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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-Ed33 document.
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clsi.org/m100, then scroll down quite a bit

CLICK

HERE
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THEN…
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WOW!!
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VOILA (after hitting page-by-page icon)!!

6…now hit HTML View icon



AFTER THIS, HIT THE TOC ICON
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FUTZING WITH THIS…A LITTLE

When on “HTML” view
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FUTZING WITH THIS…A LITTLE
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FUTZING WITH THIS…MORE

When on “Page by Page” view
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360 pages
± 42



FUTZING WITH THIS…MORE

11



The Really Big Ones
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CLSI M100 29th ed., 2019

THE REALLY BIG ONES #1
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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

A HUGE FORMATTING CHANGE
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CLSI M100-Ed33, 2023 17

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

18CLSI 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

19CLSI M100-Ed33, 2023



REPORTING

20CLSI 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



CASCADING

21CLSI M100-Ed33, 2023
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MORE ON FOUR

CLSI M100-Ed33, 2023 22



CLSI M100-Ed33, 2023

URINE OR YER OUT
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NEW TABLES 1

24CLSI M100-Ed33, 2023



NEW TABLES 1

25CLSI M100-Ed33, 2023



HERE’S THE REST I

26CLSI M100-Ed33, 2023

1C Pseudomonas aeruginosa

1D Acinetobacter spp.

1E Burkholderia cepacia complex

1F Stenotrophomonas maltophilia

1G Other non-Enterobacterales

1H Staphylococcus spp.

1I Enterococcus spp.



HERE’S THE REST II

27CLSI M100-Ed33, 2023

1J Haemophilus influenzae and Haemophilus parainfluenzae

1K Neisseria gonorrhoeae

1L Streptococcus pneumoniae

1M Streptococcus spp. b-hemolytic Group

1N Streptococcus spp. Viridans Group

1O Gram-Negative Anaerobes

1P Gram-Positive Anaerobes



NOT IN TABLES 1

CLSI M100-Ed33, 2023 28



Organism Method
Gentamicin Previous Gentamicin New

S I R S I R

Enterobacterales
BMD ≤ 4 8 ≥ 16 ≤ 2 4 ≥ 8

DD ≥ 15 13-14 ≤ 12 ≥ 18 15-17 ≤ 14

THE REALLY BIG ONES #2
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Organism Method
Tobramycin Previous Tobramycin New

S I R S I R

Enterobacterales
BMD ≤ 4 8 ≥ 16 ≤ 2 4 ≥ 8

DD ≥ 15 13-14 ≤ 12 ≥ 17 13-16 ≤ 12

Organism Method
Amikacin Previous Amikacin New

S I R S I R

Enterobacterales
BMD ≤ 16 32 ≥ 64 ≤ 4 8 ≥ 16

DD ≥ 17 15-16 ≤ 14 ≥ 20 17-19 ≤ 16

CLSI M100-Ed32, 2022; M100-Ed33, 2023



Year
Percentage Susceptible

Gentamicin Tobramycin

2018 99.3 99.3

2019 100 100

WISCONSIN SURVEILLANCE DATA
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Enterobacter cloacae

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Gentamicin Tobramycin

≤ 2 593 591

4 2 4

8 1

16 1 1

>16

32

>32 1
“Red” shading indicates
decreased susceptibility

Previous
≤ 4 8 ≥ 16



Year
Percentage Susceptible

Gentamicin Tobramycin

2018 97.7 97.7

2019 98.9 98.9

WISCONSIN SURVEILLANCE DATA
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Klebsiella pneumoniae

Previous

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Gentamicin Tobramycin

≤ 2 669 669

4 7 7

8 8

16 4 1

>16 2

32 5

>32 2

≤ 4 8 ≥ 16

“Red” shading indicates
decreased susceptibility



Year
Percentage Susceptible

Gentamicin Tobramycin

2016 91.4 92.1

2017 93.1 94.0

2018 92.4 92.7

2019 89.1 89.1

2020 94.4 95.5

2021 95.0 95.4

2022 95.8 96.2

WISCONSIN SURVEILLANCE DATA
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Proteus mirabilis

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Gentamicin Tobramycin

≤ 2 1850 1843

4 5 23

8 27 46

16 38 53

>16 34

32 53

>32 26
“Red” shading indicates
decreased susceptibility

Previous
≤ 4 8 ≥ 16



Year
Percentage Susceptible

Gentamicin Tobramycin

2016 93.1 93.1

2017 93.4 94.6

2018 93.9 94.8

2019 91.9 93.5

2020 95.2 96.2

2021 94.2 96.9

2022 92.1 94.5

WISCONSIN SURVEILLANCE DATA
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Escherichia coli

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Gentamicin Tobramycin

≤ 2 2329 2318

4 3 47

8 8 58

16 10 39

>16 34

32 40

>32 106
“Red” shading indicates
decreased susceptibility

Previous
≤ 4 8 ≥ 16



Organism

Percentage Susceptible

Gentamicin Tobramycin

Previous New Previous New

Enterobacter cloacae 99.7 99.3 99.7 99.0

Klebsiella pneumoniae 98.4 97.4 98.4 97.4

Proteus mirabilis 92.8 92.5 93.3 92.2

Escherichia coli 93.4 93.3 94.8 92.9

WISCONSIN SURVEILLANCE DATA
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Organism cumulative antibiogram before and after

Previous
≤ 4 8 ≥ 16

New
≤ 2 4 ≥ 8



Organism Method
Ciprofloxacin Previous Ciprofloxacin New

S I R S I R

Enterobacterales BMD ≤ 1 2 ≥ 4 ≤ 0.25 0.5 ≥ 1

P. aeruginosa BMD ≤ 1 2 ≥ 4 ≤ 0.5 1 ≥ 2

CLSI M100 28th ed., 2018; M100 29th ed., 2019 35

Organism Method
Levofloxacin Previous Levofloxacin New

S I R S I R

Enterobacterales BMD ≤ 2 4 ≥ 8 ≤ 0.5 1 ≥ 2

P. aeruginosa BMD ≤ 2 4 ≥ 8 ≤ 1 2 ≥ 4

OVERCALLING SUSCEPTIBILITY?



Clin Med Res. 20:81-88; 2022

E. coli 1.5-3.2% reduced fluoroquinolone susceptibility
P. mirabilis 2.6-6.3% reduced fluoroquinolone susceptibility
P. aeruginosa 4.5-5.1% reduced fluoroquinolone susceptibility

36



Clin Med Res. 20:81-88; 2022

E. coli P. mirabilis P. aeruginosa

CIPROFLOXACIN

CLSI

new

CLSI

previous
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Region

Percentage Susceptible

Gentamicin Tobramycin

Previous New Previous New

Northern 95.2 95.2 96.7 95.5

Northeastern 94.6 94.5 96.2 93.4

Southern 92.5 92.3 93.3 91.8

Southeastern 91.3 91.1 91.5 90.7

Western 93.3 93.3 95.6 93.3

WISCONSIN 93.4 93.3 94.8 92.9

WISCONSIN SURVEILLANCE DATA
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Escherichia coli

Previous
≤ 4 8 ≥ 16

New
≤ 2 4 ≥ 8



Region

Percentage Susceptible

Gentamicin Tobramycin

Previous New Previous New

Northern 90.4 90.0 90.4 89.3

Northeastern 94.1 93.6 94.8 92.6

Southern 90.1 89.8 90.9 90.1

Southeastern 96.3 96.3 96.8 96.3

Western 90.8 90.8 91.5 90.8

WISCONSIN 92.8 92.5 93.3 92.2

WISCONSIN SURVEILLANCE DATA
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Proteus mirabilis

Previous
≤ 4 8 ≥ 16

New
≤ 2 4 ≥ 8



Region

Percentage Susceptible

Gentamicin Tobramycin

Previous New Previous New

Northern 90.4 90.0 90.4 89.3

Northeastern 94.1 93.6 94.8 92.6

Southern 90.1 89.8 90.9 90.1

Southeastern 96.3 96.3 96.8 96.3

Western 90.8 90.8 91.5 90.8

WISCONSIN 92.8 92.5 93.3 92.2

WISCONSIN SURVEILLANCE DATA

40

Proteus mirabilis

Previous
≤ 4 8 ≥ 16

New
≤ 2 4 ≥ 8



WHY???

41CLSI M100-Ed33, 2023



CLSI MR02; 2019

MORE-SOPHISTICATED MODELING
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PLAZOMICIN IV

FDA approval in 2018 

43

Complicated UTI (including pyelonephritis) when

limited options available

Escherichia coli Enterobacter cloacae

Klebsiella pneumoniae Proteus mirabilis

Open Forum Infect Dis. 10:ofad058; 2023

Stable to hydrolysis by majority of aminoglycoside-

modifying enzymes (AME)

Isolates carrying 16S rRNA methyltransferases

exhibit high MIC for plazomicin 



PLAZOMICIN IV

44CLSI M100-Ed33, 2023

…but not for Morganellaceae



PLAZOMICIN IV

Open Forum Infect Dis. 10:ofad058; 2023 45

MDR:  non-susceptible to at least 1 drug from ≥ 3 classes

XDR:  susceptible to ≤ 2 classes



THE REALLY BIG ONES #3

46

Organism Method
Tobramycin Previous Tobramycin New

S I R S I R

P. aeruginosa
BMD ≤ 4 8 ≥ 16 ≤ 1 2 ≥ 4

DD ≥ 15 13-14 ≤ 12 ≥ 19 13-18 ≤ 12

Organism Method
Amikacin Previous Amikacin New

S I R S I R

P. aeruginosa
BMD NO C H A N GE

DD NO C H A N GE

CLSI M100-Ed32, 2022; M100-Ed33, 2023



Year
Percentage Susceptible

Gentamicin Tobramycin

2016 99.1 99.5

2017 97.2 97.2

2018 99.3 99.0

2019 97.2 98.9

2020 98.6 99.4

2021 99.2 99.2

2022 98.0 98.8

WISCONSIN SURVEILLANCE DATA

47

Pseudomonas aeruginosa

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Gentamicin Tobramycin

≤ 2 1888 1942

4 51 7

8 13 6

16 6 4

>16 13

32 1

>32 13

Previous for both
≤ 4 8 ≥ 16



WHY???

48CLSI M100-Ed33, 2023



THE REALLY BIG ONES #3

49

Organism Method
Tobramycin Previous Tobramycin New

S I R S I R

P. aeruginosa
BMD ≤ 4 8 ≥ 16 ≤ 1 2 ≥ 4

DD ≥ 15 13-14 ≤ 12 ≥ 19 13-18 ≤ 12

Organism Method
Amikacin Previous Amikacin New

S I R S I R

P. aeruginosa
BMD NO C H A N GE

DD NO C H A N GE

CLSI M100-Ed32, 2022; M100-Ed33, 2023

Organism Method
Pip/tazo Previous Pip/tazo New

S I R S I R

P. aeruginosa
BMD ≤ 16 32-64 ≥ 128 ≤ 16 32 ≥ 64

DD ≥ 21 15-20 ≤ 14 ≥ 22 18-21 ≤ 17



WISCONSIN SURVEILLANCE DATA
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Pseudomonas aeruginosa

Cumulative
frequency
distribution

MIC
Number of Isolates by Agent

Piperacillin-tazobactam

≤ 8 1650

16 157

32 68

64 26

128 29

256 26

>256 16

Year
Percentage Susceptible

Piperacillin/tazobactam

2016 93.4

2017 92.7

2018 88.1

2019 92.5

2020 93.4

2021 90.2

2022 91.4

Previous
≤ 16 32-64 ≥ 128

“Red” shading indicates
resistance



Parameter Previous New

% susceptible 91.6 91.6

% intermediate 4.8 3.4

% resistant 3.6 4.9

WISCONSIN SURVEILLANCE DATA

51

Pseudomonas aeruginosa, piperacillin/tazobactam

Previous
≤ 16 32-64 ≥ 128

New
≤ 16 32 ≥ 64

Region
Percentage Resistance

Previous New

Northern 2.7 2.7

Northeastern 3.5 4.3

Southern 3.8 4.9

Southeastern 5.5 8.5

Western 1.8 3.3



PROBABILITY OF TARGET ATTAINMENT

52CLSI MR14, 2022

Modern methods of PK/PD evaluation determined

low PTA for piperacillin-tazobactam when utilizing

current CLSI breakpoints (normal renal function)

No studies revealed high PTA with MIC > 16 mg/mL



Old Business

53



WE ARE ON A ROLL

CLSI M100-Ed33, 2023 54
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POSITIVE BLOOD CULTURE BOTTLE

56J 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
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THEY’VE BEEN TRYING THIS…I

J Clin Microbiol. 9:347-350; 1979
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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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THEY’VE BEEN TRYING THIS…II

Antimicrob Agents Chemother. 20:696-698; 1981
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SIX DROPS

Very Major Error; Major Error; Minor Error; (percentage concordance)

n = 171 n = 166 n = 219

Antimicrob Agents Chemother. 20:696-698; 1981
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THEY’VE BEEN TRYING THIS…III

J Clin Microbiol. 20:473-477; 1984



62

READING ‘EM EARLY

J Clin Microbiol. 20:473-477; 1984



RESULTS

63J Clin Microbiol. 56:e01678-17; 2018



RESULTS

64J Clin Microbiol. 56:e01678-17; 2018



65CLSI M100-Ed33, 2023

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



66CLSI M100-Ed32, 2022; addendum from Ed33, 2023

TABLE 3E-2

≥ 16               12-15    ≤11



NEWBIES

CLSI M100-Ed33, 2023 67

Agent Concentration
Incubation 

time (hours)

Zone Diameters (mm)

S I R

Meropenem 10 mg
8-10 ≥ 22 20-21 ≤ 19

16-18 ≥ 22 19-21 ≤ 18

Agent Concentration
Incubation 

time (hours)

Zone Diameters (mm)

S I R

Ciprofloxacin* 5 mg
8-10 ≥ 21 18-20 ≤ 17

16-18 ≥ 21 18-20 ≤ 17

* not for Salmonella spp.



68CLSI M100-Ed32, 2022; addendum from Ed33, 2023

≥ 19                16-18     ≤15



Table 1
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AmpC DEREPRESSION DURING Rx

70

Serratia spp. ++

Providencia spp. ++

Morganella spp. ++

Citrobacter freundii +++

Enterobacter cloacae +++

yes, Klebsiella aerogenes +++

Yersinia spp.
Serratia spp.

Providencia spp.

Indole-positive Proteus

Citrobacter spp.

Enterobacter spp.

CLSI M100-Ed33, 2023



Table 2
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SELECTED THOUGHTS I

CLSI M100-Ed33, 2023 72

Accuracy and reproducibility of cefiderocol

susceptibility testing affected by Fe concentration

and inoculum preparation (mfg. variability)

Broth microdilution

Disk diffusion

Poor efficacy of amoxicillin vs. ampicillin; Shigella

Clinical partners may request identification of

ESBL or carbapenemase

Gemifloxacin tested only on K. pneumoniae



SELECTED THOUGHTS II

CLSI M100-Ed33, 2023 73

Discourage levofloxacin monotherapy for

Stenotrophomonas maltophilia

Haemophilus parainfluenzae HTM (and broth)

Haemophilus influenzae HTM (and broth)

MH-F agar/broth



SELECTED THOUGHTS III

CLSI M100-Ed33, 2023 74

Streptococcus pneumoniae from CSF:

Penicillin MIC method

Ceftriaxone MIC method

Cefotaxime MIC method

Meropenem MIC method

Vancomycin MIC or disk diffusion method

Streptococcus pneumoniae from other sites:

Oxacillin disk diffusion method

Follow with b-lactam MIC method if ≤ 19 mm

Levofloxacin susceptibility can predict

moxi, gemifloxacin susceptibility



Table 3
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TABLE 3B

76CLSI M100-Ed31, 2021; Ed33, 2023

“No change in the interpretation of carbapenem susceptibility test results is

necessary for CarbaNP-positive isolates.  Such testing is not currently

recommended for routine use.”



TABLE 3C

77CLSI M100-Ed31, 2021; Ed33, 2023

“No change in the interpretation of carbapenem susceptibility test results is

necessary for mCIM positive and/or eCIM results.  mCIM with or without

eCIM testing is not currently recommended for routine use.”



Table 4
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SOME DD QC ADDITIONS/REVISIONS

E. coli NCTC 13353
ceftibuten-ledaborbactam

ceftibuten

N. gonorrhoeae ATCC 49226 gentamicin

79CLSI M100-Ed33, 2023



Table 5
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SOME MIC QC ADDITIONS/REVISIONS

E. coli ATCC 25922

ceftibuten

ceftibuten-avibactam

piperacillin-tazobactam

E. coli NCTC 13353

ceftazidime-avibactam

ceftibuten-avibactam

ceftibuten-ledaborbactam

K. pneumoniae ATCC BAA-2814

ceftazidime-avibactam

ceftibuten-avibactam

ceftibuten-ledaborbactam

meropenem-xeruborbactam

K. pneumoniae ATCC BAA-1705

ceftazidime-avibactam

ceftibuten-avibactam

ceftibuten-ledaborbactam

K. pneumoniae ATCC 700603
ceftibuten

ceftibuten-avibactam

P. aeruginosa ATCC 27853 meropenem-xeruborbactam

81CLSI M100-Ed33, 2023



MORE MIC QC ADDITIONS/REVISIONS

tebipenem
H. influenzae ATCC 49766

S. pneumoniae ATCC 49619

82CLSI M100-Ed33, 2023



Thank you for your attention.
Have a better 2023.

83
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