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OUTLINE

I. Quick discussion(s) relative to major revisions

II. Objectives of webinar

Describe significant changes relevant to pre-

existing antimicrobial susceptibility breakpoints…

Describe significant changes relevant to

antimicrobial susceptibility testing methodology…

Identify (new) organism/antimicrobial combinations

for which susceptibility breakpoints now exist…

as outlined in the CLSI M100-Ed34 document.
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clsi.org/m100, then scroll down quite a bit
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“CLSI FREE”…then a couple of clicks
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CLICK

HERE



BIG ADVERTISEMENT…
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NEW



AST FREE PORTAL
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M27M44S involves broth

microdilution, disk diffusion

susceptibility testing of yeast



TABLE OF CONTENTS
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Pseudomonas aeruginosa
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Pseudomonas aeruginosa
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RELATED INFORMATION
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M02 Disk diffusion

M07 Broth microdilution

M11 Anaerobes

M23 Quality control

M39 Antibiogram

M45 Infrequent bacteria

M52 Commercial verification



FOR EXAMPLE, DIRECT LINK TO M45
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IF FED UP WITH THE INTERNET
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382 pages
± 30



Three General Comments
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(NON-)FASTIDIOUS GROUPINGS

CLSI M100 29th ed., 2019

Group A Primary test and report

Group B Optional primary test, report selectively

Group C Supplemental report selectively

Group U Supplemental for urine only
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CLSI M100 29th ed., 2019

TABLES 1
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CLSI M100-Ed33, 2023 16

CRITERIA FOR INCLUSION
Agents of proven efficacy

Acceptable in vitro test performance

CRITERIA FOR ASSIGNMENT
Clinical efficacy

Prevalence of resistance
Minimizing emergence of resistance

FDA clinical indications for use
Current consensus recommendations for first-choice or alternative drugs

Co$t



TABLE 1 GROUPINGS

Tier 1 Antimicrobial agents that are appropriate for routine,

primary testing and reporting

Tier 2 Antimicrobial agents that are appropriate for routine,

primary testing but may be reported following cascade

reporting rules established at each institution

17CLSI M100-Ed33, 2023



TABLE 1 GROUPINGS

Tier 3 Antimicrobial agents that are

appropriate for routine, primary

testing in institutions that serve

patients at high risk for MDROs

but should only be reported

following cascade reporting rules

established at each institution

Tier 4 Antimicrobial agents that may warrant testing and 

reporting by clinician request if antimicrobial agents in

other tiers are not optimal because of various factors

18CLSI M100-Ed33, 2023



REPORTING

19CLSI M100-Ed33, 2023

Selective Based on defined criteria unrelated to

susceptibility testing data

Organism ID Clinical setting

Site of infection Patient demographics

Cascade Based on overall antimicrobial

susceptibility profile

of isolate



THEY NOW PERFECTLY MATCH UP

20CLSI M100-Ed34, 2024



CLSI M100-Ed34, 2024 21

TABLE 2B-2



1,2 A-1 Enterobacterales (excluding Salmonella/Shigella)

1,2 A-2 Salmonella and Shigella spp.

1,2 B-1 Pseudomonas aeruginosa

1,2 B-2 Acinetobacter spp.

1,2 B-3 Burkholderia cepacia complex

1,2 B-4 Stenotrophomonas maltophilia

1,2 B-5 Other Non-Enterobacterales

1,2 C Staphylococcus spp.

1,2 D Enterococcus spp.

1,2 E Haemophilus influenzae and Haemophilus parainfluenzae

1,2 F Neisseria gonorrhoeae

1,2 G Streptococcus pneumoniae

1,2 H-1 Streptococcus spp. b-Hemolytic Group

1,2 H-2 Streptococcus spp. Viridans Group

1,2 I Neisseria meningitidis (now has Table 1I)

1,2 J Anaerobes (combined Gram-positive and Gram-negative)

CLSI M100-Ed34, 2024 22



CLSI M100-Ed34, 2024

CLARIFICATIONS…or maybe not

Daptomycin not routinely reported on organisms

isolated from lower respiratory tract 

Susceptible isolates that may develop resistance

after initiation of therapy

Formerly “within 3 to 4 days”

Now “within a few days”
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Streptococcus agalactiae intrapartum guidelines



BEFORE

CLSI M100-Ed33, 2023 24



AFTER

CLSI M100-Ed34, 2024 25



BEFORE
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AFTER

CLSI M100-Ed34, 2024 27



WHERE DID THEY GO?

CLSI M100-Ed34, 2024 28



SUSCEPTIBLE AND -DOSE DEPENDENT

CLSI M100-Ed34, 2024 29



HERE’S OUR Enterococcus

CLSI M100-Ed34, 2024 30



Old Business

31



32CLSI M100-Ed33, 2023; CLSI M100-Ed34, 2024



THE STREAK COMES TO AN END

CLSI M100-Ed34, 2024 33

Grouped by method, rather than test (data are the same)

Added mecA and PBP2a determinations
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35J Clin Microbiol. 9:347-350; 1979

POSITIVE BLOOD CULTURE BOTTLE
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TWO DROPS

Major (0.9%):  shift between sensitive and resistant

Minor (4.5%):  shift between sensitive and intermediate

shift between intermediate and resistant

J Clin Microbiol. 9:347-350; 1979
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FUTHER ENHANCEMENT

J Clin Microbiol. 20:473-477; 1984
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READING ‘EM EARLY

J Clin Microbiol. 20:473-477; 1984

four



39J Clin Microbiol. 56:e01678-17; 2018

Resistance in GNR can be multi-factorial;

full phenotypic approach may be desirable

Little standardization; very few laboratories report

1 carbapenem-resistant Acinetobacter baumannii



RESULTS
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RESULTS

41J Clin Microbiol. 56:e01678-17; 2018



J Lab Physicians. 13:374-379; 2021

[up to 15%

categorical

disagreement

(mode 1.7%) for

Enterobacterales]
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43CLSI M100-Ed34, 2024

Daily or weekly QC; E. coli ATCC 25922, P. aeruginosa ATCC 27853,

E. coli ATCC 35218 (NEW), others if necessary (NEW)

4

35 ± 2

8-10 or

16-18

was Table 3E



Agent Concentration
Incubation 

time (hours)

Zone Diameters (mm)

S I R

ampicillin-sulbactam 10/10 mg 16-18 ≥ 15 12-14 ≤ 11

ceftazidime 30 mg 16-18 ≥ 17 15-16 ≤ 14

cefepime 30 mg
8-10 ≥ 18 15-17 ≤ 14

16-18 ≥ 18 15-17 ≤ 14

ceftriaxone 30 mg
8-10 ≥ 21 14-20 ≤ 13

16-18 ≥ 20 13-19 ≤ 12

meropenem 10 mg
8-10 ≥ 18 15-17 ≤ 14

16-18 ≥ 18 15-17 ≤ 14

tobramycin 10 mg
8-10 ≥ 15 13-14 ≤ 12

16-18 ≥ 15 13-14 ≤ 12

ciprofloxacin 5 mg
8-10 ≥ 21 16-20 ≤ 15

16-18 ≥ 21 16-20 ≤ 15

trimethoprim-sulfamethoxazole 1.25/23.75 mg
8-10 ≥ 16 11-15 ≤ 10

16-18 ≥ 16 11-15 ≤ 10

Acinetobacter spp. (TABLE 3F-4)
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TABLE 3F-2 REVISIONS

CLSI M100-Ed34, 2024 45

Agent Concentration
Incubation 

time (hours)

Zone Diameters (mm)

S I R

tobramycin 10 mg
8-10 ≥ 17 13-16 ≤ 12

16-18 ≥ 17 13-16 ≤ 12

* direct aztreonam, ceftazidime, tobramycin not for Salmonella or Shigella spp.

* direct ciprofloxacin not for Salmonella spp.

Glucose fermenters
Reduce nitrates to nitrites

Non-spore-forming GNR
Grows on routine media

Facultative
Oxidase-negative (except Plesiomonas)

Intermediate

increased



TABLE 3F-3 NEWBIES

CLSI M100-Ed34, 2024 46

Agent Concentration
Incubation 

time (hours)

Zone Diameters (mm)

S I R

cefepime 30 mg 16-18 ≥ 18 15-17 ≤ 14

tobramycin 10 mg
8-10 ≥ 19 13-18 ≤ 12

16-18 ≥ 19 13-18 ≤ 12

* confirmatory cefepime MIC testing for zone diameters 15-17 mm
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GETTING BUSIER EVERY YEAR



Three Big Ones
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A SPECIFIC Salmonella Shigella TABLE

49CLSI M100-Ed34, 2024

Ampicillin, fluoroquinolone, T/S for fecal; add

3° cephem for extra-intestinal isolates

Testing is indicated for all Shigella spp. isolates



TABLE 2A-2

50CLSI M100-Ed34, 2024

Testable agents same as Enterobacterales

ampicillin

cefotaxime, ceftriaxone

ertapenem, imipenem, meropenem

tetracycline, doxycycline, minocycline

trimethoprim-sulfamethoxazole

chloramphenicol

Azithromycin (different than Enterobacterales)

Only for Shigella spp., Salmonella serotype Typhi



TABLE 2A-2
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Isolate
Broth Microdilution Disk Diffusion

S I R S I R

Enterobacterales ≤ 0.25 0.5 ≥ 1 ≥ 26 22-25 ≤ 21

Shigella spp. ≤ 0.25 0.5 ≥ 1 ≥ 26 22-25 ≤ 21

Salmonella spp. ≤ 0.06 0.12-0.5 ≥ 1 ≥ 31 21-30 ≤ 20

Isolate
Broth Microdilution Disk Diffusion

S I R S I R

Enterobacterales ≤ 0.5 1 ≥ 2 ≥ 21 17-20 ≤ 16

Shigella spp. ≤ 0.5 1 ≥ 2 ≥ 21 17-20 ≤ 16

Salmonella spp. ≤ 0.12 0.25-1 ≥ 2

Ciprofloxacin

Levofloxacin

Ofloxacin/Shigella mirror Enterobacterales; no disk diffusion for Salmonella



BUH-BYE Burkholderia cepacia complex
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CARBAPENEMS

53J Clin Microbiol. 61:e0164722; 2023

Resistance via:

Carbapenemases (direct hydrolysis of agent)

ESBL or AmpC + cell wall permeability defect

New Delhi metallo-b-lactamase (NDM)

Hydrolyzes almost all traditional b-lactams

Not inhibited by ceftazidime-avibactam

imipenem-relebactam

meropenem-vaborbactam

Inhibited by aztreonam



54Clin Microbiol Rev. 33:e00047-19; 2020



THIS GETS COMPLICATED

55J Clin Microbiol. 61:e0164722; 2023

NDM isolates frequently harbor other b-lactamases

Able to hydrolyze aztreonam

Inhibited by avibactam

Aztreonam and ceftazidime-avibactam (ATM-CZA)

Enhanced in vitro activity (next two slides)

Clinical efficacy against multi-drug- and 

resistant to three or more classes

extensively drug-resistant

resistant to all but one or two classes

Enterobacterales (following two slides)



IN VITRO ASSESSMENTS

56J Glob Antimicrob Resist. 30:214-221; 2022

provisional MIC of ≤ 8 mg/mL used for

susceptibility, based on pharmacokinetic/

pharmacodynamic modeling 
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IN VITRO ASSESSMENTS

J Glob Antimicrob Resist. 30:214-221; 2022



58Clin Infect Dis. 72:1871-1878; 2021

102 bloodstream infections

82 NDM; 20 VIM (carbapenemase)

93 Klebsiella pneumoniae, 5 Enterobacter spp.

52 received ATM-CZA

50 received other active antibiotics (OAA)
27 with colistin



59Clin Infect Dis. 72:1871-1878; 2021

CLINICAL EFFICACY

↓ 30d mortality rate P = 0.007
↓ d14 clinical failure P = 0.002
shorter length of stay P = 0.007



60J Clin Microbiol. 61:e0164722; 2023

Broth disk elution method 30 mg ATM

30/20 mg CZA   in 5 mL MH broth

6/6/4 mg/mL ATM-CZA (growth/no growth)

~150 clinical isolates metallo-b-lactamase Enterobacterales

carbapenem-resistant P. aeruginosa

Stenotrophomonas maltophilia

97.9% categorical agreement vs. BMD; 2.4% ME
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62CLSI M100-Ed34, 2024

TABLE 3D

Four 5-mL Mueller Hinton broth tubes; add disks

Mock Ceftazidime-avibactam (1)

Aztreonam (1) Aztreonam (1) + ceftazidime-avibactam (1)

25 mL of 0.5 McFarland turbidity equivalent to all tubes

Vortex; allow 30-60 minutes for elution

Vortex at slow speed; ensure disks at bottom

Incubate 16-20 hours in 33-35°C ambient air



63CLSI M100-Ed34, 2024

TABLE 3D

Escherichia coli ATCC 25922

susceptible to all
antimicrobial agents

evaluated



64CLSI M100-Ed34, 2024

TABLE 3D

Klebsiella pneumoniae ATCC BAA-1705

not susceptible to ATM;
susceptible to CZA and

ATM-CZA



65CLSI M100-Ed34, 2024

TABLE 3D

Klebsiella pneumoniae ATCC BAA-2146

not susceptible to ATM
or CZA; susceptible to

ATM-CZA



66CLSI M100-Ed34, 2024

TABLE 3D

Escherichia coli AR Bank #0348

not susceptible to any
antimicrobial agents

evaluated



Table 1
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TABLE 1 IMPORTANT Ds

CLSI M100-Ed34, 2024 68

Additions

Sulbactam-durlobactam Acinetobacter spp. (1B-2; tier 3)

New Neisseria meningitidis Table 1I

Penicillin/ampicillin Table 1J: Tier 1 Gram-positives

Tier 4 Gram-negatives
Revisions

Wordsmithed comment about Enterococcus/penicillin

Deletions

Stenotrophomonas maltophilia/ceftazidime (1B-4);

only cefiderocol remains



Table 2
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TABLE 2A-1 IMPORTANT ADDITIONS

CLSI M100-Ed34, 2024 70

Carbapenemase

Enterobacterales harboring OXA-48-like enzymes

may test susceptible to meropenem-vaborbactam

but have less clinical response; if OXA-48-like

determinant or enzyme detected, suppress

meropenem-vaborbactam result or report resistant 

More carbapenemase

Change cefepime S or SDD interpretations to

resistant in isolates demonstrating carbapenemase



THE NON-FERMENTER TABLE 2

CLSI M100-Ed34, 2024 71

Additions

Sulbactam-durlobactam MIC and disk diffusion

breakpoints for Acinetobacter spp. (2B-2)

Trimethoprim-sulfamethoxazole should not be used

for Stenotrophomonas maltophilia monotherapy

Deletions

All Burkholderia cepacia disk diffusion (2B-3)

Organism Method
Minocycline Previous Minocycline New

S I R S I R

S. maltophilia
BMD ≤ 4 8 ≥ 16 ≤ 1 2 ≥ 4

DD ≥ 19 15-18 ≤ 14 ≥ 26 21-25 ≤ 20



GRAM-POSITIVE Ds

CLSI M100-Ed34, 2024 72

Tedizolid additions

Disk diffusion for S. aureus (Table 2C)

Disk diffusion for S. pyogenes and S. agalactiae only

(Table 2H-1)

Disk diffusion for S. anginosus group only (Table 2H-2)

Linezolid

MIC confirmation no longer needed for S. aureus

resistant via disk diffusion

Organism Method
Linezolid Previous Linezolid New

S I R S I R

S. aureus
BMD ≤ 4 ≥ 8 ≤ 4 ≥ 8

DD ≥ 21 ≤ 20 ≥ 26 23-25 ≤ 22



Table 3
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AS A REMINDER…
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now Table 3E

now Table 3F-1,2,3,4

now Table 3G

now Table 3I

now Table 3J

now Table 3K

now Table 3L

Test interpretation change from: positive, negative, indeterminate

to: positive, negative, inconclusive



Table 4
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DISK DIFFUSION QC REVISIONS

Staphylococcus aureus ATCC 25923
tedizolid

linezolid

Staphylococcus aureus ATCC 43300a cefoxitin

76CLSI M100-Ed34, 2024

a Listed as a supplemental strain (acceptable cefoxitin zone ≤ 21 mm);

S. aureus ATCC 25923 also listed as QC strain (acceptable zone 23-29 mm)



Table 5
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SOME MIC QC ADDITIONS/REVISIONS

E. coli ATCC 25922

upleganan

aztreonam

imipenem-funobactam

E. coli NCTC 13846
colistin QC alternativea

polymyxin B QC alternative

E. coli ATCC BAA-3170 colistin QC alternativea

K. pneumoniae ATCC BAA-1705 imipenem-funobactam

K. pneumoniae ATCC 700603
aztreonam

imipenem-funobactam

P. aeruginosa ATCC 27853
upleganan, colistin,

imipenem-funobactam

S. aureus ATCC 43300
cefoxitin (≥ 8 mg/mL)

oxacillin (≥ 4 mg/mL)

S. aureus ATCC 29213 exebacase

78CLSI M100-Ed34, 2024

a Colistin QC range has been deleted for E. coli ATCC 25922



Appendices
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Appendix B (intrinsic resistance)

REVISIONS OF NOTE

80CLSI M100-Ed34, 2024

Serratia marcescens/tobramycin removed



Appendix H (cefiderocol)

REVISIONS OF NOTE

81CLSI M100-Ed34, 2024

Aides in MIC determination; no trailing, no haze;

First well with button ≤ 1 mm is MIC



Thank you for your attention.
Have a better 2024.
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