
Welcome!
2025 WCLN Conference :

ñLetôs Talk: Antimicrobial 
Resistance, Stewardship, and 
Susceptibility Testingò



Thank you for being here!

ÅHelp yourself to 
refreshments

ÅIntroduce yourself to 
your neighbor
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We Hope You Enjoy the Day!
ÅParticipate in discussions

ÅHelp us learn by sharing your experience and knowledge

ÅSit by, or have lunch with someone you donôt know and 
make a new contact.



Overview of WCLN 
Conferences



Who Plans the WCLN Conferences?
ÅWCLN is a Collaborative Network - WSLH 

relies on LabTAG guidance.

ÅNeeds Assessment - LabTAG focuses on 
needs of the clinical laboratories
ÅBased on their own laboratory experiences

ÅReview comments and suggestions on 
program evaluations

ÅDiversity - LabTAG works hard to ensure 
all labs, no matter their size, have a voice 
and feel included in the WCLN

ÅGoal - Elevate all WCLN laboratories.

ÅNo lab gets left behind or is alone facing 
technology changes, updates, or challenges



What Topics Do We Focus On?
Å Due to frequent changes in antimicrobial susceptibility 

testing (AST), we spend about every other year discussing 
updates to AST at our WCLN Technical Conference

Å Realized microbiology technology was changing and held 
our first spring technical conference in 2009 on Molecular 
Diagnostics
Å 11 laboratories presented information on molecular testing they 

were performing.

Å In 2011 we continued the discussion highlighting available 
molecular platforms as well as other developing 
technologies such as Maldi -TOF
Å Discussed the pros and cons

Å Validation, verification, QC and PT 

Å The sales pitch to administration

Å In 2013 we brought quality into the discussion by asking 
how do we provide quality laboratory services.

Å In 2014 started talking about the future of automation 
and how new technology will impact patient care

Å In 2016 we first discussed syndromic multiplex panels and 
waived PCR testing



2025 Peter A. Shult Award Winner 





Wisconsin Clinical Laboratory Network (WCLN) Spring Technical Conference

Wisconsin Dells, WI Å April 1, 2025

A Susceptibility Testing Catch-22: Applying Current Breakpoints under the Shadow of 

the FDAõs New LDT Rule

Virginia M. Pierce, MD, FIDSA

Medical Director, Clinical Microbiology Laboratory

Clinical Associate Professor of Pathology and Pediatrics (Pediatric Infectious Diseases)

vpierce@med.umich.edu



Ongoing legal challenges to the FDA LDT Rule

https://www.aruplab.com/news/02-20-2025/acla-amp-ask-federal-court-strike-down-fda-rule

https://www.raps.org/news-and-articles/news-articles/2025/2/trump-administration-s-defense-of-ldt-rule-catches

The American Clinical Laboratory Association (ACLA) and the 

Association for Molecular Pathology (AMP) filed lawsuits 

challenging the FDAõs authority to regulate LDTs

Oral arguments were heard 2/19/25 in a US District Court in 

Plano, Texas ðsince then, we have been awaiting the judgeõs 

decision

Some legal experts had expected the Trump administration to walk back the FDA LDT Rule and were surprised that the DOJ 

counsel representing HHS defended the rule (as it had during the Biden administration)

Å Is this truly the administrationõs position? Or have they been so active in other areas that they did not have time to 

reformulate their policy and prepare a new oral argument?

https://www.aruplab.com/news/02-20-2025/acla-amp-ask-federal-court-strike-down-fda-rule
https://www.raps.org/news-and-articles/news-articles/2025/2/trump-administration-s-defense-of-ldt-rule-catches


On 3/31/25 (a.k.a. yesterday!), we got an answer

Ordered that the Final Rule on LDTs be 

vacated, noting that the FDA lacked the 

authority to regulate LDTs



Not yet known whether this decision 

will be appealed and/or if Congress 

will pass legislation in this space

Excerpt from judgeõs 51-page ruling:



New agenda

1. What is a breakpoint?

2. How are breakpoints set?

3. Why do breakpoints change?

4. Why should labs use current breakpoints?

5. How would the FDAõs new LDT rule create a Catch-22 for labs?

6. How do we get out of this mess?!?



Question #1:

What is a breakpoint?



Escherichia coli
Antimicrobial MIC, µg/mL

Ampicillin җ он

Ampicillin-sulbactam җ онκмс

Piperacillin-tazobactam 16/4

Cefazolin 32

Ceftriaxone 16

Cefepime 4

Aztreonam 8

Ertapenem 0.5

Meropenem Ò 1

Gentamicin 2

Amikacin 4

Ciprofloxacin 1

Tetracycline 8

Trimethoprim-sulfamethoxazole җ пκтс
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Breakpoints are predictions

Å Minimal inhibitory concentration (or zone diameter) interpretive cutoffs used to 

predict the likelihood of a successful clinical outcomeif a particular antimicrobial 

is prescribed



Antimicrobial susceptibility testing (AST) results are highly influential in 

prescribing decisions

AST 

results

Spectrum of 

activity

Allergy

Risk of bacterial 

resistance

Antibiotic toxicitySite of infection

Other pathogens 

present Cost

Clinical pathways 

and guidelines



Who sets breakpoints?

There are some differences in the specifics of how 

each organization approaches breakpoint setting

BUT

overall, there really is more thatõs the same than there 

is thatõs different



Question #2:

How are breakpoints set?



1. Microbiological data

2. Pharmacokinetic-pharmacodynamic (PK-PD) data

3. Clinical data

Types of data weighed when setting breakpoints



Category #1: Microbiological Data



Read AST results

Broth microdilution (gold standard for AST)

Identification

MIC
(minimum inhibitory concentration)

Icons from biorender.com



Goal: determine whether an isolate belongs to the òwild-typeó or 

ònon-wild-typeó population

Wild-type:
isolates without any acquired resistance to the 

antimicrobial in question

Non-wild-type:
isolates that have acquired resistance to the 

antimicrobial

https://imageresizer.com/meme-generator/edit/fancy-winnie-the-pooh-meme



What if we generate a lotof MICs?

Å Test a large number of isolates of a single 

species

Å May include organisms isolated from any 

specimen type

Å Plot the results on a histogram ĄMIC 

distribution

https://sentry-mvp.jmilabs.com/



Why arenõt the MICs for wild-type organisms all exactly the 

same?

Å Even under the best controlled testing conditions, the combination of an isolateõs 

inherent biological variability taken together with the technical variability of the assay 

leads to a rangeof MIC values with replicate testing

Å The MIC is often within a 3-dilution (±1 doubling dilution) range, but sometimes this 

can be even wider



What does this MIC distribution show?

Escherichia coliand ampicillin

Ó

WT NWT

https://atlas-surveillance.com/



Epidemiological cutoff value (ECV)

Å ECV = the MIC that separates microbial populations into those without and those with 

acquired resistance based on their phenotypes (wild-type or non-wild-type)

Å What value defines the upper end of the wild-type MIC distribution, such that the MICs for 97.5% 

of WT isolates fall at or below that value?

Å There are specific criteria for how to formally set an ECV

Å General concepts: single species, reliable AST method, lots of isolates, multiple participating 

laboratories, data are not truncated within the wild-type distribution

Å Iterative statistical method used to arrive at the cutoff



How does the ECV factor into the breakpoint?

Å ECV Breakpoint

Å Only describes the MIC distribution

Å Does not account for the other two important categories of data (PK-PD and clinical)

Å Does not predict clinical response



How does the ECV factor into the breakpoint?

Å Important to avoid setting breakpoints within the wild-type MIC distribution (i.e., 

lower than the ECV)

Å If a breakpoint splits the wild-type distribution, we are asking our susceptibility tests to 

differentiate between organisms that are part of the same population and are not 

actually meaningfully distinct from one another

Å The flip-flop between S, I, and R may be frequent and random

Å An individual AST result may not be reliable

Å AST device manufacturers will have difficulty making tests that perform well enough to get FDA 

clearance Ąmost clinical labs will not be able to offer AST



Category #2: PK-PD Data



Interplay between PK and PD of antimicrobials

https://clsi.org/media/1990/ast_news_update_jan18-pkpd.pdf

What are the achievable 

(free) drug levels in blood 

and other body fluids?

What is the relationship 

between (free) drug 

concentration over time 

(exposure) and antimicrobial 

effect?



What PK-PD index is most closely linked to antimicrobial 

effect?
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PK-PD target:

The magnitudeof that PK-PD index at which a desired level of response is achieved



Neutropenic mouse thigh infection model

Cyclophosphamide

AntibioticBacteria

Pharmacokinetics:

t1/2

Cmax

AUC

Clearance...

Pharmacodynamics:

Colony-forming units (CFU) of 

bacteria Ą

PK-PD target (for stasis? for a 1-

log reduction? for a 2-log 

reduction?)

Icons from biorender.com

Mortality?

use strains with MICs and 

resistance mechanisms 

we expect to encounter 

clinically, considering the 

intended use of the drug

human-simulated 

antibiotic regimens



What about PK data in humans?

Å Range of exposures to the antimicrobial agent that are achieved following administration of 

the selected dosage regimens in target patient populations

LodiseTP et al. Pharmacokinetic and pharmacodynamic profiling of minocycline for injection following a single infusion in critically ill adults in a phase IV open-label multicenter study 

(ACUMIN). AntimicrobAgents Chemother2021; 65:e01809.



Dealing with variability: Monte Carlo simulation

Å A model that uses repeated random sampling to predict the probability of 

various outcomes when the input values are variable

Å Estimate the probability of attaining the PK-PD target for efficacy at 

different MICs

https://www.investopedia.com/terms/m/montecarlosimulation.asp. Mouton JW. Setting clinical breakpoints from a PK/PD point of view: it is the dose that matters. In Fundamentals of 

Antimicrobial Pharmacokinetics and Pharmacodynamics, 2014. Roberts JA et al. J AntimicrobChemother2010; 66: 227.



Probability of target attainment (PTA)

Roberts JA et al. J AntimicrobChemother2010; 66: 227.

>90% PTA is often considered 

acceptable

Nonclinical PK-PD cutoff based 

on 1 g q8h = 2 µg/mL



What if the nonclinical PK-PD cutoff falls within the wild-type MIC 

distribution?

USCAST. Aminoglycoside in vitro susceptibility testing interpretive criteria 

evaluations. Version 1.3, 2019.

Unlikely to achieve target attainment with any of the 

gentamicin dosing regimens

This type of modern PK-PD analysis led CLSI to eliminate the 

gentamicin breakpoint for Pseudomonas aeruginosa in 2023



Category #3: Clinical Data



Is there a correlation between MIC and clinical outcome?

MIC, µg/mL Clinical 

Success

Ò 0.5 4/4 (100%)

1 66/67 (98.5%)

2 102/119 (85.7%)

4 25/38 (65.8%)

8 5/15 (33.3%)

16 1/4 (25.0%)

32 2/15 (13.3%)

Ó 64 0/3 (0%)

Look at a clinical dataset through the lens of outcome-by-MIC:



Clinical data donõt always help us know where the breakpoint 

should be

Torres A et al. Ceftazidime-avibactam versus meropenem in nosocomial pneumonia, including ventilator-associated pneumonia (REPROVE): a randomized, double-blind, phase 3 non-

inferiority trial. Lancet Infect Dis 2018; 18: 285.

https://atlas-surveillance.com/

ÅREPROVE

ÅNon-inferiority trial

ÅCeftazidime-avibactam vs. meropenem as definitive therapy 

for patients with nosocomial pneumonia, including ventilator-

associated pneumonia

ÅPrimary endpoint: clinical cure at the test-of-cure visit (21-25 

days after randomization)

ÅCeftazidime-avibactam was non-inferior

CAZ-AVI MIC90

for trial 

isolates

CAZ-AVI MIC90

for isolates we 

typically treat 

with CAZ-AVI*

0.5 µg/mL 4 µg/mL*based on MICs among KPC-producing K. pneumoniae in the 

Pfizer ATLAS database



Barriers to determining the clinical cutoff from clinical trials

Å Most enrolled patients have highly susceptible isolates Ą not possible to see a relationship between MIC and outcome

Å Identification of the major infecting pathogen may not be straightforward

Å Other factors (e.g., host immune status, use of adjunctive treatments) importantly contribute to between-patient variability

Å The infections studied donõt reflect how the drug will be used in clinical practice

Å Ideal datasets would include:

Å Patients with the type of infection for which the drug will be used clinically

Å Clear microbiological diagnoses/monomicrobial infections

Å Reference broth microdilution AST data

Å Organism MICs straddling where you think the breakpoint might be

Å Patients that received a specific dose of drug and had PK studies

Å Instead, we are often evaluating clinical data from observational studies performed after a drug comes into use (many 

caveatsé)



Putting it all together



Balancing the three different types of data through a 

consensus process

Clinical
PK-PD

Microbiology

Epidemiological cutoff 

value (ECV)

Nonclinical PK-PD 

cutoff

Clinical exposure 

response cutoff
Clinical cutoff

A B C D

Decisions are not formulaic or òone-size-fits-alló

The strengths and limitations of each type of data are weighed in an open consensus-based 

process involving experts in each type of data and balanced representation from a variety of 

interested parties (professions, government, and industry)

Microbiology PK-PD Clinical



Question #3:

Why do breakpoints change?



Knowledge
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Science leads to increasingly secure knowledge

As new data come to light, our 

understanding evolves and 

becomes progressively more 

robust.

This is how science is supposed to 
work!

Modified from https://scrum-master.org/en/understanding-the-cone-of-uncertainty-and-agile-estimation-mastering-uncertainty-in-your-projects/



Setting breakpoints is an iterative process

Data from studies reflecting current real-

world clinical practice and outcomes

Data from trials supporting initial 

approval of a drug

Modified from https://digital.gov/guides/hcd/design-concepts/iteration/



Factors that may 

lead to 

reassessment of 

a clinical 

breakpoint

Emergence (or recognition) of 

new resistance mechanisms

New PK-PD data indicate that 

existing BPs may have been set 

inappropriately high or low

Prevailing dosage regimens differ 

substantially from the dosage 

regimens that were used to 

establish initial BPs

Clinical signal that existing BPs 

are not performing well to 

predict clinical response

Existing BPs were set before the introduction of current analytical 

methods used to determine relationships among drug exposure, 

organism susceptibility, and clinical response

CLSI M23-Ed6; 2023. Icons from biorender.com



Trial was stopped early as 

a difference in primary 

outcome was observed at 

a pre-specified stopping 

rule (p=0.004)

ÅRandomized controlled non-inferiority trial

ÅPiperacillin-tazobactam (TZP) vs. meropenem (MEM) as definitive therapy for 

patients with ceftriaxone-resistant E. coli or K. pneumoniae bacteremia

ÅExclusion criteria: polymicrobial bacteremia, concomitant antibiotics with 

gram-negative activity, TZP or MEM resistance (based on local testing)

ÅPrimary outcome: all cause mortality at 30 days after randomization

Real-world example: the MERINO trial

Harris PNA et al. Effect of piperacillin-tazobactam vs meropenem on 30-day mortality for patients with E. coli or Klebsiella pneumoniae bloodstream infection and ceftriaxone resistance: a 

randomized clinical trial. JAMA 2018; 320: 984.



Henderson A et al. Association between minimum inhibitory concentration, beta-lactamase genes and mortality for patients treatedwith piperacillin-tazobactam or meropenem from the 

MERINO study. Clin Infect Dis 2021; 73: e3842.

Unfortunately, some patients with 

piperacillin-tazobactam resistant 

isolates were enrolled



Association between TZP MIC and mortality

Henderson A et al. Association between minimum inhibitory concentration, beta-lactamase genes and mortality for patients treatedwith piperacillin-tazobactam or meropenem from the 

MERINO study. Clin Infect Dis 2021; 73: e3842.

Important driver of a comprehensive review of the Enterobacterales piperacillin-tazobactam breakpoint by CLSI 
Ą loweredbreakpoint in 2022



Breakpoints exist within a life cycle

Pierce VM, Mathers AJ. J PediatrInfect Dis Soc 2022; 11: 73.



FDA cleared device Í current breakpoints!

Manufacturers are not required to 

update BPs after their devices have 

received FDA clearance; they can 

continue to market òlegacyó devices.

Market forces motivate decisions 

about whether to pursue clearance 

with updated FDA BPs.

FDA is working to make it easier for 

manufacturers to update BPs.

Humphries RM et al. J Clin Micro 2019; 57: e00203. https://www.fda.gov/media/172463/download(guidance issued 9/2923)

Just because youõre using an FDA-cleared AST device, does not mean 

you are using current FDA breakpoints (let alone current CLSI 

breakpoints)!

https://www.fda.gov/media/172463/download


Question #4:

Why should labs use current breakpoints?



2

3

Inform empiric therapy

Aid infection prevention

4
Track resistance

1
Predict clinical outcome

Guide targeted antimicrobial therapy in individual patients

Produce a cumulative antibiogram from institutional data

Screen for organisms with exceptional resistance

Measure success/failure of strategies to counteract its spread

How are our AST results being utilized?



Each of these applications are impacted by using an outdated 

breakpoint

Example:

Labs are using outdated 

(too high) carbapenem 

breakpoints for 

Enterobacterales

Guide targeted antimicrobial therapy in 

individual patients 

Inform empiric therapy

Aid infection prevention

Track resistance

Carbapenems are prescribed for treatment of 

CRE (including CPO) infections, leading to bad 

patient outcomes

Institutional rates of CRE and CPOs are 

underestimated when developing treatment 

guidelines and when making formulary 

decisions

Patients with CPOs go unrecognized, allowing 

carbapenemases to spread from patient to 

patient across the healthcare system and the 

community

Underreporting leads to inaccurate 

understanding of the current scope of the 

problem and reduced ability to measure the 

impact of interventions



Orange County example

Bartsch SM et al. J Clin Microbiol2016; 54: 2757. 

Used a simulation to model the impact of a delay in implementing updated carbapenem breakpoints on the number of CRE 

carriers in a single county in California

Even though the new (lower) breakpoints identified more existing CRE carriers, their identification resulted in fewer cases 

of transmission due to the use of contact precautions

2.5-year delay in implementing new breakpoints would have resulted in ~1,821 more CRE carriers countywide



Delays are (or at least, have been) a reality

Timeline to implementation of current carbapenem breakpoints for Enterobacterales in California (among the 74 labs of 

128 surveyed that disclosed this information)

Humphries RM et al. Clin Infect Dis 2018; 66: 1061.

Average =

41 months



Simner PJ et al. Open Forum Infect Dis 2022; 9: ofac007.

Outdated breakpoint use common among CAP-accredited US 

laboratories in 2019

Depending on the bug-drug combination, 

37.9-70.5%of labs reported using obsolete 

interpretive criteria



Why were labs using obsolete breakpoints?

Simner PJ et al. Open Forum Infect Dis 2022; 9: ofac007.



CAP checklist update put labs in the hot seat!

CAP Accreditation Program Microbiology Checklist, December 2024.

At minimum, CAP-accredited labs need to 

implement updated FDA BPs within 3 years of 

publication, even if their AST device still uses 

obsolete BPs.

Labs can also implement CLSI BPs, even those not 

recognized by FDA.

Both scenarios constitute modifications of the 

deviceõs IFU that require validation.



ÅLabs may be able to use up-to-date breakpoints with their existing commercial AST device 
if it includes the appropriate dilutions, following performance validation

ÅResources with expert guidance:

ÅArchived CLSI-CAP webinar (Breakpoints Matter)

ÅArchived CLSI BIT webinar (Get Current)

ÅCLSI M68 document forthcoming in 2026

Labs have been putting in the work

https://clsi.org/meetings/ast/breakpoints-in-use-toolkit/

https://clsi.org/standards/products/microbiology/education/astcap22wr/
https://clsi.org/standards/products/microbiology/education/bit-webinar/4
https://clsi.org/meetings/ast/breakpoints-in-use-toolkit/


What do these validations realistically look like?

ÅUnreasonable to expect individual clinical laboratories to truly establishperformance 
specifications for an AST when using off-label breakpoints in the same way that a 
commercial device manufacturer would be expected to do (large clinical trials)

ÅIn some cases, breakpoint update validations may consist of reanalyzing existing data; in 
others, labs may need to test some contemporary isolates, but will not have resources to 
test huge numbers

ÅLab directors may take a risk-based approach, weighing the risks of notupdating the 
breakpoints vs. small challenges identified with testing (i.e., do I care more about a few minor 
errors or about the % of my isolate population that tests òSó by the old breakpoints but òRó 
by the new breakpoints?)

ÅLabs that do have the resources for larger studies looking at the performance of commercial 
AST devices with updated breakpoints should consider doing those studies and publishing 
their results to help inform decision-making across the clinical microbiology community



Question #5:

How would the FDAõs new LDT rule create a Catch-22 for labs?



FDA Laboratory-Developed Tests (LDT) Rule

ÅFDA released their proposed oversight rule on 9/26/23 and their final rule (500 pages!) 
on 4/29/24 (officially published on 5/6/24)

ÅRule says that FDA will start regulating tests (or in their words, òphase out enforcement 
discretionó) when the manufacturer of a test is a laboratory
Åi.e., they consider LDTs òdevicesó under the Federal Food, Drug & Cosmetic Act



ÅYes. Using breakpoints that are different than those for which a device received FDA 
clearance is considered by FDA to constitute a òsignificant modification that could affect 
the safety or effectiveness of the testó

ÅThis is true even if the breakpoints you want to use are those currently recognized by 
FDA. If the manufacturer has not sought and received clearance of their device with the 
updated breakpoints, updating them in an individual lab Ą LDT

But wait! Does modifying the breakpoints really turn my FDA-cleared 

AST into an LDT?



Drug Device clearance Current CLSI Current FDA

Piperacillin-tazobactam Ò 64/4 S, Ó 128/4 RÒ 16/4 S, 32/4 I, Ó 64/4 RM100 recognized

Ceftazidime Ò 8 S, 16 I, Ó 32 R*Ò 8 S, 16 I, Ó 32 R Ò 8 S, Ó 16 R

Cefepime Ò 8 S, 16 I, Ó 32 R*Ò 8 S, 16 I, Ó 32 R Ò 8 S, Ó 16 R

Ceftazidime-avibactam Ò 8/4 S, Ó 16/4 RÒ 8/4 S, Ó 16/4 RM100 recognized

Ceftolozane-tazobactam Ò 4/4 S, 8/4 I, Ó 16/4 RÒ 4/4 S, 8/4 I, Ó 16/4 RM100 recognized

Aztreonam Ò 8 S, 16 I, Ó 32 R*Ò 8 S, 16 I, Ó 32 RM100 recognized

Imipenem Ò 4 S, 8 I, Ó 16 R*Ò 2 S, 4 I, Ó 8 R M100 recognized

Meropenem Ò 4 S, 8 I, Ó 16 R*Ò 2 S, 4 I, Ó 8 R M100 recognized

Ciprofloxacin Ò 1 S, 2 I, Ó 4 R* Ò 0.5 S, 1 I, Ó 2 R M100 recognized

Levofloxacin Ò 2 S, 4 I, Ó 8 R* Ò 1 S, 2 I, Ó 4 R M100 recognized

Tobramycin Ò 4 S, 8 I, Ó 16 R* Ò 1 S, 2 I, Ó 4 R Ò 4 S, 8 I, Ó 16 R

Example: Sensititre Gram-Negative GN7F AST Plate ïPseudomonas aeruginosa (as of 5/6/24)

*No breakpoint listed in the Pseudomonas aeruginosa only column of IFU; breakpoint listed pulled from ònon-Enterobacteriaceaeó column of IFU

On-label use; validating these BPs = LDT; impossible under LDT rule since FDA only clears devices that use FDA breakpoints



ÅMay require submission of new data to FDA (time and $$$)

ÅRisk of losing other claims, for example:
ÅSensititre meropenem was cleared with generic ònon-Enterobacteriaceaeó breakpoints of Ò 4, 8 I, Ó 

16 R many years ago

ÅCLSI subsequently set a different meropenem breakpoint for P. aeruginosa (Ò 2, 4 I, Ó 8 R), and this 
was recognized by FDA

ÅIf Sensititre goes to FDA with data showing that their meropenem test works well with the updated 
P. aeruginosa breakpoints, FDA will review meropenem performance for all organisms tested with 
the device

ÅSince FDA only clears devices that use FDA breakpoints, Sensititre would lose their grandfathered 
claim for meropenem testing of òother non-Enterobacteralesó (e.g., non-aeruginosa Pseudomonas, 
Achromobacterspp., etc.) because FDA does not have meropenem breakpoints for these organisms

Why are manufacturers reluctant to submit devices for clearance with 

current FDA breakpoints?



òLegacyó device cleared with now obsolete 

breakpoints

Use on-label with obsolete breakpoints, risking patient 

safety and out of compliance with CAP requirements?

Pressure device manufacturer to update to the current 

FDA breakpoints, risking loss of claims for other 

organisms?

Validate as an LDT with the current FDA breakpoints?

Stop testing this bug-drug combination with this device and 

bring on a new system that can be used on-label?

Device is cleared with current FDA 

breakpoints, but FDA and CLSI breakpoints 

donõt match

Use on-label with FDA breakpoints. This follows the 

minimum CAP requirements but is against the lab director 

and antimicrobial stewardship teamõs preference to use 

the CLSI breakpoints, which are judged to be scientifically 

current.

It will not be possible to get FDA clearance of the test as 

an LDT using the CLSI breakpoints, even after validation, 

since FDA only clears tests that use FDA breakpoints.

It will not be possible to get FDA clearance of test as an 

LDT using the CLSI breakpoints, even after validation, 

since FDA only clears tests that use FDA breakpoints.

Stop testing this bug-drug combination entirely. 

Prescribers will not have AST results to guide their 

antibiotic decision-making.

FDA does not have any breakpoints, but CLSI 

does



A problem for which the only solution is denied by a circumstance 
inherent in the problem or by a rule

Merriam-Webster

A tricky problem; a no-win or absurd situation
Wikipedia

CAP requires up-to-date breakpoints (good for patients)

Our primary solution to breakpoint gaps has been 

modification of commercial AST devices for off-label use

But now labs would be put into an impossible situation by 

the FDAôs LDT Rule

Most labs wouldnôt have the resources to do everything 

required under the rule

Some AST would become impossible, since in the 

absence of an FDA breakpoint, FDA will not authorize a 

test



Wolfe KH et al. Clin Infect Dis 2024; 78: 1140.

At the time of publication (April 2024), there were >220 differences between CLSI and FDA breakpoints, 173 of which were situations 

in which CLSI had a breakpoint published in the M100 that FDA did not recognize and for which FDA had no breakpoint

This tally did not include any of the breakpoints in the CLSI M45 document (e.g., Abiotrophia, Aeromonas, etc.)

Clinical vignettes describing what would happen under the FDA LDT Rule given the lack of FDA breakpoints for bug-drug 

combinations like daptomycin with Enterococcus faecium, TMP-SMX and doxycycline with Staphylococcus aureus, and any drugs 

with Stenotrophomonas maltophiliaðthese are not esoteric scenarios!





Exemptions from pre-market review

ÅTests first marketed before 5/6/2024
ÅNotexempt from compliance with first two phases, including listing and labeling

ÅAll bets are off if you modify something important (for example, a breakpoint)

https://www.fda.gov/medical-devices/laboratory-developed-tests-faqs/phaseout-policy-and-enforcement-discretion-policies-

laboratory-developed-tests-faqs



Exemptions from pre-market review

ÅòUnmet needó LDTs
ÅManufactured and performed by a laboratory integrated within a healthcare system to meet an unmet need for 

patients within the same healthcare facility

ÅDoes not include patients being treated at an affiliated hospital with a different corporate ownership than the 
laboratory

ÅLimited to LDTs that are ordered by a healthcare practitioner on the staff or with credentials and privileges at a facility 
owned and operated by the same healthcare system employing the laboratory director and performing the LDT (FDA 
believes the shared responsibility and potential liability for patient outcomes mitigates risk)

ÅòUnmet needó means there is no available FDA-authorized IVD that meets the patientõs needs

ÅThe decision-making process for determining if an LDT qualifies for the òunmet needó exemption was not clarified in 
the FDA rule and had remained unclear

https://www.fda.gov/medical-devices/laboratory-developed-tests-faqs/phaseout-policy-and-enforcement-discretion-policies-

laboratory-developed-tests-faqs



What counts as an òunmet needó?

ÅThere is no FDA-cleared AST for a bug-drug combination because there is no FDA breakpoint, and so FDA clearance is not 
possible?

ÅThere is no FDA-cleared AST for a bug-drug combination for which there is an FDA breakpoint, but for which no commercial 
manufacturer has (yet) sought clearance?

ÅThere is no AST that was cleared with the current FDA breakpoints for a bug-drug combination, only ASTs cleared with 
obsolete breakpoints?

ÅThere is at least one FDA-cleared AST device for the bug-drug combination that uses current FDA breakpoints, but my lab 
doesnõt own the necessary instrumentation?

ÅThere are FDA-cleared AST devices for the bug-drug combination, but CLSI breakpoints differ from FDA breakpoints? 
Probably not, since FDA states that òpotential improvement in performanceó does not fall within this policyé?



Question #6:

How do we get out of this mess?!?



Deus ex machina

ògod from the machineó ða plot device 

whereby a seemingly unsolvable problem in a 

story is suddenly or abruptly resolved by an 

unexpected and unlikely occurrence

https://www.quora.com/How-many-Greek-plays-actually-employed-Deus-Ex-Machina

https://newsroom.cap.org/latest-news/court-throws-out-ldt-rule/s/3f27177c-4473-401a-95cc-eefdbefa64fa



https://www.linkedin.com/pulse/traversing-twists-turns-guide-finding-clear-path-forward-shaik-saleem/



Potential paths forward if LDT Rule stood?

ÅPath #1: AST carve-out
ÅFDA could create a carve-out for AST from LDT regulation (keep the status quo)

ÅDownside of this approach is that the status quo is not great ðwe have lots of breakpoint gaps and the 
burden is on clinical labs to close those gaps to deliver the highest quality patient care

Wolfe KH et al. Clin Infect Dis 2024; 78: 1140.



Potential paths forward if LDT Rule stood?

ÅPath #2: òMIC onlyó AST device clearance
ÅFDA could move to a system whereby they clear AST devices on an òMIC onlyó basis (i.e., focus on 

essential agreement and bias as performance criteria, rather than categorical agreement)

ÅWould align with the ex-US approach, where ISO 20776-2 guidance is followed to determine the 
performance of AST devices

ÅWould ensure accuracy of test results (MICs) while allowing interpretation of those MICs using the 
most up-to-date breakpoints according to CLSI

ÅWould remove the requirement for commercial device manufacturers to resubmit to FDA when 
breakpoints are updated, leading to much faster implementation

Wolfe KH et al. Clin Infect Dis 2024; 78: 1140. Patel JB et al. J Clin Microbiol2023; 61: e0115422. ISO-20776-2; 2021.



Potential paths forward if LDT Rule stood?

ÅPath #3: Broad recognition of CLSI breakpoints by FDA
ÅFDA could decide to much more broadly recognize CLSI breakpoints, especially for high priority bug-

drug combinations

ÅWe then need AST device manufacturers to rapidly submit devices for clearance with these newly 
recognized breakpoints

ÅWe need FDA to be clearer about the specific data required for breakpoint updates and to streamline the 
submission pathway

ÅThe FDA Special Controls Document that gives guidance to AST device manufacturers was last updated in 2009, 
and yet the expectations have significantly evolved in the interim as evidenced by FDA decisions outlined in 
510(k) decision summaries ðmanufacturers basically have to deduce the unwritten rules through careful 
examination of FDAõs decisions

Wolfe KH et al. Clin Infect Dis 2024; 78: 1140. Patel JB et al. J Clin Microbiol2023; 61: e0115422. Class II Special Controls Guidance Document: Antimicrobial Susceptibility Test (AST) 

Systems, document issued August 28, 2009.



Updates to FDAõs STIC website 

1/16/25 and 2/12/25

https://www.fda.gov/drugs/development-resources/notices-updates

(Similar language about the CLSI yeast, filamentous fungi, mycobacteria, and mycoplasma AST 

documents!)

Some differences remain, but the list of breakpoint gaps between CLSI and FDA suddenly got 

a whole lot shorter!



What should we be doing in the meantime?

https://personal-evolution-company.mykajabi.com/blog/no-sticking-your-head-in-the-sand

Å Take inventory of which ASTs in your lab qualify as LDTs (consider using the organizational framework you developed 

to take stock of your òbreakpoints in useó in fulfillment of CAP checklist requirements)

Å Make sure your organization is prepared to meet the phase 1 requirements for all LDTs: compliance with medical 

device reporting (MDR) requirements, correction and removal reporting requirements, and quality system (QS) 

requirements regarding complaint files

Å Stay in touch with your AST device manufacturer(s) about their plans to seek clearance with updated breakpoints 

given recent updates to FDA STIC

Å Continue to work with your antimicrobial stewardship team to prioritize and implement breakpoint updates, using the 

validation and risk assessment strategies you think are appropriate

Å Pay attention to news and information about this topic (including that shared by your professional societies)



Thank you!
vpierce@med.umich.edu
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Phenotypic AST

Detection of arrest of bacterial cell growth in the presence of antimicrobial agent

Automated AST instrument, gradient diffusion, disk diffusion, broth microdilution

Genotypic AST

Detection of genes known to correlate with antimicrobial resistance

Currently available genotypic AST

Blood Culture ID

Luminex Verigene

BioFire FilmArray

Roche (GenMark) ePlex

Multiplex Syndromic Panels

BioFire FilmArray Pneumonia, Joint Infection

Narrow/single target tests

MRSA screen (mecA/mecC)

VRE screen (vanA/vanB)

M. tuberculosis complex PCR (RIF resistance)

Genotypic vs Phenotypic Antimicrobial Susceptibility Testing

** **



Genotypic vs Phenotypic Antimicrobial Susceptibility Testing

Resistance Genes Relevant Organisms Antimicrobial

Gram Positive Organisms

mecA

mecC

Staphylococcus

species
Oxacillin and/or cefoxitin 

vanA

vanB
Enterococcus species Vancomycin

Gram Negative Organisms

CTX-M Enterobacterales Ceftriaxone

KPC

NDM

VIM

IMP

OXA23/48

Enterobacterales, 

P. aeruginosa, 

Acinetobacter species

Meropenem AND Ertapenem



Genotypic vs Phenotypic Antimicrobial Susceptibility Testing

Resistance Genes Relevant Organisms Antimicrobial

Gram Positive Organisms

mecA

mecC

Staphylococcus

species
Oxacillin and/or cefoxitin 

vanA

vanB
Enterococcus species Vancomycin

Gram Negative Organisms

CTX-M (ESBL) Enterobacterales Ceftriaxone, cefotaxime

Carbapenemases

KPC

NDM

VIM

IMP

OXA23/48

Enterobacterales

P. aeruginosa

Acinetobacter species

Ertapenem

Meropenem



Limited to bug/drug combinations with single (or narrow) mechanism of resistance
mecAdetection predicts methicillin-resistant S. aureus
vanA/B detection predicts vancomycin resistant Enterococcus species

Antimicrobial resistance (AMR) genes not on panel may be missed
mecCdetection may be missed if panel detects only mecA-> miss MRSA
vanBdetection may be missed if panel detects only vanA-> miss VRE

Complex mechanisms of resistance lead to lower predictive power
Absence of marker does not necessarily predict susceptibility
Barrier to prediction in Gram negative organisms

Lack of detection of CTX-M does not predict cephalosporin activity
Lack of detection of carbapenemasegenes does not predict carbapenem activity

Limitations

Genotypic AST is performed in addition to (not in lieu of) 

phenotypic AST



Reporting

Incorporate into culture results vs separate line list

Considerations:

LIS/EMR capabilities

Billing

Implementing Genotypic Susceptibility Testing:

Reporting and Communication



Reporting

Incorporate into culture results vs separate line list

Considerations:

LIS/EMR capabilities

Billing

Incorporate interpretation comments into reports

Determine in collaboration with antimicrobial stewardship group

ñmethicillin susceptible/resistantò

ñvancomycin susceptible/resistantò

ñESBL producerò

ñresistant to carbapenem antibioticsò

Initial go-live communication with physicians

Emphasize preliminary nature of results

Discuss possible discrepancies and expected outcomes

Implementing Genotypic Susceptibility Testing:

Reporting and Communication



Phenotypic AST remains the gold standard

Implement checks in SOPs to confirm genotypic / phenotypic agreement

Check PRIOR to reporting phenotypic AST

Establish basic procedures for work up of discrepancies

Communication pending resolution

Clinical team, section director, management (TS, lead, supe, etc)

Relevant Organisms
Resistance 

Genes

BCID Gene 

Result
Antimicrobial Expected AST Result

BCID-GP

Staphylococcus

species

mecA

mecC

Detected
Oxacillin and/or cefoxitin 

Resistant

Not Detected Susceptible

Enterococcus species
vanA

vanB

Detected
Vancomycin

Resistant

Not Detected Susceptible

BCID-GN

Enterobacterales CTX-M Detected Ceftriaxone, cefotaxime Resistant

Enterobacterales, 

P. aeruginosa, 

Acinetobacter species

KPC

NDM

VIM

IMP

OXA23/48

Detected
Meropenem AND 

Ertapenem
Resistant

Implementing Genotypic Susceptibility Testing:

Laboratory Implementation



Genotypic to Phenotypic Comparison Scenarios

1. Genotype correlates with phenotype
No further testing required

2. AMR gene detected; isolate is phenotypically susceptible

3. AMR gene not detected; isolate is phenotypically resistant
Require additional follow up



Documentation

BCID module, panel lot

Blood culture bottle type, lot

Any additional necessary for vendor 

troubleshooting

BCID AMR GENE CONFLICT TROUBLESHOOTING QUICK GUIDE

ÅConfirm pure culture; if mixed, work up separately

ÅConfirm organism ID 

ÅRule out clerical errors

ÅReview patient history / past AST

Initia l steps  

performe d by 

bench tec h

If conf li ct is  not  

resolv ed

ÅDocument module and lot number of BCID panel used

ÅDocument lot number of blood culture bottle

ÅNoti fy management and secti on dir ector

ÅHold AST

ÅPerform below steps in consultation with section director / mgmt

Å Confirm culture purity: if mixed, CoNS may carry the mecA/C gene

Å Confirm correct AST breakpoints were used

Å Perform PBP2a

Å Reset AST by alternative method

Å Reset AST with 50McF (100X inoculum)

Å Subculture blood culture bottle to BAP with FOX disk in Q1; repeat 

AST from growth within the zone

Presence of the FOX disk may help induce mecA expression

May help identify heteroresistant (mixed R/S) population

Å Perform mecA PCR directly from colony (eg, Xpert)

mecA/C detec ted

meth ic il li n suscept ible

ÅHeteroresistant population

ÅMixed culture

ÅGene deletions / mutations

If unable to resolve, report methicillin R

ÅConfirm species-level identity

E. gallinarum and E. casseliflavus are resistant to vancomycin 

via the vanC gene

Å Repeat vancomycin AST by alternative method

vanA/B detec ted

vancomy cin suscept ible

ÅHeteroresistant population

ÅGene deletions / mutations

If unable to resolve, report vancomycin R

ÅSubculture blood culture bottle to BAP with CRO disk in Q1; repeat 

AST from growth within the zone

Presence of CRO may help identify a resistant population

Å Repeat 3rd gen cephem AST by disk

CTX-M detec ted

ceft riaxone suscept ible

ÅHeteroresistant population

ÅPoor ESBL expression

ÅLoss of plasmid

If unable to resolve, report penicillins, cephalosporins, aztrenonam R (check CRO, FEP, ATM, TZP)

ÅSubculture blood culture bottle to BAP with MEM disk in Q1; repeat 

AST from growth within the zone

Presence of MEM may help identify a resistant population

Å Repeat meropenem and ertapenem AST by disk

Å Send to KDHE for additional genetic testing

carbapenemase detec ted

merope nem / ertape nem 

suscept ible

ÅPoor CPase expression

ÅHeteroresistance

ÅGene truncation

ÅLoss of plasmid

If unable to resolve, report 3rd and 4th generation cephalosporins and carbapenems R

Blue: Conflict; Green: Most likely scenario; Clear: Possible resolution steps

REFERENCES

CLSI M100 Appendix H

Yee, R et al. JCM 2021 

(PMID 33441396)

Initial Work Up

Confirm purity of culture and AST set up

Confirm organism ID as appropriate

Rule out clerical errors; double check BCID 

reporting

Review patient history / AST for similar results

Genotypic/Phenotypic Conflicts

Approaches to Troubleshooting



Genotypic to Phenotypic Discrepancy Cases

What to do when the results donôt agree



Gram:

Gram negative rods 

BCID:
Proteus mirabilis detected

KPC, NDM, IMP, VIM, OXA23/48 not detected

Culture:
Proteus mirabilis 

AST:
Amikacin <=8 S

Amp/Sulb >16/8 R

Ceftriaxone >=4 R

Ertapenem <=0.25 S

Imipenem >2 R

Gentamicin >8 R 

Levofloxacin >4 R

Pip/ Tazo 32/4 I

Trim/Sulfa >2/38 R

Discrepancy

Carbapenemase gene not detected 

Ertapenem S / Imipenem R

Reason

Proteus, Morganella, Providencia have intrinsically elevated IMI MIC

CLSI M100, Table 2A-1, Comment 25

Troubleshooting Considerations

None

Resolution

None

Does not need management review

Genotypic/Phenotypic Discrepancies: Case 1



(Biological) Sources of Genotypic/Phenotypic Conflicts

Reason 1: Alternative mechanism for resistance
Troubleshooting:

Rule out alternative explanations

Understand resistance mechanisms outside of detected AMR genes (M100 very helpful!)

Organism Phenotypic AST Genotypic AST Mechanism

E. cloacae complex Ertapenem R No 

carbapenemase

gene detected

Derepressed ampC + porin mutation

Acinetobacter 

baumannii 

Meropenem R No 

carbapenemase

gene detected

OXA-23 or OXA-24/40 not detected by 

panel

Staphylococcus 

aureus

Oxacillin R mecA negative mecC

Staph ɓ-lactamase hyperproduction 

(BORSA) 



Gram:

Gram positive cocci 

BCID:
Staphylococcus epidermidis detected

mecA/C gene detected

Culture:
Staphylococcus epidermidis 

AST:
Clindamycin <=0.5 R

Daptomycin <=1 S

Erythromycin >4 R

Gentamicin <=2 S

Linezolid 2 S

Oxacillin 1 S

Rifampin <=0.5 S

Tetracycline <=0.5 S

Trim/Sulfa <1/19 S

Vancomycin 1 S

Discrepancy

mecA/C gene detected 

Methicillin susceptible 

Reason 

Incorrect breakpoints used

Troubleshooting Considerations

Confirm correct breakpoints with CLSI M100 document

Resolution

Report using correct breakpoints

Genotypic/Phenotypic Discrepancies: Case 2

Staphylococcus species

Oxacillin

Interpretive Categories and MIC Breakpoints

S I R

S. aureus and S. 

lugdunensis
Ò2 - Ó4

S. epidermidis Ò0.5 - Ó1

S. pseudintermedius, S.

coagulans, and S. 

schleiferi

Ò0.5 - Ó1

Other Staphylococcus spp. Ò0.5 - Ó1



Gram:

Gram positive cocci 

BCID:
Staphylococcus aureus detected

Staphylococcus epidermidis detected

probable contaminant

mecA/C gene detected

Culture:
Staphylococcus aureus

Staphylococcus epidermidis, probable contaminant 

AST:
Staphylococcus aureus

Clindamycin <=0.5 R

Daptomycin <=1 S

Erythromycin >4 R

Gentamicin <=2 S

Linezolid 2 S

Oxacillin 1 S

Rifampin <=0.5 S

Trim/Sulfa <1/19 S

Vancomycin 1 S

Discrepancy

mecA/C gene detected 

Methicillin susceptible 

Reason

mecA/C carried by S. epidermidis

Troubleshooting Considerations

Confirm methicillin R in CoNS before reporting

Resolution

Multiple staph detection reported with comment

If CoNS is methicillin R, no conflict

Genotypic/Phenotypic Discrepancies: Case 3



Reason 1: Alternative reason for resistance
Troubleshooting:

Rule out alternative explanations

Understand resistance mechanisms outside of detected AMR genes (M100 very helpful!)

Reason 2: AMR gene / reported organism mismatch
Troubleshooting: ID and AST on all organisms in culture

Usually straightforward in BCx, can be complicated in other sources

(Biological) Sources of Genotypic/Phenotypic Conflicts



Gram:

Gram positive cocci 

BCID:
Staphylococcus aureus detected

mecA/C gene detected

Culture:
Staphylococcus aureus 

AST:
Clindamycin <=0.5 R

Daptomycin <=1 S

Erythromycin >4 R

Gentamicin <=2 S

Linezolid 2 S

Oxacillin 1 S

Rifampin <=0.5 S

Tetracycline <=0.5 S

Trim/Sulfa <1/19 S

Vancomycin 1 S

Discrepancy

mecA/C gene detected 

Methicillin susceptible

Reason

Mixed culture with coagulase negative Staphylococcus species 

(CoNS)

Hetero-resistant population

Gene truncation / mutation

Troubleshooting Considerations

Repeat AST with alternative method (eg, cefoxitin disk) as 

available 

Consider testing bottle by alternative MRSA test

Heavy subculture to find CoNS

Subculture to BAP with FOX disk

Perform PBP2a antigen test

Resolution

Colonies found within the FOX disk zone, IDed as S. aureus

Report MRSA

Genotypic/Phenotypic Discrepancies: Case 4



Reason 1: Alternative reason for resistance
Troubleshooting:

Rule out alternative explanations

Understand resistance mechanisms outside of detected AMR genes (M100 very helpful!)

Reason 2: AMR gene / reported organism mismatch
Troubleshooting: ID and AST on all organisms in culture

Usually straightforward in BCx, can be complicated in other sources

Reason 3: Hetero-resistance
Troubleshooting: heavy subculture to BAP with disk (or screen plate) to identify subpopulation

(Biological) Sources of Genotypic/Phenotypic Conflicts



Gram:

Gram positive cocci 

BCID:
Enterococcus faecium detected

vanA/B gene detected

Culture:
Enterococcus faecium 

AST:
Ampicillin >8 R

Daptomycin 4 S

Gent Synergy <=500 S

Linezolid S

Rifampin R

Tetracycline >8 R

Vancomycin <=0.5 S

Discrepancy

vanA/B gene detected 

Vancomycin susceptible

Reason

Hetero-resistant population

Gene deletion/mutation

Troubleshooting Considerations

Consider mixed population with multiple Enterococcus species

Confirm species identification / culture purity

Repeat vancomycin AST by an alternative method (eg, strip, vanc

screening plate)

Consider detection of vanA/B gene by alternative method, if 

available

Genotypic/Phenotypic Discrepancies: Case 5



Gram:

Gram positive cocci 

BCID:
Enterococcus faecium detected

vanA/B gene detected

Culture:
Enterococcus faecium 

AST:
Ampicillin >8 R

Daptomycin 4 S

Gent Synergy <=500 S

Linezolid S

Rifampin R

Tetracycline >8 R

Vancomycin <=0.5 S

Troubleshooting Results

Repeat AST (automated system): same results

Subculture to vanc screening plates (6ug/mL): no growth

Alternative AST method performed: vanc S

vanA gene detected by alternative molecular method

Patient treated with vancomycin 

Ą clinical failure

Organism was re-isolated from the patient following failure

vanA detected, vancomycin resistant

Vancomycin Variable Enterococci (VVE)

vanA gene cluster

large deletion in vanRS promotor

secondary DNA structure change led to constitutively expressed 

vanA gene

Report initial isolate as vancomycin R

Genotypic/Phenotypic Discrepancies: Case 5



Reason 1: Alternative reason for resistance
Troubleshooting:

Rule out alternative explanations

Understand resistance mechanisms outside of detected AMR genes (M100 very helpful!)

Reason 2: AMR gene / reported organism mismatch
Troubleshooting: ID and AST on all organisms in culture

Usually straightforward in BCx, can be complicated in other sources

Reason 3: Hetero-resistance
Troubleshooting: heavy subculture to BAP with disk (or screen plate) to identify subpopulation

Reason 4: Mutations in AMR gene, plasmid kicked out, reversion of resistance, other wacky things
Troubleshooting: 

Rule out alternative explanations

Literature review of reported cases

(Biological) Sources of Genotypic/Phenotypic Conflicts



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Investigate the basic stuff
Check for clerical/breakpoint errors

Repeat phenotypic AST, via alternative method if available (+ genotypic if warranted)

Perform available phenotypic method detection methods (PBP2a, mCIM, CarbaNP)

Subculture for heteroresistant population



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic 

AST

Genotypic AST Reporting

Staphylococcu

s spp

Oxacillin / 

cefoxitin S

mecA/C 

detected

Isolates that test positive for mecA or PBP2a or resistant 

by any of the recommended phenotypic methods should 

be reported as methicillin (oxacillin) resistant



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic 

AST

Genotypic AST Reporting

Staphylococcu

s spp

Oxacillin / 

cefoxitin S

mecA/C 

detected

Isolates that test positive for mecA or PBP2a or resistant 

by any of the recommended phenotypic methods should 

be reported as methicillin (oxacillin) resistant

Enterococcus 

spp

Vancomycin S vanA/B 

detected

Vancomycin R



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic 

AST

Genotypic AST Reporting

Staphylococcu

s spp

Oxacillin / 

cefoxitin S

mecA/C 

detected

Isolates that test positive for mecA or PBP2a or resistant 

by any of the recommended phenotypic methods should 

be reported as methicillin (oxacillin) resistant

Enterococcus 

spp

Vancomycin S vanA/B 

detected

Vancomycin R

Enterobacteral

es

Meropenem S KPC, NDM, 

VIM, IMP, OXA 

detected

CLSI: Send to reference lab for AST via reference BMD 

Report AST as tested + AMR gene + caution 

comment



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic 

AST

Genotypic AST Reporting

Staphylococcu

s spp

Oxacillin / 

cefoxitin S

mecA/C 

detected

Isolates that test positive for mecA or PBP2a or resistant 

by any of the recommended phenotypic methods should 

be reported as methicillin (oxacillin) resistant

Enterococcus 

spp

Vancomycin S vanA/B 

detected

Vancomycin R

Enterobacteral

es

Meropenem S KPC, NDM, 

VIM, IMP, OXA 

detected

CLSI: Send to reference lab for AST via refBMD

Report AST as tested + geno + caution comment

WDL: Report all cephems and carbapenems as R

CLSI M100 ed35 (2025) Appendix G Table G3

If the discrepancy is not resolved, repeat AST should be 

performed using a reference method and the conflicting 

genotypic and phenotypic testing results should both be 

reported along with a comment advising caution;

current clinical and laboratory evidence is insufficient to 

conclude whether carbapenem monotherapy of 

carbapenemase-carrying strains with an MIC in the S range will be 

effective, or whether the molecular assays are completely 

accurate. 



Troubleshooting Genotypic/Phenotypic Conflicts 

You donôt have to figure out the reason for discrepancy!

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic 

AST

Genotypic AST Reporting

Staphylococcu

s spp

Oxacillin / 

cefoxitin S

mecA/C 

detected

Isolates that test positive for mecA or PBP2a or resistant 

by any of the recommended phenotypic methods should 

be reported as methicillin (oxacillin) resistant

Enterococcus 

spp

Vancomycin S vanA/B 

detected

Vancomycin R

Enterobacteral

es

Meropenem S KPC, NDM, 

VIM, IMP, OXA 

detected

CLSI: Send to reference lab for AST via refBMD

Report AST as tested + geno + caution comment

WDL: Report all cephems and carbapenems as R



Troubleshooting 
Discordant Genotypic 

and Phenotypic Results

Resources:
CLSI M100 Appendix G: Using Molecular 

Assays for Resistance Detection

Yee R, et al. J Clin Micro 2021 (PMID 

33441396)



BCID AMR GENE CONFLICT TROUBLESHOOTING QUICK GUIDE

ÅConfirm pure culture; if mixed, work up separately

ÅConfirm organism ID 

ÅRule out clerical errors

ÅReview patient history / past AST

Initia l steps  

performe d by 

bench tec h

If conf li ct is  not  

resolv ed

ÅDocument module and lot number of BCID panel used

ÅDocument lot number of blood culture bottle

ÅNoti fy management and secti on dir ector

ÅHold AST

ÅPerform below steps in consultation with section director / mgmt

Å Confirm culture purity: if mixed, CoNS may carry the mecA/C gene

Å Confirm correct AST breakpoints were used

Å Perform PBP2a

Å Reset AST by alternative method

Å Reset AST with 50McF (100X inoculum)

Å Subculture blood culture bottle to BAP with FOX disk in Q1; repeat 

AST from growth within the zone

Presence of the FOX disk may help induce mecA expression

May help identify heteroresistant (mixed R/S) population

Å Perform mecA PCR directly from colony (eg, Xpert)

mecA/C detec ted

meth ic il li n suscept ible

ÅHeteroresistant population

ÅMixed culture

ÅGene deletions / mutations

If unable to resolve, report methicillin R

ÅConfirm species-level identity

E. gallinarum and E. casseliflavus are resistant to vancomycin 

via the vanC gene

Å Repeat vancomycin AST by alternative method

vanA/B detec ted

vancomy cin suscept ible

ÅHeteroresistant population

ÅGene deletions / mutations

If unable to resolve, report vancomycin R

ÅSubculture blood culture bottle to BAP with CRO disk in Q1; repeat 

AST from growth within the zone

Presence of CRO may help identify a resistant population

Å Repeat 3rd gen cephem AST by disk

CTX-M detec ted

ceft riaxone suscept ible

ÅHeteroresistant population

ÅPoor ESBL expression

ÅLoss of plasmid

If unable to resolve, report penicillins, cephalosporins, aztrenonam R (check CRO, FEP, ATM, TZP)

ÅSubculture blood culture bottle to BAP with MEM disk in Q1; repeat 

AST from growth within the zone

Presence of MEM may help identify a resistant population

Å Repeat meropenem and ertapenem AST by disk

Å Send to KDHE for additional genetic testing

carbapenemase detec ted

merope nem / ertape nem 

suscept ible

ÅPoor CPase expression

ÅHeteroresistance

ÅGene truncation

ÅLoss of plasmid

If unable to resolve, report 3rd and 4th generation cephalosporins and carbapenems R

Blue: Conflict; Green: Most likely scenario; Clear: Possible resolution steps
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Interpreting Discordant Genotypic and Phenotypic Results

Detection of a resistance marker does not necessarily predict therapeutic failure of an antibiotic agent

Nonfunctional gene due to mutation or truncation

Expression at clinically insignificant levels

Absence of a genetic marker does not necessarily indicate susceptibility

Resistance due to alternative mechanisms not detected by method

Technical issues with detection (target below limit of detection, amplification inhibition)

Increased sensitivity of molecular methods over traditional culture/AST may contribute to discrepancies

Low gene expression in culture

Mixed populations / heteroresistance

Poor organism growth, leading to erroneously low MICs

Itôs complicated!

Goal of susceptibility testing is to predict treatment success/failure for the 

patient



Keys to successful implementation of genotypic susceptibility 

testing 

Established defined workflows for troubleshooting commonly 

identified discrepancies

Guidelines for bench technologists and microbiology leaders

Timely reactions to identified discrepancies

Balance need for accuracy and investigation with the associated 

increased cost and TAT

Communicate with physicians, antimicrobial stewardship team, 

pharmacy

Transparency on expected discrepancies, troubleshooting 

plans

Active communication on a case-specific basis

Interpreting Discordant Genotypic and Phenotypic Results



Questions?


