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ANTIMICROBIAL RESISTANCE…? 

Different concepts? 

Different definitions??

Technicians, microbiologists, clinicians… 



THE CONCEPT OF RESISTANCE … CLINICIANS

Absence of an adequate clinical outcome when using an 

antibiotic with a standard dose/schedule for an infection due to a 

specific organism that normally responds to this treatment

- it can be predicted  in  the  microbiology laboratory using 

clinical breakpoints that interpret as clinically resistant MIC 

values obtained in susceptibility testing (antibiogram) 

- when the microbiology laboratory reports resistant (R),       

clinicians normally avoid the use of the antimicrobial for which 

this result has been obtained 



THE CONCEPT OF RESISTANCE… MICROBIOLOGISTS

The microorganism has a “resistance determinant” (gene) that 

express a “resistance mechanism” and consequently …

• there is an absence of killing or an inhibitory effect with the 

antimicrobial when confronted in vitro with the bacteria

• the MIC obtained in susceptibility testing is higher than that 

obtained with an organism that does not present and/or express 

a resistance determinant related with the drug

The epidemiological cut off (ECOFF)* value can be used to 

separate isolates with no resistance mechanism (wild type isolate) 

from those that have a resistance mechanism

*http://www.eucast.org



STANDARDS FOR PHENOTYPIC AST METHODS

…and for interpretation of results



EXAMPLE

Wild-type
population

Resistant
population

Microbiological definition

Resistance is the property of bacterial strains to survive at higher
antibiotic concentrations compared with the wild-type population





ENTEROBACTERALES – 3RD & 4TH GEN CEPHALOSPORINS

ESBLs / pAmpC

carbapenemases

ESBLs / pAmpC

carbapenemases

These breakpoints will detect all clinically important resistance mechanisms 

(including ESBLs and plasmid mediated AmpCs). Some isolates that produce

β-lactamases are susceptible or intermediate to 3rd  / 4th  gen. cephalosporins

and should be reported as tested, i.e. the presence or absence of an ESBL

does not in itself influence the categorisation of susceptibility. 



EUCAST CLINICAL BREAKPOINTS



INTRODUCTION TO B-LACTAM RESISTANT SALM.

B-lactams is a broad group of antibiotics

- Penicillins

- Cephalosporins

- Carbapenems

Targeted by a broad 

group of B-

lactamases!



EXTENDED SPECTRUM B-LACTAMASES

Some B-lactamases give resistance only to penicillin, ampicillin, 

piperacillin etc. and are not ESBL relevant

ESBL 

- Resistance to 3rd/4th generation cephalosporins in Enterobacterales

MIC breakpoints

(mg/L)

Zone diameter 

breakpoints (mm)

Cephalosporins S ≤ R > S ≥ R<

Cefotaxime 1 1 20 20

Ceftriaxone 1 2 25 22

Ceftazidime 1 4 22 19

Cefepime 1 4 27 24

Cefoxitin 8* 8* 19 19

*screening only

Examples 

of bla-

genes:

SHV

TEM

CTX

OXA

…..



CARBAPENEMASE PRODUCING ENTEROBACTERALES

MIC breakpoints

(mg/L)

Zone diameter 

breakpoints (mm)

Carbapenems S ≤ R > S ≥ R<

Doripenem 1 2 24 21

Ertapenem 0.5 0.5 25 25

Imipenem 2 4 22 19

Meropenem 2 8 22 16

Carbapenemase producing Enterobacterales

- Examples of clinical breakpoints 

Examples 

of carba-

genes:

VIM

NDM

KPC

OXA(-48)

IMP

Additional genes: IMI, GES, VEB, SMB, SME, VMB, GIM, SIM, SPM, JOHN…..



WHAT ABOUT AMPC?

AmpC is a special type of ESBL resistance

Plasmid mediated by 

- CMY genes

Chromosomally encoded

- Upregulation of AmpC - mutations in promoter region

Clinically they are often regarded as ESBL and treated like this

- but there are differences in phenotypes

Examples of AmpC type genes:

CMY

DHA

FOX

ACT

Point mutations in promoter region 



AMPC PHENOTYPES

Active on penicillins and cephalosporins

Hydrolyses cephamycins (like cefoxitin)

Low hydrolysis rate for cefepime and carbapenems (generally)

- both CMY-2 genes and upregulations can give an elevated

ertapenem MIC (but not meropenem)

- No synergy with ESBL inhibitors like clavulanic acid

- susceptibility to cefepime

• Low MIC in AmpC/High in ESBL

- resistance to cefoxitin (current indicator)

• High MIC in AmpC/Low MIC in ESBL)



HOW DO WE TEST FOR ESBL (DD)

Both ESBL and AmpC organisms are resistant to cephalosporins

- for example either Cefotaxime/Ceftazidime: FOT/TAZ

For true ESBL we see a synergy when adding the beta-lactamase 

inhibitor clavulanic acid for AmpC, we don’t

The synergy means that by adding the clavulanic acid, a beta-lactamase 

inhibitor, we see an inhibitory effect of the antimicrobial combination

The synergy can be determined by the lab results

For disk diffusion: Synergy is present if we have a ≥ 5 mm increase in 

the zone diameter for FOT/TAZ alone compared to for FOT/TAZ + 

clavulanic acid. It is enough if this is the case for either FOT or TAZ

For confirmation of AmpC, the interpretation of a cefoxitin-R (FOX <19 

mm) is indication of AmpC



HOW DO WE TEST FOR ESBL (E-TEST)

For E-test ESBL (gradient strip) we test both cefotaxime (FOT; CT/CTL) 

and ceftazidime (TAZ; TZ/TZL) in combination with clavulanic acid

Determine the MIC for all 4 compounds/combinations and calculate MIC 

ratio: 

ESBL positive: 

CT ≥ 0.5 and CT/CTL ratio ≥ 8 OR 

TZ ≥ 1 and TZ/TZL ≥ 8 OR 

Phantom zone  



HOW DO WE TEST FOR ESBL (MIC)

For MIC: Synergy is present if you have ≥ 3 two-fold concentration 

decrease in the MIC for FOT/TAZ + clavulanic acid compared to for 

FOT/TAZ alone. It is enough if this is the case for either FOT or TAZ

For confirmation of AmpC, the interpretation of a cefoxitin FOX MIC > 8 is 

indication of AmpC

EFSA criteria: 

ESBL+ AmpC phenotype if cefotaxime/ceftazidime MIC >1 μg/ml and 

meropenem MIC <=0.12 μg/ml and cefoxitin MIC >8 μg/ml and synergy 

(clavulanic acid and cefotaxime/ceftazidime); 



Please refer to: EFSA 

(European Food Safety 

Authority) and ECDC 

2021. The European Union 

Summary Report on 

Antimicrobial Resistance

in zoonotic and indicator 

bacteria from humans, 

animals and food in 

2018/2019.

EFSA Journal 

2021;19(4):6490. 

https://doi.org/10.2903/j.efs

a.2021.6490 (Annex A).



HOW DO WE TEST FOR CARBAPENEMASES

Resistance to carbapenems (meropenem)

- Keep in mind that AmpC type ESBL can be ertapenem non-

susceptible

Confirmed by PCR of typical carba-genes 

- Microarray for ESBL and carba-genes

CLSI – confirmation of carbapenemase activity

- CarbaNP test

- CIM test

• (mCIM/eCIM)

• differentiation of enzyme type



EMERGENCE OF RESISTANT CLONES IN EUROPE



doi:10.3390/vetsci5020040 



Thank you for the attention!

Questions/Comments?


