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Susceptibility testing techniques

Broth dilution: MIC & MBC (µg/ml)
- Broth macrodilution (test tube)
- Broth microdilution (microtitre plate)

Disk diffusion: 
- Inhibition zone (mm) (Kirby-Bauer)
- MIC (µg/ml) (E-test)

Agar dilution: MIC (µg/ml)



Minimal Inhibitory Concentration (MIC)

Minimal Bactericidal Concentration (MBC)

in microbiology, is the lowest concentration of an
antimicrobial agent that will inhibit the visible 
growth of a microorganism after overnight 
incubation. Minimum inhibitory concentrations are 
important in diagnostic laboratories to confirm 
resistance of microorganisms to an antimicrobial 
agent and also to monitor the activity of new 
antimicrobial agents.

http://en.wikipedia.org/wiki/Microbiology
http://en.wikipedia.org/wiki/Concentration
http://en.wikipedia.org/wiki/Cell_growth
http://en.wikipedia.org/wiki/Microorganism






Agar dilution







Automated Identification and 
antimicrobial susceptibility testing



Automated Identification and 
antimicrobial susceptibility testing



Media used for susceptibility testing

Cation Adjust Mueller-Hinton broth (CAMHB)
(may be added with 2.5-5% lysed horse blood)

E-test, Agar dilution, Disk diffusion

Broth dilution

Mueller-Hinton agar
(may be added with 5% sheep blood)

Haemophilus Test Medium (HTM)

GC agar base



Inoculum preparation

Direct suspension method

Any organism

Broth culture method

any non-fastidious organisms e.g.

Enterobacterales,
Non-ferment bacilli (NFB)



EUCAST 2022 ver.10.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



Summary of inoculation process

•Suspend isolated colonies from an overnight culture on a 
non-selective medium. 

•Adjust to a density equivalent to McFarland 0.5, preferably 
with a photometric device. Optimally, use the inoculum within 
15 minutes.

•Dip a sterile swab into the solution and remove excess fluid 
by turning the swab against the inside of the tube.

•Apply the inoculum with even strokes over the entire agar 
surface. 

•Apply antibiotic disks within 15 minutes of inoculating the 
plate and start incubation within another 15 minutes 



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2022 ver.9.0



EUCAST 2022 ver.9.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2022 ver.9.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2019 ver.6.0



EUCAST 2022 ver.9.0



EUCAST 2022 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



EUCAST 2021 ver.9.0



Factors that can effect outcome

Low calcium or magnesium ion

Low pH

High pH

High calcium or magnesium ion

- too narrow zone: aminoglycosides, clindamycin, 
macrolides, quinolones

- too wide zone: penicillin, tetracyclines

- too narrow zone: aminoglycosides, tetracyclines

- too wide zone: daptomycin



Factors that can effect outcome

Heavy inoculum =>

Disk has lost potency causing?

Light inoculum =>

Thin media depth =>

Thick media depth =>

too narrow zone

too wide zone

too narrow zone

too wide zone

too narrow zone

Processing time (15-15-15 Rule)



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



EUCAST 2022 ver.4.0



Oxacillin MIC: For all species

Oxacillin disk diffusion: Only for S. epidermidis, S. schleiferi, S. pseudintermedius

Oxacillin salt agar: Only for S. aureus

Cefoxitin MIC: Only for S. aureus and S. lugdunensis

Cefoxitin disk diffusion: For all species EXCEPT S. pseudintermedius and S. schleiferi

CLSI-M100, 31st ed., 2021



CLSI-M100, 30th ed., 2020



Enterobacterales (MH; G/D)
ESBLs Screening

- For E. coli, Klebsiella pneumoniae and K. oxytoca

Cefpodoxime ≤ 17 mm (17/18-20/21) ≥ 4 µg/ml

- For Proteus mirabilis

Ceftazidime ≤ 22 mm (17/18-20/21)

Cefotaxime ≤ 27 mm (22/23-25/26)

Ceftriaxone ≤ 25 mm (19/20-22/23)

Aztreonam ≤ 27 mm (17/18-20/21)

Cefpodoxime ≤ 22 mm

Ceftazidime ≤ 22 mm

Cefotaxime ≤ 27 mm
≥ 1 µg/ml

} ≥ 1 µg/ml

}



Enterobacterales (MH; G/D)

ESBLs confirmation

CTX vs CTX-Clavulanic acid

CAZ vs CAZ-Clavulanic acid

≥ 5 mm increase indicates ESBLs production
(or ≤ 3 twofold concentration decrease in MIC)



ESBL confirmatory test



Screening for carbapenem resistance
q Susceptibility testing : CLSI, EUCAST guidelines 
q Selective media

Confirmatory methods for detection of carbapenemase production 
q Phenotypic detection 

- Modified Hodge test 
- Carbapenemase inhibition:   

clavulanic acid, boronic acid; EDTA, dipicolinic acid  
- Carba NP test
- Modified carbapenem inactivation method (mCIM): 2017

(± eCIM for metallo-beta-lactamase)
q Nucleic acid amplification testing  

- Conventional, real-time PCR  
- DNA microarrays  
- Gene sequencing detection 

q Carbapenem hydrolysis (UV spectrophotometry, MALDI-TOF) 

Detection of carbapenemases



Carbapenemase screening in 
Enterobacteriaceae (2013)

Disk diffusion
: Ertapenem 19-21 mm 2 µg/ml

MIC-broth dilution

: Meropenem 16-21 mm
: Imipenem  -

Positive screening test 
+ 

resistance to at least one of 3rd generation cephalosporins

Confirmatory test

2-4 µg/ml
2-4 µg/ml



Modified Hodge Test (MHT)
Carbapenem Inactivation Assay

Carbapenem Disk
MEM or ETP 

Susceptible 
E. Coli

ATCC 25922

Test Isolate

Anderson KF et al. Evaluation of methods to identify KPC in Enterobacteriaceae. JCM 2007; 45: 2723 – 2725

Disadvantage : time-consuming, and cannot distinguish the 
carbapenemase type



Direct Methods for Detection of 
Carbapenemase Activity

Colorimetric assays; The Carba NP test 

Patrice Nordmann, et al. Emerging Infectious Diseases, September 2012 

100% sensitivity and specificity



Modified carbapenem inactivation method (mCIM)



Modified carbapenem inactivation method (mCIM)

1 loop (1 µl) of suspected colony

2 ml of Tryptic soy broth (TSB)

suspended

Incubated at 35±2 oC in ambient air for 4 hrs (±15 mins)

1 disc of meropenem (10 µg)



just before for 4 hrs (±15 mins)

Spread MHA with E.coli (ATCC 25922)
(similar protocol as regular susceptibility test)

Modified carbapenem inactivation method (mCIM)



After 4 hr ± 15 mins of incubation

Modified carbapenem inactivation method (mCIM)



Negative
(≥19 mm)

Positive
(6-15 mm) or

(16-18 mm with colonies inside the zone)

Modified carbapenem inactivation method (mCIM)



eCIM

Quality control strains for mCIM and eCIM



eCIM interpretation



mCIM & eCIM report











Table 2A: Enterobacterales
- Colistin and polymyxin B MIC breakpoints, warning, reporting comments, and reference

- Colistin: broth microdilution / CBDE (Colistin broth disk elution) / 

CAT (Colistin agar test)

- Polymyxin B: broth microdilution



General facts about colistin and polymyxin B
- They have limited clinical efficacy, even if an intermediate result is obtained.

- Alternative agents are strongly preferred.

- For colistin, broth microdilution, colistin broth disk elution (CBDE) and
colistin agar test (CAT) are acceptable.***

- For polymyxin B, only the broth microdilution are acceptable.

- Disk diffusion and gradient diffusion methods (E-test) should not be performed.

- Colistin and polymyxin B are considered equivalent agents.

- MICs obtained from testing colistin predict MICs to polymyxin B and vice versa.

***The CBDE and CAT methods were evaluated for Acinetobacter spp. by CLSI and 
found to yield inaccurate results. Therefore, these 2 methods can be used for
Enterobacterales and Pseudomonas aeruginosa only, NOT for Acinetobacter spp.

- They should be used in combination of one or more active antimicrobial agents.



Tests for colistin resistance for Enterobaterales
and Pseudomonas aeruginosa

Cation adjusted Mueller Hinton broth (CAMHB) (4 tubes x 10 ml each)
: lebelling as PC (positive control), 1, 2, and 4 µg/ml)

Incubated the tubes at RT for 30-60 mins

Added 1, 2, and 4 disks of colistin (10 µg)
into tube lebelling as 1, 2, and 4 µg/ml, respectively,
and gently vortex of each tube

Colistin broth disk elution (CBDE) method



Preparing the bacterial suspension at 0.5 McFarland turbidity
(used this adjusted suspension within 15 mins after preparation)

Colistin broth disk elution (CBDE) method (cont.)

Added 50 µl of the bacterial suspension 
into each tube (PC, 1, 2, and 4 µg/ml, respectively), 
and then vortex the suspension

=> Final bacterial concentration approximately 7.5 x 105 CFU/ml

Incubated at 33-35 oC in ambient air for 16-20 hrs

Note: Performing a purity check by using 10 µl loop



Examples of results

Colistin broth disk elution (CBDE) method (cont.)

MIC of organism A ≤ 1 µg/ml

MIC of organism B = 2 µg/ml



Interpretation of results (for Enterobacterales and Pseudomonas aeruginosa)

Colistin broth disk elution (CBDE) method (cont.)

MIC ≤ 2 µg/ml read as Intermediate

MIC ≥ 4 µg/ml read as Resistant

If there is an inconsistent growth pattern (eg. No growth at 2 µg/ml but
growth at 1 and 4 µg/ml => repeat the test

An inconsistent growth pattern may be the result of
: contamination at higher dilution
: heteroresistance
: improper concentration of antimicrobial agent in the tube
: error inoculating the tube



Terminology used in susceptibility testing

Nonsusceptible (NS)

Susceptible (S)

Intermediate (I) / (I^)

Resistant (R)

Susceptible-dose dependent (SDD)



Terminology used in susceptibility testing

Susceptible (S)

Intermediate (I)

… used for organisms that are inhibited by the usually achievable 
concentrations of antimicrobial agent when the dosage recommended to treat 
the site of infection is used, resulting in likely clinical efficacy.

… approach usually attainable blood and tissue levels and/or for which response 
rates may be lower than for susceptible isolates.
… also includes a buffer zone, to prevent small, uncontrolled technical factors 
from causing major discrepancies in interpretations

NOTE for 2022: An (I) with “^” indicates agents that have the potential to 
concentrate in the urine. It’s for informational use only.



Susceptible-Dose Dependent (SDD)

“susceptibility of an isolate is dependent on the dosing regimen” If the 

test results are in the SDD category, it is necessary to use a dosing 

regimen (ie, higher doses, more frequent doses or both) that results in 

higher drug exposure than the regular doses for susceptible isolates. 

Consideration should be given to the maximum approved dosage regimen, 

because higher exposure gives the highest possibility of adequate 

coverage of an SDD isolate. 

Terminology used in susceptibility testing



Susceptible dose dependent (SDD)-2022

Enterobacterales: Cefepime, Piperacillin,
Piperacillin-tazobactam

Staphylococcus aureus: Ceftalorine

Enterococcus faecium: Daptomycin (MIC only)



Nonsusceptible (NS)

… used for organisms that have only a susceptible interpretive category. A 
susceptible-only interpretive category may be applied to

1. agents for which no or rare resistant isolates have been encountered.
(identification and susceptibility test results should be confirmed.)***

2. certain breakpoint which is limited to the reliability of the technique.

Terminology used in susceptibility testing



Nonsusceptible (NS) (1)



Nonsusceptible (NS) (2)



Nonsusceptible (NS)

Not susceptible

≠

Intermediate and Resistant

Terminology used in susceptibility testing



Table 1A: Suggested grouping of agents

- Warning of antimicrobial agents should not be routinely
reported for bacteria isolated from CSF.

=> agents administered by oral route only
=> 1st and 2nd generation cephalosporins
=> Cephamycins
=> Doripenem, Ertapenem, Imipenem
=> Clindamycin
=> Lefamulin
=> Macrolides
=> Tetracyclines
=> Fluoroquinolones



Appendix A



Antimicrobial intrinsic resistance of Enterobacteriaceae (CLSI, M100S-31st ed., 2022)

C. amalonaticus group = C. amalonaticus, C. farmer, C, sedlakii Raoultella spp. = R. ornithinolytica, R. terrigena, R. planticola
E. Cloacae complex = E. asburiae, E. cloacae, E. hormaechei Rc = applied to H. alvei and H. paralvei


