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OUTLINE
I. General acclimation to M100 document

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-S29 document.
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The Small Roman Numerals
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CLSI M100; 29th ed.; 2019

WHAT’S IN THERE?

Overview of changes

Processes for establishing breakpoints, QC ranges

CLSI reference vs. commercial methods
CLSI reference vs. FDA breakpoints

Breakpoint additions/revisions since 2010
ECV additions/revisions since 2015
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Investigational cefiderocol BMD for:

Enterobacteriaceae
Pseudomonas aeruginosa

Acinetobacter spp.
Stenotrophomonas maltophilia

Requires iron-depleted CAMHB

BREAKPOINT ADDITIONS FOR 2019

Meropenem-vaborbactam
Enterobacteriaceae (DD, BMD)

Azithromycin
Neisseria gonorrhoeae (MIC, S only)
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Instructions for Use of Tables
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CLSI M100; 29th ed.; 2019

INSTRUCTIONS FOR USE I

Selecting antimicrobial agents for testing, reporting

Breakpoint and interpretive category definitions

Reporting results

Organisms excluded from Table 2 (CLSI M45)
Reporting concentrations (report to hundredths)

≤ 0.125 g/mL reported as ≤ 0.12 g/mL

Therapy-related comments
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CLSI M100; 29th ed.; 2019

Testing of repeat isolates (as little as 3-4 days)

3° cephems Klebsiella aerogenes
Citrobacter spp.
Serratia spp.

All agents Pseudomonas aeruginosa

Fluoroquinolones Staphylococci

Supplemental (D-test), screening (vancomycin agar
screen), surrogate agent (cefoxitin), equivalent
agent (amp predict amox for Haemophilus) tests
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INSTRUCTIONS FOR USE II
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CLSI M100; 29th ed.; 2019 9

Table 1
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CLSI M100; 29th ed.; 2019

TABLE 1A
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CLSI M100; 29th ed.; 2019

TABLE 1A
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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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NON-FASTIDIOUS GROUPINGS

CLSI M100; 29th ed.; 2019

These exist for:

Enterobacteriaceae
Pseudomonas aeruginosa (no group C or group U)
Acinetobacter spp. (no group C)
Burkholderia cepacia complex (no group U)  
Stenotrophomonas maltophilia (no group U)
Other non-Enterobacteriaceae   
Staphylococcus spp.
Enterococcus spp.
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CHANGES TO TABLE 1A

CLSI M100; 29th ed.; 2019

Added meropenem-vaborbactam as group B
testing agent for Enterobacteriaceae

Clarified staphylococci that can be subject to
oxacillin broth microdilution (footnote to Table)

S. aureus
S. lugdunensis
Other staphylococci     EXCEPT epidermidis

pseudintermedius
schleiferi
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CLSI M100; 29th ed.; 2019

TABLE 1B
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CLSI M100; 29th ed.; 2019

TABLE 1B
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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
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FASTIDIOUS GROUPINGS

CLSI M100; 29th ed.; 2019

These exist for:

Haemophilus influenzae
Haemophilus parainfluenzae    
Neisseria gonorrhoeae (no group B or no group C)       
Streptococcus pneumoniae     
-hemolytic Streptococcus   
viridans group Streptococcus
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CHANGES TO TABLE 1B

CLSI M100; 29th ed.; 2019

Added azithromycin as group A testing agent for
Neisseria gonorrhoeae

Susceptibility and resistance to dirithromycin
(as well as azithromycin and clarithromycin) can be predicted
by testing erythromycin

Streptococcus pneumoniae
-hemolytic Streptococcus
viridans group Streptococcus
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THERE’S AN ANAEROBE TABLE

CLSI M100; 29th ed.; 2019

“Testing may not be necessary for isolates associated with polymicrobial anaerobic infections.” 
Test only isolate most likely to be resistant; Bacteroides spp., Parabacteroides spp.
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Table 2
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TABLE 2

CLSI M100; 29th ed.; 2019

These comments are found within the Table.
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TABLE 2

CLSI M100; 29th ed.; 2019 24
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TABLE 2

CLSI M100; 29th ed.; 2019

Comment 13 from two slides ago
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TABLE 2

CLSI M100; 29th ed.; 2019

These exist for:

Enterobacteriaceae Haemophilus influenzae
Pseudomonas aeruginosa Haemophilus parainfluenzae
Acinetobacter spp. Neisseria gonorrhoeae
Burkholderia cepacia complex      Streptococcus pneumoniae
Stenotrophomonas maltophilia       -hemolytic Streptococcus
Other non-Enterobacteriaceae   viridans group Streptococcus
Staphylococcus spp. Neisseria meningitidis
Enterococcus spp. Anaerobes
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CAVEATS

27

Organism Method
Ciprofloxacin Previous Ciprofloxacin New

S I R S I R

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

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

Enterobacteriaceae DD ≥ 21 16-20 ≤ 15 ≥ 26 22-25 ≤ 21

P. aeruginosa DD ≥ 21 16-20 ≤ 15 ≥ 25 19-24 ≤ 18

CLSI M100; 29th ed.; 2019

FLUOROQUINOLONES
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Organism Method
Levofloxacin Previous Levofloxacin New

S I R S I R

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

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

Enterobacteriaceae DD ≥ 17 14-16 ≤ 13 ≥ 21 17-20 ≤ 16

P. aeruginosa DD ≥ 17 14-16 ≤ 13 ≥ 22 15-21 ≤ 14
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Organism n
Ciprofloxacin Previous Ciprofloxacin New

%S %I %R %S %I %R

Escherichia coli 1114 80.4 0.1 19.5 77.4 2.2 20.4

Proteus mirabilis 916 78.5 3.6 17.9 76.0 1.4 22.6

Pseudomonas aeruginosa 801 86.8 3.7 9.5 82.4 4.4 13.2

WISCONSIN SURVEILLANCE

29

Organism n
Ciprofloxacin Previous Ciprofloxacin New

%S %I %R %S %I %R

Escherichia coli 1114 80.4 0.1 19.5 77.4 2.2 20.4

Proteus mirabilis 916 78.5 3.6 17.9 76.0 1.4 22.6

Pseudomonas aeruginosa 801 86.8 3.7 9.5 82.4 4.4 13.2

WISCONSIN SURVEILLANCE
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Organism n
Levofloxacin Previous Levofloxacin New

%S %I %R %S %I %R

Escherichia coli 1114 80.6 0.4 18.9 79.5 0.9 19.6

Proteus mirabilis 916 83.0 2.5 14.5 76.9 2.5 20.6

Pseudomonas aeruginosa 801 86.3 4.6 9.1 81.1 5.1 13.7

WISCONSIN SURVEILLANCE

31

Organism n
Levofloxacin Previous Levofloxacin New

%S %I %R %S %I %R

Escherichia coli 1114 80.6 0.4 18.9 79.5 0.9 19.6

Proteus mirabilis 916 83.0 2.5 14.5 76.9 2.5 20.6

Pseudomonas aeruginosa 801 86.3 4.6 9.1 81.1 5.1 13.7
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E. coli / CIPROFLOXACIN
Percentage susceptible 5% or more greater than state mean

Percentage susceptible 5% or more less than state mean

Percentage susceptible ±5% of state mean

Previous
state mean 80.4%

New
state mean 77.4% 33

E. coli / LEVOFLOXACIN
Percentage susceptible 5% or more greater than state mean

Percentage susceptible 5% or more less than state mean

Percentage susceptible ±5% of state mean

Previous
state mean 80.6%

New
state mean 79.5% 34
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P. mirabilis / CIPROFLOXACIN
Percentage susceptible 5% or more greater than state mean

Percentage susceptible 5% or more less than state mean

Percentage susceptible ±5% of state mean

Previous
state mean 78.5%

New
state mean 76.0% 35

P. mirabilis / LEVOFLOXACIN
Percentage susceptible 5% or more greater than state mean

Percentage susceptible 5% or more less than state mean

Percentage susceptible ±5% of state mean

Previous
state mean 83.0%

New
state mean 76.9% 36
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Organism Method
Ceftaroline Previous Ceftaroline New

S I R S SDD R

S. aureus (incl. MRSA) BMD ≤ 1 2 ≥ 4 ≤ 1 2-4 ≥ 8

S. aureus (incl. MRSA) DD ≥ 24 21-23 ≤ 20 ≥ 25 20-24 ≤ 19

CLSI M100; 29th ed.; 2019

CEFTAROLINE

37

Organism Method
Ceftaroline Previous Ceftaroline New

S I R S SDD R

S. aureus (incl. MRSA) BMD ≤ 1 2 ≥ 4 ≤ 1 2-4 ≥ 8

S. aureus (incl. MRSA) DD ≥ 24 21-23 ≤ 20 ≥ 25 20-24 ≤ 19

CEFTAROLINE

38

MIC Number of Wisconsin Isolates

≤ 0.12 126

0.25 133

0.5 49

1 1

2 0

4 1

8 0
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SUSCEPTIBLE DOSE DEPENDENT
Intermediate

Approach attainable blood and tissue levels but
have less clinical response than “susceptible”

Also implies clinical efficacy in sites where agents
are physiologically concentrated

Susceptible dose dependent (multiple regimens)
Implies that susceptibility of isolate is dependent
on dosing regimen

Higher dose or more-frequent dosing results in
higher drug exposure

CLSI M100; 29th ed.; 2019 39

REVISED LANGUAGE

CLSI M100; 29th ed.; 2019

Appendix E lists doses used for establishing SDD;
drug label should be consulted for recommended
doses and adjustment for organ function

SDD category may be assigned when doses well
above “susceptible” breakpoint are/have:

Supported by literature
Widely used clinically
Sufficient data to justify

40
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WISCONSIN SURVEILLANCE

Organism n % Cefepime Susceptible Dose Dependent
(MIC 4-8 g/mL)

Escherichia coli 1114 1.5

Proteus mirabilis 916 0.4

Enterobacter cloacae 277 4.7

Klebsiella pneumoniae 304 0.0
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Organism Method
Daptomycin Previous Daptomycin New

S I R S SDD R

Enterococcus spp. BMD ≤ 4 ≤ 1 2-4 ≥ 8

CLSI M100; 29th ed.; 2019

DAPTOMYCIN

Should not be reported for respiratory isolates

SDD breakpoint based on dosage regimen of
8-12 mg/kg per day in adults

Intended for serious Enterococcus spp. infections

42
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CLSI M100; 29th ed.; 2019

OTHER TABLE 2 ADDITIONS

Follow-up MIC testing for Enterobacteriaceae /
ceftazidime-avibactam zone sizes of 18-20 mm
(disk diffusion may overcall resistance)
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CLSI M100; 29th ed.; 2019

STAPHYLOCOCCI AND mecA
Added S. epidermidis-specific breakpoints

Oxacillin disk diffusion
Oxacillin broth microdilution
Cefoxitin disk diffusion (cefoxitin MIC not reliable)

44

Noteworthy revisions

Oxacillin disk diffusion not reliable for S. aureus
and S. lugdunensis

Oxacillin MIC (0.5-2 g/mL) may overcall resistance
in staphylococci other than…S. aureus  S. schleiferi
S. pseudintermedius  S. lugdunensis  S. epidermidis
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CLSI M100; 29th ed.; 2019

MORE TABLE 2 ADDITIONS
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CLSI M100; 29th ed.; 2019

OTHER TABLE 2 DELETIONS

Norfloxacin disk diffusion and MIC breakpoints

Enterobacteriaceae Pseudomonas aeruginosa
Staphylococcus spp. Enterococcus spp.
Non-Enterobacteriaceae (MIC breakpoints)

46

Telrithromycin disk diffusion and MIC breakpoints

Staphylococcus spp. Haemophilus influenzae
Haemophilus parainfluenzae
Streptococcus pneumoniae
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CLSI M100; 29th ed.; 2019

OTHER TABLE 2 DELETIONS

N. gonorrhoeae disk diffusion and MIC breakpoints

Cefuroxime Cefmetazole
Ceftazidime Cefetamet
Enoxacin Fleroxacin
Lomefloxacin Ofloxacin
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CLSI M100; 29th ed.; 2019

TABLE 2 CLARIFICATIONS

Organisms susceptible to tetracycline also 
susceptible to doxycycline and minocycline;
resistance to doxycycline and minocycline
cannot be inferred by resistance to tetracycline

Haemophilus influenzae
Haemophilus parainfluenzae
Streptococcus pneumoniae
-hemolytic Streptococcus
viridans group Streptococcus
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Table 3

49

CLSI M100; 29th ed.; 2019 50

WHAT’S IN THERE?

ESBL detection in E. coli, K. pneumoniae,
K. oxytoca, P. mirabilis

Carbapenemase production in Enterobacteriaceae
and Pseudomonas aeruginosa

2010 breakpoints:  CarbaNP, mCIM, eCIM, molecular
Current breakpoints:  may not need additional tests

No longer necessary to edit carbapenem results to
resistant if a carbapenemase producer is detected
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CLSI M100; 29th ed.; 2019 51

WHAT ELSE IS IN THERE?

-lactamase detection Staphylococcus spp.

Methicillin (oxacillin) resistance Staphylococcus spp.

Vancomycin agar screen Staphylococcus aureus
and Enterococcus spp.

Inducible clindamycin resistance

High-level mupirocin resistance S. aureus

High-level aminoglycoside resist Enterococcus spp.

Table 4

52



27

TABLE 4

CLSI M100; 29th ed.; 2019

E. coli ATCC 25922
P. aeruginosa ATCC 27853
S. aureus ATCC 25923

Same as left; add:
E. coli ATCC 35218
K. pneumoniae ATCC 700603
E. coli NCTC 13353
K. pneumoniae ATCC BAA-1705
K. pneumoniae ATCC BAA-2814
A. baumannii NCTC 13304

H. influenzae ATCC 49247
H. influenzae ATCC 49766
N. gonorrhoeae ATCC 49226
S. pneumoniae ATCC 49619

53

DISK DIFFUSION QC RANGES

CLSI M100; 29th ed.; 2019 54

Noteworthy additions

ATCC 25922 and ATCC 27853 range for tebipenem
ATCC 49226 ranges for azithromycin, gepotidacin
Acinetobacter baumannii NCTC 13304 as QC strain
Caveat for imipenem-relebactam (one manufacturer)

Noteworthy deletions

Ranges for methicillin
Ranges for mezlocillin
Ranges for norfloxacin
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DISK DIFFUSION QC ADDED RANGES
E. coli ATCC 25922

cefepime-zidebactam
imipenem-relebactam

P. aeruginosa ATCC 27853
cefepime-zidebactam
imipenem-relebactam

K. pneumoniae ATCC 700603
cefepime; cefepime-zidebactam
imipenem; imipenem-relebactam

E. coli NCTC 13353 cefepime; cefepime-zidebactam

K. pneumoniae ATCC BAA-1705 imipenem; imipenem-relebactam

K. pneumoniae ATCC BAA-2814 imipenem; imipenem-relebactam

A. baumannii NCTC 13304 cefepime; cefepime-zidebactam

CLSI M100; 29th ed.; 2019
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Table 5
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TABLE 5

CLSI M100; 29th ed.; 2019

E. coli ATCC 25922
P. aeruginosa ATCC 27853
S. aureus ATCC 29213
E. faecalis ATCC 29212

Same as left; add:
E. coli ATCC 35218
K. pneumoniae ATCC 700603
E. coli NCTC 13353
K. pneumoniae ATCC BAA-1705
K. pneumoniae ATCC BAA-2814
A. baumannii NCTC 13304

H. influenzae ATCC 49247
H. influenzae ATCC 49766
N. gonorrhoeae ATCC 49226 (agar dilution)
S. pneumoniae ATCC 49619
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MORE TABLE 5

CLSI M100; 29th ed.; 2019 58

B. fragilis ATCC 25285
B. thetaiotaomicron ATCC 29741
C. difficile ATCC 700057
E. lenta ATCC 43055
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MIC QC RANGES

CLSI M100; 29th ed.; 2019

Noteworthy additions

ATCC 27853 range for meropenem
QC ranges established for tebipenem

Noteworthy deletions

Ranges for methicillin, norfloxacin
Ranges for mezlocillin (including anaerobe agar dilution)

Noteworthy revisions

ATCC 27853 range for ciprofloxacin
ATCC 35218 and NCTC 13353 for cefepime

MIC QC ADDED RANGES
E. coli ATCC 25922 meropenem-nacubactam; nacubactam

P. aeruginosa ATCC 27853 meropenem-nacubactam; nacubactam

E. coli ATCC 35218 cefpodoxime

K. pneumoniae ATCC 700603 cefpodoxime

E. coli NCTC 13353 cefpodoxime

K. pneumoniae ATCC BAA-2814 meropenem-nacubactam; nacubactam

CLSI M100; 29th ed.; 2019
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Tables 6‐8

61

TABLE 6 PREPARING STOCK SOLNS

CLSI M100; 29th ed.; 2019

Added solvent and diluent information for:

Nacubactam
Tebipenem
Zidebactam

Deleted solvent and diluent information for:

Methicillin
Mezlocillin
Norfloxacin

Prep instructions for meropenem/nacubactam
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Appendices
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APPENDIX A; SUGGESTED CONFIRM

CLSI M100; 29th ed.; 2019 64
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APPENDIX B; INTRINSIC RESISTANT

CLSI M100; 29th ed.; 2019 65

APPENDIX B; INTRINSIC RESISTANT

CLSI M100; 29th ed.; 2019

** a insufficient in vitro / in vivo correlation
Additional tables for Staphylococcus spp., Enterococcus spp., Bacteroides spp.;

select Clostridium spp., Fusobacterium spp. 

66
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APPENDIX C; QC STRAINS

CLSI M100; 29th ed.; 2019 67

APPENDIX D; N ANTIBIOGRAM

CLSI M100; 29th ed.; 2019

Six US laboratories
Agar dilution

68
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APPENDIX D; N ANTIBIOGRAM

CLSI M100; 29th ed.; 2019 69

APPENDIX E; S and SDD DOSING

CLSI M100; 29th ed.; 2019 70

Big susceptible dose dependent Q & A in Appendix F
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EPIDEMIOLOGICAL CUTOFF VALUE

Wild type below ECV
Non-wild type above ECV (presumed resistant)

MIC values that separate bacterial populations
into those that have (don’t have) resistance
mechanisms strictly on basis of phenotype

Strictly in vitro;
no clinical correlation

CLSI M100; 29th ed.; 2019 71

ECV DETERMINATION

Data can be augmented with molecular profiles

Use a CLSI reference method for testing

≥ 100 unique strains; ≥ 3 laboratories

Only within same species

Must be “on-scale”; lowest concentration tested
cannot be the mode

CLSI M100; 29th ed.; 2019 72
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73

APPENDIX G; ECV

CLSI M100; 29th ed.; 2019

74

APPENDIX H; MOLECULAR ASSAYS

CLSI M100; 29th ed.; 2019

Strategies for reporting methicillin (oxacillin)
results when using molecular/phenotypic AST
methods for S. aureus

Strategies for reporting vancomycin results
when using molecular/phenotypic AST methods
for Enterococcus spp.

Reporting results from ESBL and carbapenemase
molecular tests for Enterobacteriaceae
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GLOSSARIES

CLSI M100; 29th ed.; 2019

Additions

meropenem-nacubactam
tebipenem

imipenem-relebactam

Deletions

methicillin
mezlocillin
norfloxacin

Thank you for your attention.
Have a good 2019.
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