5 1

: + % 0.01 003 0.2

o >1024 1 2 2

+ % 3251024 2 4 4
SO >1024 64 32 32

% >1024 256 64 128
CIP: ciprofloxacin; LEV: levofloxacin; MOX: moxifloxacin

Modified from Schedletzky et al. J Antimicrob Chemother, 1999 34 (Suppl B):31-7
Saenz et al. J Antimicrob Chemother 2004; 51:1001-5
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CIP: ciprofloxacin; LEV: levofloxacin; MOX: moxifloxacin



Interpretive reading in Enterobacterales: fluoroquinolones

NALS and CIPS

(_//‘] Wild type E. coli

NALR and CIP®

(_//‘] E. coli with a gyrA mutation

NALR and CIPR

(ﬂ E. coli with a gyrA mutation
and a parC mutation

Procedimientos en Microbiologia Clinica n2 38. SEIMC, 2011



Interpretive reading in Enterobacterales: fluoroquinolones

Escherichia coli phenotypes
Low level fluoroquinolone resistance (NAL%' and CIP$/!)

: MIC (mg/L)
Resrllsta.nce = MICs not always higher than ECOFF (16 mg/L) for
TOANSTS NAL - CP LEV. MOX nalidixic4cid
Wild type 24 0.008-0.02 0.08-1 0.03 = MICs for ciprofloxacin higher than ECOFF (0.032 mg/L)

but lower than S breakpoint (0.5 mg/L)
QnrA 8-32 0122 02505  0.5-1

QniB 16 0.25-1 05 1-2?§

QnrS 8-32 0.12-0.5

AAC(E')-Ib-cr - 0.08 0.06(%-
QepA 1-2 0.25 0.0 0.06-0.09
NAL: nalidixic acid; CIP: ciprofloxad%v: levofloxacin; MOX:

moxifloxacin

www.seimc.org

Robisek et al. Nat Med 2006; 12:83-88
Robicsek et al. Lancet Infect Dis 2006; 6:629-40
Yamane et al. Antimicrob Agents Chemother 2007; 51:3354-60
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		AAC(6’)-Ib-cr

		--
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		0.08

		--



		

		

		

		

		



		QepA

		1-2
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		0.03-0.06

		0.06-0.09





NAL: nalidixic acid; CIP: ciprofloxacin; LEV: levofloxacin; MOX: moxifloxacin



Interpretive reading in Enterobacterales: fluoroquinolones

Pefloxacin 5 pyg vs. CiprofloxacinMIC
Salmonella spp., 268 isolates (1491 correlates)

180
MIC
160 (mgiL)
=16
140 =8
. :} European Committee E 120 m4
EU CAST on Antimicrobial = m2
Susceptibility Testing 2 100 a1
g |
2 go @05
About EUCAST Bacteria Mycobacteria (AMST) Fungi (AFST) VetCAST Industry Education w5 ' 00.25
2 60 - : q 00.125
Back to EUCAST News 40 A ©0.06
. N l‘ @0.03
20 I ’ = ®0.016
o B L I I i = 0.008
. . . . . © ©o O of ¥ W W o o T ©O W 9 o © @ o
Pefloxacin screening for fluoroquinolone resistance in Enterobacterales = Y=g o 88 I 8 8 F I 83 9
Inhibition zone diameter (mm)
Q7 October 2025 | Bacteria Breakpoints
] ] . ) ) ] Ciprofloxacin MIC $=0.06, R>0.06 mg/L
Fluoroguinolone breakpoints are under review. Shortly there will be a public consultation. Pefloxacin zone diameter (screen) 8224, R<24 mm
Since industry and users sometimes complain that EUCAST fails to warn of upcoming changes we now emphasize that (a) a change is coming, (b) Ot h e r E nte ro b a Cte ra I e S
breakpoints will be reduced further and that (c) screening for fluoroquinolone resistance using pefloxacin will be an integral part of proposed . . .
changes. We urge laboratories and manufacturers to familiarise themselves with the pefloxacin screen test (already described in the EUCAST Pe.ﬂoxac'“ 5 I-lg VS. FQ res |5tance me‘:hanlsm 4
:‘reEt ym'" r::::ie::;r;s entericaand Vibrio spp). Also contact your suppliers of material to ensure that they are ready to Sa’mone"a spp_, 1 68 isolates (1 391 correlates) ( Com In g SO On )
) 160
EUCAST has checked with several major suppliers, and pefloxacin availability is secured for the foreseeable future. 140 -
1
https://www.eucast.org/news-detail/pefloxacin-screening-for-fluoroquinolone- 120 | i
resistance-in-enterobacterales/ g ' Resistance
= 100 1 mechanism
1
[ ! B aact
| 1
% 80 : B QRDR
S 60 - ' ognr
2 ! mnone
40 - !
I
1
20 | '
I if
0-m le SR ;
© ° 2 8 ¥ 228 88 KRS Y I 8BS
Inhibition zone diameter (mm)
https://www.eucast.org/bacteria/development-of-clinical-breakpoints-and- Breakpoints

ecoffs/mic-zone-diameter-correlations/ Zone diameter (screen)  S224, R<24 mm
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Interpretive reading in Enterobacterales: fluoroquinolones

Mecanismo de Sustituciones Tipo de Efecto molecular Impacto esperado CMI  Patrdn caracteristico
resistencia frecuentes mutacion respecto E. coli WT
Cambio simple en GyrA: Gananciade Disminuye afinidad Aenalidixico: Resistencia a
region QRDR Ser83Leu funcion de quinolonas por 4 mg/k.—~ =256 mg/L ac. nalidixico.
ADN-girasa 0 ADN- ¢ _Ciprofloxacino: 0,008
ParC: Ser80Arg topoisomerasa mg/L — 0,25 mg/L Elevacion CMI de
ciprofloxacino y
levofloxacino puede ser “I”
Acumulacion de Combinacion de Ganancia de Reduccion de union Ac. nalidixico Resistencia alto nivel
cambios en QRDR cambios. ej.. funcion a.varias dianas: =256 mg/L a quinolonas
GyrA Ser83Leu + GyrA ADN,girasa y ADN Ciprofloxacino
Asp87Asn + ParC foposiomerasa 0,008 mg/L — 2 mg/L
Ser80Arg
Hiperproduccion Mutaciones inactivantes  Pérdida'de, Expulsion activa de Ciprofloxacino Resistencia bajo nivel
de AcrAB-TolC en genes reguladores funcion quinolonas del 0,008 mg/L — 0,0032 Resistencia alto nivel al
negativos de AcrAB-TolC interior celular mg/L combinar con otros
(acrR, marR)
Inactivacion/  Pérdida de OmpF/OmpC. ~Pérdida de Disminucion - Bajo nivel resistencia
disminucidén funcién entrada quinolonas Resistencia alto nivel al
expresion porinas al interior celular combinar con otros

Arca-Sudrez J, Canton R, Larrosa Escartin N, Lépez-Calleja Al, Rivera A. Lectura interpretada del antibiograma de bacilos Gram-negativos Enterobacterales (in press)



Interpretive reading in Enterobacterales: fluoroquinolones

Mecanismode  Sustituciones  Tipode Efecto molecular Impacto esperado CMI Patrén caracteristico
resistencia frecuentes mutacion respecto E. coliWT
Qnr qnrA, qnrB, qnrS - Proteccion de Ac. nalidixico: Resistencia a fluoroquinolonas.
girasaltopoisomer 4 mg/L —. 16'mgfk Afecta menos a ac. nalidixico que a
asa Ciprofloxacino: fluoroquinolonas.

0,008 mg/le—0,25 mg/L  Contribuye a resistencia de alto nivel al
combinar con otros mecanismos.

Aac(6')-Ib-cr aac(6')-1b-cr - Acetilacion de Ciprofloxacino: Resistencia bajo nivel fluoroquinolonas.
fluoroquinolas 0,008 --> 0,032 mg/L Contribuye a alto nivel al combinar con
otros mecanismos
QepA qepA - Expulsion-activa Ciprofloxacino: Resistencia bajo nivel fluoroquinolonas.
de quinolenasdel  0,008-—0,0032 mg/L  Contribuye a alto nivel al combinar con
interioreelular otros mecanismos
OqgxAB 0QxA, ogxB - Expulsion activa - Resistencia bajo nivel fluoroquinolonas.
de‘quinolonas del Contribuye a alto nivel al combina con
Interior celular otros mecanismos
Combinacion de qnr/aac(6')-Ib-cr - Sinergia que Ciprofloxacino > 4 mg/L Resistencia alto nivel quinolonas.
PMQR + QRDR  + gyrA/parC aumenta
resistencia

Arca-Suarez J, Canton R, Larrosa Escartin N, Lopez-Calleja Al, Rivera A. Lectura interpretada del antibiograma de bacilos Gram-negativos Enterobacterales (in press)



Interpretive reading in Enterobacterales: trimethoprim-sulfamethoxazole

Mecanismo de Genes implicados Efecto CMI (mg/L)*
resistencia P molecular TMP SMX+TMP

. . Inhibicién de 3 0,25-1 <2/38
DHPS y DHFR g‘(s) (S) (S)
Mutaciones folP DHPS 9 12-1024 0,25-1 2/38-4/76
—— _ (cromosomico) modificada (R) (S) (R)
——— sul1, sul2, sul3 DHPS >1024 0,25-1 2/38-4/76
— SMX . .
S (plasmidico) alternativa (R) (S) (R)
syntnetase l'* s Hiperproduccion de  Competencia >512 0,25-1 <0,5/9,5-4/76
R— — ‘ PABA con SMX (R) (S) (S-R)
[ 3 Mutaciones folA DHFR 32-128 4-8 <0,5/9,5-4/76
PR, g TMP (cromosdmico) modificada (S) (R) (S-R)
. | [ dfrA 'y variantes DHFR 32-128 32-128 2/38-4/76
reductase l“ — Wasenis. (plasmidico) alternativa (S) (R) (R)
1 i > > >
Tewanychoole acd (THE) SMX+TMP s ama Sintesis normal 21024 2 64 2 8/152
' del folato (R) (R) (R)
- ':cl.“'m’ SMX: sulfametoxazol, TMP; trimetoprim; SMX+TMP: cotrimoxazol;
/ \ *Puntos de corte de'EUCAST.
_ 1 \., TMP (solo enjinfeccién urinaria no complicada para E. coli'y Klebsiella spp., excepto K. aerogenes): Sensible < 2mg/L, Resistente >2 mg/L;
“"T“" i "‘2’_";,’:‘ SMT+TMP(excepto Serratia spp.): <0.5 mg/L, sensible >0.5 mg/L. Para S. marcescens: <0.001 mg/L, sensible >0.5 mg/L.
ol la I-met - IRNA No existen punto de corte a SMX (ECOFF <64 mg/L)
gqﬂl Huovinen P. Increases in rates of resistance to trimethoprim. Clin Infect Dis. 1997 Jan;24 Suppl 1:563-6. doi: 10.1093/clinids/24.supplement_1.s63.
. Then RL. Mechanisms of resistance to trimethoprim, the sulfonamides, and trimethoprim-sulfamethoxazole. Rev Infect Dis. 1982 Mar-Apr;4(2):261-9. doi:
10.1093/clinids/4.2.261.




Interpretive reading in Enterobacterales: fosfomycin

Mecanismos de resistencia adquiridos a fosfomicina y expresion fenotipica

International MIC distribution - Reference database 2026-02-11

Fosfomycin / Escherichia coli

fors include

% microorganisms (aggregated numbers)

FFI: 4 mgrL
b mg/L

es,

Based on aggregated distributions

nd time periods and can never be used ta infer

MIC (mg/L)

rates of resistance

Aoy Mecanismo de resistencia Microorganismo lLocalizacion Fenotipo
afectado g (CMI fosfomicina)
Wildtype 1 _ E. obli i 0.125 - 4 mg/L
Transporte | Mutaciones en genes glpT y/o uhpT
reducido Mutac!ones en genes reguladores de glpT y/o uhpT E coli Crom 64-256 mglL
Mutaciones en genes cyaA y ptsl (regulan cAMP
necesario para la expresion de glpT)
Cambios en Mutac )
ladianaoen |, oconesenmiA - E. coli Crom 64-512 mglL
| Incremento de la expresion de murA
su expresion
Inactivacion Metalpenzmas (FosA, FosA2-A6, etc)i incorporan Enterobacterales PI/Crom
glutation , 256-1024 mg/L
E. coli PI/Crom

Fosforil-transferasas (FosC2): incorporan monosfato

'Algunas Enterobacterales (Serratia marcescens, Klebsiella spp., Enterobacter spp, Kluyvera spp, etc.) tienen genes cromosémicos homoélogos de

fosA cuya expresion reduce la sensibilidad de fosfomicina (0,5-256 mg/L)

Diez-Aguilar M, Cantdén R. New microbiological aspects of fosfomycin. Rev Esp Quimioter. 2019 May;32 Suppl 1(Suppl 1):8-18; Mattioni Marchetti V, Hrabak J,
Bitar I. Fosfomycin resistance mechanisms in Enterobacterales: an increasing threat. Front Cell Infect Microbiol. 2023 Jul 4; 13:1178547.



Antibiogram interpretation and interpretive reading

Identification ntibiogram
Microorganism > o+ . Vinterpretation
antibiogram (S, 1 R)

.,
7
= O
»w o
(s
a Q
= C
o o0
® =
-2
=.=
@& *
*
L)
'd

Increasing complexity

Need for
detection of AMR

_ Susceptibity
report

Redefinition of the.antibiogram interpretation
Deduction of susceptibility to other antimicrobials

|
|

|

|

|

|

I

|

|

|

: ence of the

, sistance mechanism
| 2

|

|

|

|

|

|

|

------ Interpretive reading of the antibiogram |- - - - - -
Modified from Cantén R. Enferm Infecc Microbiol Clin 2010; 28:375-85




“Antimicrobial Susceptibility Testing” vs “Antimicrobial Resistant Testing”

Antimicrobial susceptibility testing

Phenotypic response of a microorganism
to the killing or inhibitory effect of an
antimicrobial agents (antibiogram) to

predict clinical outcome/failure

Antimicro ‘%kresistance testing

Detect f antimicrobial resistance
“ me sm in a microorganism or directly
3 biological sample with a phenotypic
@ a genotypic (molecular) method

Susceptibility
MIC

Mechanism:of
resistance

CLINICAL AND
// LABORATORY
STANDARDS

INSTITUTE

Mechanism of
resistance

Susceptibility
MIC

EUROPEAN COMMITTEE
E U CA S T ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases


http://www.eucast.org/

Artificial intelligence and phenotypes

Crmnicar MicrosioLoGy Reviews, July 2011, p. 515-556 Vol. 24, No. 3
0893-8512/11/512.000  doi:10.1128/CMR.00061-10
Copyright ©@ 2011, American Society for Microbiology. All Rights Reserved. Journal of Antimierobial Chemotherapy (2002) 49, 289-300 ] AC

Multicentre evaluation of the VITEK 2 Advanced Expert System for
EXpel‘t Systems iIl Cliﬂical MiCIOb iOlO gy interpretive reading of antimicrobial resistance tests

Trevor Wiﬂ‘itan]ey 1 and ]_Jatri':e C(J‘U. Walinz D. M. Livermore?, M. Struelens”, J. Amorim¢, F. Baquem", J. Bille?, R. Canton?, S. Henningf,
S.Gatermann’, A. Marchese®, H. Mittermayer", C. Nonhoff?, K. J. Oakton’, F. Praplan®, H. Ramos®,
Royal Hallamshire Hospital, Department of Microbiology, Sheffield S10 2JF, United Kingdom,"' and G. C. Schitof, J. Van Eldere’, J. Verhaegen, J. Verhoef/ and M. R. Visser/

Institut Pasteur, Unité des Agents Antibactériens, 75724 Paris Cedex 15, France?
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