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Objectives

• Discuss practical strategies for both verification and validation studies to 
implement updated breakpoints

• Review and define the performance characteristics of a validation and 
verification

• Identify and integrate key resources that describe validation and verification 
studies and processes
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Where do I start?
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Identify whether your breakpoints are need to be updated

Determine whether a validation or verification is needed

Discuss and prioritize breakpoint updates with your 
antimicrobial stewardship team and the device manufacturer

Perform the study and assess performance

Review! See Romney’s talk for 
details!

See Romney’s talk for details!
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How do I determine if my breakpoints are updated?

• Review CLSI M100 annually 
• Attend annual CLSI webinar!

• Check FDA STIC website for updates. Manufacturers can only use 
breakpoints published on the FDA STIC website.
• Sign up to receive updates!

• Review commercial AST device’s IFU at least annually for updates
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In Oct 2021, CAP Checklist items require laboratories to document
breakpoints in use (MIC.11380) and implement updated breakpoints within 

3 years of publication on FDA STIC (MIC.11385). 
Labs must implement updated breakpoints by Jan 1, 2024 for 

breakpoints updated prior 2021.
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How do I determine if my breakpoints are updated 
and comply with the CAP checklist items?
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• CLSI “Breakpoints in Use”
• Released in June 2022 CLSI AST Newsletter. Available 

free from CLSI at: https://clsi.org/standards/products/microbiology/companion/bpiu/

• Compare breakpoints used with your laboratory’s test 
system(s) to the breakpoints most recently published by 
CLSI or FDA (at your institution’s preference)

• CLSI MS Excel table for comparison of 2023 CLSI 
breakpoints to FDA breakpoints
• Part of forthcoming free CLSI Breakpoint 

Implementation Toolkit resource
Draft, CLSI 2023 Breakpoint Implementation Toolkit

https://clsi.org/standards/products/microbiology/companion/bpiu/
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We’ve identified breakpoints needing to be updated, is it 
possible to implement based on the device?

• If the device is a panel or card, check to see 
if the concentrations on the panel/card can 
accommodate the new breakpoints

• If yes, proceed with validation or verification

• If no, you have some options:
• Discuss with appropriate stakeholders on the 

clinical need and importance of the antimicrobial

• Consider only reporting interpretations that are 
covered by the panel/card, use a validated/verified 
back up method if the MIC falls in the non-
distinguishable range
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0.25The lowest concentration that can be reported is less than or 
equal to (≤) 0.5 µg/mL (no growth in any wells). We cannot 

distinguish between an MIC 0.5 (I) or 0.25 (S)!

Panel X: Ciprofloxacin, Enterobacterales
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How do I determine whether a validation or verification is 
appropriate?
• Understand the difference and risk between validation and verification

• Look at the device IFU or contact the manufacturer to determine whether the device is FDA-
cleared for the updated breakpoints

• It is possible a device may be FDA-cleared for an antimicrobial agent/organism but cleared for a 
breakpoint no longer recognized by CLSI or FDA! Manufacturers are not mandated to update their 
device’s breakpoints.

• Record lab’s action plan in “Breakpoints in Use” spreadsheet!
8

Updated BP 
Status Commercial AST System Status Performance 

Assessment Required
CLSI = FDA CLSI BPs are FDA cleared and available on panel/software Verification

10-15 isolates/drug
CLSI = FDA Device manufacturer has notified customers that device has received FDA 

clearance with updated CLSI/FDA BPs and how to implement BPs within their 
panels/software, if necessary

Verification
10-15 isolates/drug

CLSI = FDA Device manufacturer has not received FDA clearance of the device with updated 
CLSI/FDA BPs

Validation (if desire to use 
CLSI BPs)
30 isolates/drug

CLSI ≠ FDA Manufacturer must provide FDA BPs; use of CLSI BPs would be off label Validation (if desire to use 
CLSI BPs)
30 isolates/drug

Draft, CLSI 2023 Breakpoint Implementation Toolkit

Review! See Romney’s talk for 
details!



Where is validation and 
verification guidance located?
• CLSI M52 1st Edition: One stop shop 

for AST verification (and validation) 
needs
• Entire process (pre-, post- study)

• Isolates

• Comparator method

• Study Design (accuracy, precision, QC)

• Acceptance Criteria

• Discrepancy Testing

Generally geared towards verification, 
but Appendix B describes a validation
for breakpoint updates. 9

Currently under revision!!



Where is validation and 
verification guidance located?

• ASM-APHL’s Carbapenem Breakpoint 
Implementation Toolkit: Toolkit 
specifically for verifying or validating 
updated Enterobacterales carbapenem 
breakpoints
• Collaboration between APHL, ASM, and CDC

• CLSI M52 guideline used as a basis

• Includes detailed instructions, templates, 
worksheets, and isolate list

• Available for free from APHL at: 
https://www.aphl.org/programs/infectious_disease/Pages/CRO-Breakpoint-
Implementation-Toolkit.aspx

https://www.aphl.org/programs/infectious_disease/Pages/CRO-Breakpoint-Implementation-Toolkit.aspx
https://www.aphl.org/programs/infectious_disease/Pages/CRO-Breakpoint-Implementation-Toolkit.aspx
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What do I compare to?

Results from side-by-side testing 
with a CLSI reference method, 

ideally broth microdilution

Results generated by a CLSI 
reference method from well 
characterized stock isolates 

Side by side testing with a 
commercial AST system

Results obtained from prior or 
outsourced testing with a 
commercial AST system
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• “Comparator” method or result: The 
method or result that the lab’s current 
system being compared to. 
• CLSI standard reference method (reference 

broth microdilution or disk diffusion) or a 
previously validated/verified commercial AST 
system

• When comparing to a commercial system, be 
aware of potential bias on bias

The comparator must be already validated or 
verified for use with the updated breakpoints!
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How many isolates do I test for a breakpoint update?

• Verification: 10-15 isolates per drug
• “Limited Verification” in CLSI M52

• Validation: 30 isolates per drug
• Appendix B in CLSI M52

For breakpoint updates, it’s important to test isolates that have results that 
span the range of the test, covering the interpretations, including some 
resistant organisms!
Tip: If performing multiple verifications or validations, select isolates that can be used for 
multiple antimicrobials.
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Drug-resistant Bacteria | ATCC

FDA-CDC Antimicrobial Resistance Isolate Bank

Where can I get isolates?

• Lab’s own isolates, fresh or frozen

• Another lab’s (clinical or public health) isolate collection

• Some labs may have their own well characterized isolates

• At cost isolate banks/repositories (ATCC, Laboratory Specialists, Inc [LSI])

• The Antibacterial Resistance Leadership Group (ARLG) maintains a virtual 
biorepository

• Emerging Infections Program (EIP)’s Active Bacterial Core surveillance 
(ABCs) biorepository 

• Obtain isolates from the CDC & FDA Antimicrobial Resistant Isolate Bank 
(AR Bank)
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Laboratory Specialists, Inc. (labspec.org)

ARLG VB Strain Catalogue (arlgcatalogue.org)

ABCs Isolate Bank Overview | CDC

https://www.atcc.org/microbe-products/bacteriology-and-archaea/drug-resistant-bacteria#t=productTab&numberOfResults=24
https://wwwn.cdc.gov/arisolatebank/
http://www.labspec.org/
https://arlgcatalogue.org/arlgCatalogue/quickSearch/prepareSpeciesStrainSearch?species=Acinetobacter%20baumannii&collection=false
https://www.cdc.gov/abcs/pathogens/isolatebank/overview.html
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What is the AR Bank?

• Interagency collaboration between CDC & FDA to address 
objectives in National Action Plan for Combatting Antibiotic 
Resistant Bacteria (aka “CARB”)

• Established in 2015 to provide isolates to labs free of charge

• Repository of organisms with a variety of resistance 
mechanisms and range of MIC results generated by 
reference BMD 

• Curated panels of isolates to address various needs

• Specific drug validation/verification studies

• Resistant strains

• Emerging or uncommon resistance mechanisms
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Important Links 

Link to website: https://wwwn.cdc.gov/ARIsolateBank/

Link to FAQs: https://wwwn.cdc.gov/arisolatebank/QA

Photo: https://www.cdc.gov/drugresistance/resistance-bank/index.html

https://wwwn.cdc.gov/ARIsolateBank/
https://wwwn.cdc.gov/arisolatebank/QA
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AR Bank over the years…
• 33 panels and >1000 isolates

• The AR Bank continues to grow, adding more panels or isolates based on the needs of the 
customers (fill out those surveys!)

• Movement towards using existing isolates for multiple purposes

VISA

BIT

CRE

CarbaNP

2015

GC

PSA

ACI

CAN

NEW

CTV

CAU

GI

2016

BORSA

IMR

CZA

NEW (+6)

2017

ATS

CAN (+10)

NEW (+8)

DLX

TLZD

FPZ

PLZ

AZP

2018

CAN (+2)

CAN (+2)

SIN

WHO

NID

NCIP

MEV

CRE

DTD

2019

CAN (+1)

CAU (+7)

CDI

2020

ESBL

SHG

NEW (+1)

2021

IMP

NEW (+1)

2022

MULTI

GSUV

NEW (+3)

2023

Data provided courtesy of CDC & FDA AR Isolate Bank; does not include custom panels utilizing existing AR Bank strains (e.g., FDC, FPA). Refer to AR Bank website 
for full panel names. Numbers in parentheses indicate number of isolates added to an existing panel.



Recent survey of AR Bank orders

• AR Bank largely serves clinical 
laboratories

• Verification, validation, or proficiency 
testing is the most common use of AR 
Bank isolates.
• Most frequent reason across all years, ~70% 

of users

Regulatory Submssion to FDA No. of Customers

Yes 74

No 495

Use of Materials No. of Orders

To aid in the development of a diagnostic test 85

To aid in the development of a new drug 32

Verification, validation or proficiency testing 386

Research 47

Other purpose 19

Type of Organization No. of Organizations

Academic 42

Clinical Laboratory 386

Diagnostic Company 51

Pharmaceutical company 20

Federal Agency 4

Public Health Laboratory 48

Other 18

Use of AR Bank Materials for delivered orders, n=569  (2022)

Data provided courtesy of CDC & FDA AR Isolate Bank



What data are available from AR Bank?

• The modal MIC result generated from replicate 
testing (≥ 3 datapoints) by reference BMD method
per CLSI M07

• Phenotypic data (e.g., mCIM, BMD MBL screen, 
BMD ESBL screen)

• Whole genome sequencing (uploaded onto NCBI 
Biosample No. linked)

• Collection year and specimen source, country/region 
are added to some newer isolate panels

• MIC and WGS data can be downloaded to MS 
Excel file
• By panel or for the entire collection of AR Bank 

isolates
• The range of observed MICs can be requested and 

provided on an ad-hoc basis for troubleshooting

17
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What about isolates do I need?

• CLSI worked with AR Bank to curate specific isolate sets of gram-negative 
organisms (n= 30-35) and breakpoint updates.
• Isolates from the most frequently ordered panels were prioritized.
• Reproducibility was reviewed and some antimicrobials were refereed with 

commercial systems (piperacillin/tazobactam).

18

AR Bank Isolate 
Set Name

Reporting Group Antimicrobials

BIT-1 (BIT) Enterobacterales Ertapenem, meropenem, imipenem, cefazolin (systemic), aztreonam, 
cefepime, ceftazidime, cefotaxime, ceftriaxone, ciprofloxacin, 
levofloxacin

BIT-2 (PTA) Enterobacterales Piperacillin/tazobactam, gentamicin, tobramycin, amikacin, colistin

BIT-3 (FPA) Pseudomonas aeruginosa Meropenem, imipenem, aztreonam, cefepime, ceftazidime, 
piperacillin/tazobactam, ciprofloxacin, levofloxacin, colistin

BIT-4 (ACI) Acinetobacter baumannii Meropenem, imipenem, colistin

Details coming soon in the CLSI Breakpoint 
Implementation Toolkit…
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How do I order isolates from the AR Bank?
1. Review BIT set and determine whether isolates need to be ordered

2. Register with AR Bank

3. Start shopping!

• Add panels to cart and submit order

• Only panels can be ordered, not individual isolates (exception for the Isolates with New or Novel 
Mechanism panel [NEW])

4. Complete any necessary forms (Simple Letter Agreement and Biosafety Compliance 
Agreement)

5. Pay for shipping, isolates are free

6. Receive frozen aliquots and store in -80°C freezer

• Follow AR Bank instructions for proper storage and handling

19
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What we’ve 
determined so far…

• Which breakpoints are obsolete

• What type of study we need to perform 
based on our device’s current FDA-
clearance status

• The comparator method or result

• Number and type of isolates to test

• Where to get these isolates

20

Now, let’s start planning the study!
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What performance characteristics do I measure for an AST 
validation or verification?

• Typical verification* for new devices

• Accuracy (30 isolates per drug)

 Essential Agreement
 Categorical Agreement + Errors

• Precision/Reproducibility (3-5 isolates)

• Can use QC strains to create data for IQCP

• QC Testing

• Test QC each day of testing

• Training

• Competency assessments

21

Modifications to assessing performance 
characteristics when implementing updated 

breakpoint on an existing system! 

*For validation, test more isolates to establish
the same performance characteristics
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Quick review of definitions: Accuracy (Agreement)

22

CLIA Performance 
Specifications for new 
Breakpoint Validation

Definition

Essential Agreement (EA) 
(quantitative measure)

When the MIC result obtained by the commercial AST system is within one 
doubling dilution step (two-fold serial dilution) from the comparator result.
• >8 and >16 are in EA
• >8 and 4 are not in EA
• 8 and 4 are in EA
• 8 and 2 are not in EA

Note: When comparing gradient diffusion strips to a MIC from a BMD system, 
always round up the ‘in-between’ results from the gradient strip!

Category Agreement (CA)
(qualitative measure)

When the S, I, SDD, or R interpretation agree between results generated the 
commercial AST system and comparator method. 
• S and S are in CA
• S and I are not in CA

Not necessary to summarize EA for 
validations or verifications to implement 

updated breakpoints!

Accuracy: The agreement of the results from the commercial test system with the results generated by 
the comparator method for the same isolate. Inherent variability of ASTs is incorporated into accuracy 
(typically* ±1 doubling dilution for bacteria or ±2 doubling dilutions for fungi).
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Quick review of definitions: Accuracy (Error types)

Error types provide more information on what’s driving imperfect categorical agreement
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Error Type Definition

Minor

Error when either the comparator result’s or commercial AST result’s interpretation is intermediate 
(or SDD) and the other is susceptible or resistant. 

The overall minor error frequency is expressed as a percentage of results with a minor error 
divided by the total number of results.

Major

Error when the comparator result’s interpretation is susceptible and the commercial AST’s 
result is resistant. 

The overall major error frequency is expressed as a percentage of results with a major error 
divided by the total number of susceptible comparator results.

Very Major

Error when the comparator result’s interpretation is resistant and the commercial AST’s result 
is susceptible. 

The overall major error frequency is expressed as a percentage of results with a major error 
divided by the total number of resistant comparator results.
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Precision (or reproducibility): the closeness of agreement between results (MIC or interpretation) obtained by 
independent replicate measurements (separate inoculum preparations) on the test system under the same 
conditions. The “comparator” result is the mode (or median if mode is not available) of all replicate results that 
occurred per isolate/drug (n=3).
Precision is independent of the comparator method… you can have a precise inaccurate device! Often, precision 
is performed after accuracy of the device has been established.
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Quick review of definitions: Precision/Reproducibility

Note: For AST systems, the terms precision and reproducibility are used interchangeably. For the purpose of the presentation, precision will be used. 

1 1 0.5
What is the most common value?

1 µg/mL = the comparator

Are 1, 1, and 0.5 within a doubling dilution 
of the comparator (1)? 
Yes for all 3 replicates!

Quantitative Precision

S S R

S = the comparator

Are S, S, and R the same as the 
comparator (S)? 
Yes for 2/3 replicates.

Qualitative Precision

What is the most common value?

Use this for breakpoint 
updates!
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How to Design Your Breakpoint Update Study: 
Validation vs. Verification

25

Device Clearance Status for 
Updated Breakpoints Study Type

Accuracy

Precision QC Needed
Competency 
Assessment 

Needed
# 

Isolates 
per 

drug

CA EA mE ME VME

Current device is not FDA-
cleared for new BP. Modified 
FDA-cleared test.

Validation 30  X    Yes
No, follow current 

QC/IQCP 
protocols

Not specifically for 
the validation

Current device is FDA-cleared 
for new BP. Unmodified FDA-
cleared test.

Verification 10-15  X    Yes
No, follow current 

QC/IQCP 
protocols

Not specifically for 
the verification
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What is considered acceptable for accuracy and precision?
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Study 
Component Characteristic The Math Acceptable Criteria

Accuracy

Category Agreement
# with same S, I, SDD, or R

result by reference
Total isolates tested × 100 ≥ 90%, but it can be less in certain circumstances

Minor Error (minE) # with minE
Total isolates tested × 100 No criteria, recommended ≤10%

Major Error (ME) # with ME
Total "S" tested × 100 < 3%, it can be more depending on denominator N*

Very Major Error 
(VME)

# with VME
Total "R" tested × 100 < 3%, it can be more depending on denominator N*

Precision
# equivalent replicates compared
to the mode or median category

Total isolates tested × 100 95% of all data points by antimicrobial 

*An approach could be to set a threshold to a number of errors, rather than a percentage. This was used in the APHL CRO Toolkit.
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When do I start testing?
 Identify which breakpoints are obsolete

 Determine the type of study we need to perform based on our device’s current  FDA-
clearance status

Prioritize updates with antibiotic stewardship and clinical teams

 Select the comparator method or result

 Specify the number and type of isolates to test

 Determine how to get isolates

27

 Define acceptance criteria

 Submit the verification/validation protocol* to your medical 
director for approval

 Engage IT staff

*The full protocol should include purpose, description of the system and comparator method, policy considerations, and 
description of testing components (performance characteristics, QC testing, acceptability, discrepancy resolution procedures,
method used to analyze the results). CLSI M52ED1 Section 3.6.

Let’s start testing!
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Are there any tools to help with documentation and 
calculations?

• Part of the new 2023 CLSI Breakpoint 
Implementation Toolkit includes an interactive MS 
Excel Workbook aligned with AR Bank “BIT” sets.
• AR Bank comparator data already filled in
• Calculations for accuracy and precision 

automatically performed
• Summary of aggregated data

• Record results in validation/verification template

28
Draft, CLSI 2023 Breakpoint Implementation Toolkit

There will be soon…
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How do I approach discrepancy testing?

Troubleshoot to determine if discrepancy testing is necessary.

Generally, ME and VME are always repeated.

1. Review for immediate discrepancy resolution.

2. Review process for potential cause.

3. Conduct discrepancy testing.

29

Tip: Review your data as isolates are being tested to proactively identify discrepancies.
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Discrepant 
Result(s)

Review results for identifiable 
error
• Transcriptional errors
• Re-read test (if applicable)

Review for possible test process errors
• Review and compare other discrepancies (e.g., 

potential isolate mix-up, trend in discrepancy 
type)

• Review quality control results 
• Inspect purity plates
• Review test procedures with testing personnel to 

identify competency gaps and/or deviations 
from the manufacturer’s IFU

Proceed with repeat testing.

Repeat testing for discrepant 
isolate(s) plus QC in triplicate on 

the commercial method only. 
Optional: test additional isolates 

with similar characteristics.

Repeat testing for the 
discrepant isolate(s) plus QC in 

triplicate side-by-side with a 
reference method (if available). 

No

End of 
troubleshooting.

End of 
troubleshooting.

Discrepancy 
resolved?

Contact stock isolate 
provider and commercial 

test manufacturer. 
Review previously tested 

results.

Contact 
commercial test 
manufacturer.

Yes

Fresh clinical isolatePreviously characterized 
stock or QC isolate

Yes Yes

No

No

Test additional isolates 
with similar 

characteristics.

Discrepancy 
resolved?

Discrepancy 
resolved?

Discrepancy 
resolved?

Stage 1: Review for immediate discrepancy resolution

Stage 2: Review processes for potential cause

Stage 3: Discrepancy Testing

No

End of 
troubleshooting.

Yes
CLSI M52 3.8.4 Precision

Some clinical isolates, especially those producing ESBLs 
or other β-lactamases, may produce MIC values that vary 
over four or more dilutions for reference broth dilution 

testing.”

Conducting Discrepancy 
Testing

• Triplicate testing performed side by side (same inoculum 
preparation) with the new and comparator or reference 
system

• Use the modal value

• Test another validated or verified method side-by-side to 
arbitrate

• Replace discrepant result with the new result

• If discrepancy reproduces, contact stock isolate provider 
(if using stock isolates) and/or manufacturer

• Manufacturer may request the isolate to test under their 
optimal conditions

• Consider replacing the isolate with a similar isolate, test 
more isolates

• Consider utilizing result range (i.e., MIC range, zone of 
inhibition range), if available, for justification or 
acceptability of a discrepancy
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Is <90% CA really a ‘failure’?

• <90% agreement may be considered acceptable. Analyze what is driving failures. Are you 
seeing very good EA? What type of errors are driving the CA? If there are high minE, are 
those MICs on-scale and within a dilution? Are you seeing errors in a certain direction? If 
errors are in certain direction, did the manufacturer note this too? Did your QC pass 
throughout the study? Is it one drug that is not performing well or most drugs? Would the CA 
be <90% with old breakpoints?

• If errors are in EA, their CA may be considered acceptable as this not a true indicator of poor 
performance, but as a corollary of the MIC result to the breakpoint location.

• Look at number of ME and VME, as these denominators are S or R by reference, 
respectively. Looking solely at % ME and VME is misleading (1 VME for where there are 
only 4 resistant isolates is 25% VME).

• Weigh the risks of the type of error with new breakpoints versus continuing to use old 
breakpoints.

At the end of the day, acceptable criteria is up to the medical director.

31

NO!
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Sources

“There is a directly proportional relationship between 
the categorical error rate and the percentage of 
isolates that hover around the intermediate MIC 
breakpoint by 1 log2 dilution (i.e., intermediate MIC 
plus 1 log2 dilution and intermediate MIC minus 1 log2
dilution) or the susceptible/resistant breakpoint (if no 
intermediate category is recognized).”

These sources can be used to justify the 
verification of a drug displaying low category 
agreement driven by minor errors. You’re not 

alone, CDC has done this in the past!
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Justification language we’ve used:
Modified Summary Results based on Revised Acceptance Criteria
We propose a modified summary of results based on revised acceptance criteria featuring lowered 
minimum CA caused by higher minor error (mE) rate allowance. The rationale for accepting the revised 
criteria is described below:

Higher mE rates were driven by the high proportion of isolates displaying MICs near or at the 
breakpoints, where inherent variation for EA would cause mEs. In the sets of clinical samples tested, 
these isolates are over-represented, and they would likely not occur at this frequency in routine testing.
The method is performing as expected, based on EA ([range], [overall EA]) for all clinical isolates tested 
and reproducibility (X%) for a selected group of X clinical isolates. In addition, errors are not 
systematically higher or lower.

Option1: We did not observe any ME or VME – the overall risk for these errors should be low based on 
the test performance (EA and reproducibility).

Option2: We did observe few ME or VME, but no more than one of each per drug/organism group – the 
overall risk for these errors should be low based on the test performance (EA and reproducibility).
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Am I done yet?

• After your validation or verification summary has received approval, start utilizing 
the new breakpoints.

• Ensure your IT team has been engaged throughout the process!

34

• Continue to monitor CLSI and FDA for breakpoint 
updates… they are continually revised.

• Don’t forget to notify appropriate stakeholders (e.g., 
antimicrobial stewardship team, clinical staff, pharmacy)!​
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Resources Summary
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Process/Implementation
• CLSI M52ED1 Verification of Commercial Microbial 

Identification and Antimicrobial Susceptibility Testing 
Systems

• APHL-ASM’s CRO Breakpoint Implementation Toolkit
• CLSI 2023 Breakpoint Implementation Toolkit (pending 

release)
• Refer to slides for isolate resources.

Most Recent Breakpoints
• FDA’s Antibacterial Susceptibility Test Interpretive 

Criteria Website

• Link to sign up for email updates

• CLSI M100 Performance Standards for Antimicrobial 
Susceptibility Testing

• Annual M100 update webinar

36

Device’s Current Breakpoint Clearance
• Your device’s most recent IFU
• FDA’s 510(k) Premarket Notification database

Regulatory
• CLIA standard § 493.1253(b)(1) for verification of test systems

• CLIA standard § 493.1253(b)(2) for validation of test systems

• CAP requirements for recording (MIC.11380) and implementing 
updated breakpoints (MIC.11385) in e-LAB Solutions Suite.

• On demand CLSI and CAP Webinar entitled “Breakpoints 
Matter: Understanding CLSI Efforts and New CAP 
Requirement to Ensure Antimicrobial Treatment for all Patients”

https://clsi.org/standards/products/microbiology/documents/m52/
https://www.aphl.org/programs/infectious_disease/Pages/CRO-Breakpoint-Implementation-Toolkit.aspx
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/fda-recognized-antimicrobial-susceptibility-test-interpretive-criteria
https://clsi.org/standards/products/microbiology/documents/m100/
https://clsi.org/standards/products/webinars/education/
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=K191889
https://www.ecfr.gov/current/title-42/chapter-IV/subchapter-G/part-493/subpart-K/subject-group-ECFRc96daead380f6ed/section-493.1253
https://www.ecfr.gov/current/title-42/chapter-IV/subchapter-G/part-493/subpart-K/subject-group-ECFRc96daead380f6ed/section-493.1253
https://clsi.org/standards/products/microbiology/education/astcap22wr/
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Resources in the queue …

CLSI ad-hoc working group for breakpoint implementation (Outreach Working Group)’s 
Breakpoint Implementation Toolkit (collab with ASM, APHL, CAP)

• Summarizes all steps described in this talk in one ‘toolkit’

• Flowchart, introduction narrative, documentation for breakpoints in use (Excel), list comparing 2023 CLSI 
breakpoints to FDA or FDA-recognized breakpoints (Excel), verification/validation template, curated and 
refereed custom AR Bank isolates sets to address specific breakpoints, and tool to aid in result 
documentation and calculations for MIC tests (Excel)

• Will include short ‘how to’ videos

Revised CLSI M52: revision will address only verification

(Potential) New CLSI validation guideline: A proposal is being reviewed for a separate CLSI 
document to address validations (pending consensus process)
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Presentation Wrap Up

• Validation and verification studies are needed when implementing updated 
breakpoints.

• Acceptance criteria for validation and verification data may be modified in certain 
scenarios.

• Guidance for validation and verification studies are currently available and targeted 
resources for breakpoint updates will soon be available through CLSI.
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Thank you!

Questions?
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Supplemental Slides

Do not share in workshop packet.
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Lab Information Isolate Information Comparator Results Test System XZY Results 
Essential 

Agreement 
(Y/N)

Category 
Agreement 

(Y/N)

If  Category 
Agreement is No, 

what is the type of 
error?Date Tested Initials 

of Tester Isolate Organism MIC S,I,R MIC S,I,R

1/10/2023 ASB 1 E. coli >16 R >8 R YES YES

1/10/2023 ASB 2 E.  cloacae 8 R 8 R YES YES

1/10/2023 ASB 3 K. pneumoniae 4 R 2 I YES NO minE

1/10/2023 ASB 4 K. pneumoniae 1 S 0.5 S YES YES

1/10/2023 ASB 5 E. coli 2 I 1 S YES NO minE

1/10/2023 ASB 6 K. aerogenes ≤0.5 S ≤0.5 S YES YES

1/10/2023 ASB 7 K. pneumoniae >16 R 1 S NO NO VME

1/10/2023 ASB 8 K. pneumoniae >16 R >8 R YES YES

1/10/2023 ASB 9 E. coli ≤0.5 S ≤1 S YES YES

1/10/2023 ASB 10 E. coli 16 R >8 R YES YES

Example of Accuracy data
Antimicrobial: Imipenem (1/2/4)



Panel Details
Download panel 
MICs and WGS

Download MICs, 
Biosafety and WGS 
disclaimers

Quick view to AR 
mechanisms and 
hyperlink to NCBI
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AR0346-E.coli (ESBL)-
Ceftolozane/tazobactam

MIC 
(ug/mL)

N 
Observed

1 1

2 2

4 1

8 4
16 2

>16 1

6 dilution spread across all 
categories

MIC 
(ug/mL)

N 
Observed

Int

8 3 S
16 8 I

32 3 R
Nice 3 dilution spread, but spans around the 
breakpoint. AR0300 was the only Acinetobacter 
baumannii with an intermediate interpretation.

MIC 
(ug/mL)

N 
Observed

Int

2 4 S
4 6 I

Tight 2 dilution spread, 
but evenly seen as S and I

AR0075 (K. pneumoniae)-Tigecycline

MIC 
(ug/mL)

N 
Observed

Int

4 8
SDD

8 13

16 17 R

AR0010 (E. coli)-Cefepime

Uneven 3 dilution spread.

MIC 
(ug/mL)

N 
Observed

Int

1 2 S
2 3 I
4 7

R8 16

AR0082 (P. rettgeri)-Meropenem

4 dilution uneven spread

AR0300 (A. baumannii)-
Amp/sulbactam
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Is it just AR Bank isolates?

No! This also happens with QC strains (their ranges are established by CLSI 
Tier 2 studies: ≥7 sites and >200 datapoints).
• 700603’s acceptable QC range for ampicillin/sulbactam is 8/4 – 32/16 ug/mL. It crosses 

all three breakpoints (8/16/32).
• 700603’s acceptable range for piperacillin/tazobactam is 8/4 – 32/4 ug/mL. It crosses S-I 

breakpoints. (BPs: 16/32-64/128)
• 27853’s acceptable range for levofloxacin is 0.5 – 4 ug/mL It crosses all three breakpoints 

(BPs: 1/2/4) and is also a 4-dilution range.
• 27853’s acceptable range for imipenem is 1 – 4 ug/mL. It crosses S-I breakpoint.

Isolates used in verifications are held to a higher standard than strains that 
QC the actual test (which have gone through rigorous testing)!
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Considerations
• Side-by-side testing with a reference methods is ideal, but not always 

feasible. Using pre-characterized isolates, like those in AR Isolate Bank, is 
the next best option as long as its limitations are acknowledged.
• The single MIC posted- Number of observations not posted

• Reproducibility data is not as strong as reproducibility behind development of QC 
ranges (i.e. multi-site testing)

• Some isolates/drugs combinations may be more reproducible than others.
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Relationship of essential agreement, categorical 
agreement, and assay/organism variability

• It is possible to have essential 
agreement but not categorical 
agreement (minor errors for 
S/I/R or ME/VME for S/R, 
S/NS).

• We believe essential 
agreement is the better 
indicator for actual test 
performance (that the test can 
accurately reproduce the 
quantitative result of the 
reference AST method).
• Can be difficult for drugs 

with short dilution schemes

MIC <=1 (no growth) 2 4 8 >8

0 +1-1
Minor 
error

Minor 
error

Agreement
Attained

Reference MIC

What is acceptable for the MIC 
obtained by the test?

A test MIC of 2 µg/mL falls within the inherent variability 
allowance but does not attain categorical agreement.

Example: Imipenem for a P. aeruginosa 

”The MIC or True MIC from a single test is a myth. There is no such 
thing as a true MIC, each MIC test value is actually a single sample 

from a probability distribution.”
-Katherine Sei, CLSI 2017
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CLSI/CAP Webinar 11/20/19. “Rational Approach to Antibacterial and Antifungal Breakpoints: What can and should my laboratory update?”
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It happens to manufacturers too...

• Looking at the 
Enterobacterales challenge 
sets, where higher N of R 
isolates are tested (30% 
versus 2% for fresh clinical 
isolates), CA is poor (in the 
low 80s/70s), but driven by 
minor errors.

• The weight of the very 
susceptible clinical isolate 
population lets the overall 
CA pass.

Thermofisher Sensititre 510(k) clearance data for cefiderocol



“Not appreciating the possibility of 
inherent variability leads to assuming a 
single test MIC is THE MIC or TRUE MIC 
and may lead to erroneous conclusions 

about the performance of an 
antimicrobial agent or test method.”

-Katherine Sei, CLSI 2017
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