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↑ Antimicrobial Use leads to AMR



AMR Status

Trend of AMR in India in humans (as per WHO country office) 2010 2020

Methicillin resistant Staphylococcus aureus (MRSA) 29% 47%

Carbapenem resistant isolates of Escherichia coli 10% 13%

Carbapenem resistant isolates of Klebsiella pneumoniae 29% 57%

In Salmonella Typhi isolates, resistance to fluoroquinolones 8% 28%

Shigella, resistance  to nalidixic acid, norfloxacin, and ampicillin 30% >50%

Pseudomonas species resistance to piperacillin-tazobactam 30% 42%

Pseudomonas species resistance to meropenem 24% 50%

Acinetobacter species resistance to meropenem 50% 70%

Klebsiella pneumoniae resistance to colistin - 4-10%



AMR in Gram-negatives



Resistance to Beta lactams

• β-lactamase enzymes

• Loss of porin channels

• Efflux pumps

• Alerted protein binding protein Gram-positives



β-lactamase enzymes

• Extended-spectrum β-lactamase (ESBL)

• AmpC β-lactamase

• Carbapenemases



ESBL

• Hydrolyze: penicillins, cephalosporins (1st to 4th gen.), and 

monobactams

• Overcome by the addition of a β-lactamase inhibitor (BLI)

oClavulanate 

oSulbactam, tazobactam, avibactam, vaborbactam etc. 



ESBL detection

• CLSI ESBL Screening test 

o Indicators—cefotaxime, ceftazidime, cefpodoxime, ceftriaxone, aztreonam

oMethod: kb-DD or BMD (MIC) method

oScreening cut-off (zone≤, MIC≥): different than clinical BP

oScreen positive →confirmatory test

• CLSI ESBL confirmatory test

• Cefotaxime and cefotaxime-clavulanate

• Ceftazidime and ceftazidime-clavulanate
Zone ≥5mm 

MIC ratio ≥8



ESBL testing is not clinically indicated 

Interpretation 

using clinical BP

ESBL confirmatory test Mechanism of 

resistance 

BL BLBLI

R S Positive ESBL present

R R Positive ESBL present ± other mechanisms

S S Positive ESBL present, but not significant

R S Negative Other mechanisms

R R Negative Other mechanisms

S S Negative No R mechanism present

S R Regardless Not possible



AmpC β-lactamase detection  

• Hydrolyze: penicillins, cephems (1st, 2nd, 3rd gen. and 

cephamycins), and monobactams. 

• Not-inhibited by classical BLIs, especially clavulanate

• Do not hydrolyze 4th gen cephems (e.g. cefepime)

Resistant to older BLBLI with 
penicillins/cephems :
-------------------------------------
-Amoxicillin-clavulanate 
-Ticarcillin-clavulanate
-Ampicillin-sulbactam 
-Cefoperazone-sulbactam 
-Piperacillin-tazobactam 



AmpC types

(1) Chromosomal (natural):

• Constitutive hyperproduction (e.g. E. coli, Shigella spp.) or 

• Inducible de-repression

(2)Plasmid-mediated (acquired)

• Mainly constitutively (e.g. E. coli, Shigella spp., K. pneumoniae, 

Salmonella enterica, Citrobacter koseri, and P. mirabilis) or 

• Rarely inducible 

SPICE organisms 
-----------------------------------
Serratia
Pseudomonas
Indole-positive Proteeae 
(Morganella, Providencia), 
Citrobacter freundii complex, and
Enterobacter cloacae, E. aerogenes 
(K. aerogenes)  
Others: Hafnia alvei group,
Aeromonas group, and 
Acinetobacter baumannii group



AmpC β-lactamase detection 

AmpC Screening test: 

• Cefoxitin screen test (ECOFF) + R to ceftazidime and/or cefotaxime

• S to cefepime + R to ceftazidime and/or cefotaxime

• Disk Antagonism test

• Inducer: Cefoxitin, carbapenems, and amox-clav

• Substrate: 3rd gen cephems, aztreonam, pip-taz



AmpC β-lactamase detection cont..

AmpC confirmation tests

• Boronic acid and Cloxacillin Combination DD test

• Boronic acid and Cloxacillin Double disk synergy test

• Three-dimensional extract test



AmpC β-lactamase detection cont..

AmpC confirmation tests

Combination DD test Double disk synergy test (20mm gap)

Cefoxitin 30µg disk Cefoxitin 30µg

Cefoxitin+phenylboronic acid disk Phenylboronic acid disk

Cefoxitin+cloxacillin disk Cloxacillin disk

Positive test is indicated by: ≥5mm

-Cefoxitin- boronic acid disk

-Cefoxitin - cloxacillin disk

When compared to the alone

Positive test is indicated by:

-Augmentation of cefoxitin zone

-Keyhole pattern in Cx zone towards BA/clox. disk

-Phantom zone between Cx and BA or clox. disks



Carbapenemase Detection 

Carbapenemase Genes

(KOVIN)

Ambler class Bush Jacoby 

group

Detection 

(CLSI)

Other

method

Serine 

carbapenemases 

KPC A 2f CarbaNP

mCIM ± eCIM

BioFire

Carba R

ICT
Oxa-48 type D 2df

Metallo β-

lactamase

VIM

IMP

NDM

B 3



CarbaNP Test (CLSI)

• Test strain+ imipenem + protein extraction 

reagent + indicator

• Carbapenemase → hydrolyze imipenem

→acid → phenol red → change the color

• Rapid turn-around time (<2h)

• Detects all types, except Oxa-48



Carbapenem Inactivation Methods

• mCIM: Test strain + Meropenem→kb-DD (ATCC E. coli)

• Carbapenemase →hydrolyze meropenem →R/ATCC E. coli

• eCIM : Test strain + EDTA + Meropenem →kb-DD (ATCC E. coli)

• EDTA → destroy MBL, retain serine carbapenemases 



Multiplex lateral flow immunoassay 
(NG-test CARBA5)

• C, control band

• K, band for KPC

• O, band for 

• Oxa-48-like

• V, band for VIM

• I, band for IMP

• N, band for NDM band



Direct molecular test (from blood)

• BioFire FilmArray: 24 targets from blood (TAT 1h)

• 5 carbapenemases: KPC, Oxa-48-like, VIM, IMP, NDM

• MecA/C, Van A/B genes,  CTX-M, 

• Carba R: Detects 5 carbapenemase genes (TAT 2h)



Synergy testing for Aztreonam and 
Ceftazidime-avibactam

• Aztreonam: Stable to MBLs

• MBL producers: Co-produce ESBL/AmpC

• ESB/AmpC: Destroy aztreonam 

• Avibactam: inhibit ESBL/AmpC

• Aztreonam + Ceftazidime-avibactam 
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Interpretation 

(type of β-lactamase production) 

R S S S S S S S A 2a Penicillinase 

R R R S S S S S A 2b Early cephalosporinases

R R R R R R S S A 2be ESBL (e.g. TEM3, SHV2, CTXM15)

R R R R R R R S A 2ber ESBL variant (e.g. TEM50)

R R S S S S S S D 2d Oxacillinase 

R R R R R S S S A 2e ESBL variant (aztreonam sparing) e.g. CepA

R R R/S R/S R/S R R/S R D 2df Carbapenemase (oxa type)

R R R R R R S R A 2f Carbapenemase(serine β-lactamase),e.g. KPC

R R R R S R R S C 1 AmpC β-lactamase

R R R R R S R R B 3 Carbapenemase (metallo β-lactamase) 

Examples: NDM, VIM, IMP



AMR in Gram-positives



Oxacillin resistance 

• MRSA and MRCoNS

• MecA and Mec C mediated resistance 

Oxacillin 

MIC

Cefoxitin 

MIC

Confirmatio

n 

Interpretatio

n

S S No need MSSA 

(mecA-ve)

R R No need MRSA 

(mecA +ve)

S R Cefoxitin DD

Oxacillin 

screen agar 

MRSA 

(mecC +ve)

R S BORSA

AST method
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S. aureus ✓ ✓ ✓ X ✓

S. lugdunensis ✓ ✓ ✓ X X

S. epidermidis X ✓ ✓ ✓ X

S. pseudintermedius X X ✓ ✓ X

S. schleiferi X X ✓ ✓ X

Other species or X ✓ ✓ X X



Vancomycin resistance in S. aureus 

• VRSA

• VISA

• hVISA

• Avoid vancomycin: ≥2µg/mL

Organism Source S I R

S. aureus CLSI ≤2 4-8 ≥16

EUCAST ≤2 - ≥4

CoNS CLSI ≤4 8-16 ≥32

EUCAST ≤4 - ≥8



Vancomycin resistance in Enterococcus

• VR E. faecium

• VR E. faecalis

• VR E. gallinarum and E. casseliflavus



ICMR-AMRSN 2020



Enterobacterales (S%): ICMR-AMRSN 2020



Enterobacterales- Urine (S%)
ICMR-AMRSN 2020



K. pneumoniae: β-lactamase genes
ICMR-AMRSN 2020



Pseudomonas
aeruginosa

ICMR-AMRSN



Acinetobacter baumannii : ICMR-AMRSN



S. aureus
ICMR-AMRSN 

2020



Enterococcus ICMR-AMRSN 2020



Thank you


