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Thank 'youfor hemngshere!

AHelp yourself to
refreshments

Alntroduce yourself to
your neighbor




Appreciation

ALabTAG

A For all you support and guidance in planning this conference
ASpeakers

A For sharing your knowledge, talents, and your valuable time

AWCLN

A For your participation and enthusiasm and all the hard work
that you do

AWilderness Glacier Canyon Lodge Staff

A For hosting us and providing us this lovely venue to
communicate our science

AJim Hermanson
A For assisting with the technological development and planning
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A Heather Alvarez, MS, CLS(ASCP), Laboratory Manager, Prairie Ridge Health, Columbus

A Alexander Lepak, MD, FIDSA, Associate Professor of Medicine, Medical Director, Chair of the
ﬁntlrlmcroblal Use Committee, UW Health, University of Wisconsin School of Medicine and Public
ea

A Rachael Liesman, PhD, D(ABMM), Director Clinical Microbiology & Molecular Diagnostics,
Wisconsin Diagnostic Laboratory, Milwaukee

A Erik Munson, PhD, D(ABMM), Assistant Professor, College of Health Sciences, Marquette
University, Milwaukee

A Alana Sterkel, PhD, D(ABMM), SM(ASCP) CM | Associate Director, Communicable Disease
Division Wisconsin State Laboratory of Hygiene, Madison

A Virginia Pierce, MD, FIDSA, Pediatric Infectious Disease Physician, Clinical Associate Professor,
University of Michigan, Ann Arbor

A Taylor Wahlig, PhD, D(ABMM), Technical Director of Microbiology and Molecular Pathology,

Marshfield Clinic Health System, Marshfield

A Macy Wood, PhD, D(ABI\/_IMB_ Assistant Professor, Associate Director of Clinical Microbiology,
Froedtert Health/Wisconsin Diagnostic Lab, Milwaukee

A Caitlin Cahak, MLS (ASCP) CLi Microbiolo?(y Technical/Administrative Supervisor, Froedtert

Health/Wisconsin Diagnostic Laboratory, Milwaukee
A NeganhSelle, MLS, M(ASCP), Microbiology Supervisor, ThedaCare Regional Medical Center,
eena

A Will Laudon, BA, MB(ASCP), Microbiology Technical Specialist, Wisconsin Diagnostic Laboratory



We:Hoépe Y oucEnjoy the/Day! )

AParticipate in discussions
AHelp us learn by sharing your experience and knowledge

ASit by, or have lunch with someo
make a new contact.




Overview of WCLN
Conferences



Who Plans the WCLN Conferences? @

AWCLN is a Collaborative Network - WSLH
relies on LabTAG guidance.

ANeeds Assessment - LabTAG focuses on
needs of the clinical laboratories

ABased on their own laboratory experiences

AReview comments and suggestions on
program evaluations

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

AGoal - Elevate all WCLN laboratories.

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




What!' Topics Do We' Eocus.On? )

Due to frequent changes in antimicrobial susceptibility
testing (AST), we spend about every other year discussing
updates to AST at our WCLN Technical Conference

Realized microbiology technology was changing and held

our first spring technical conference in 2009 on Molecular

Diagnostics

A 11 laboratories presented information on molecular testing they
were performing.

In 2011 we continued the discussion highlighting available

molecular platforms as well as other developing

technologies such as Maldi -TOF

Welcome to the

A Discussed the pros and cons Molecular

A Validation, verification, QC and PT Diagnostics in
A The sales pitch to administration Clinical

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

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

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

for Wisconsin
Laboratories
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A Susceptibility TestifRPCamplying Current Breakpoints under
t he FDAOs New LDT

Wisconsin Clinical Laboratory Network (WCLN) Spring Technical Confe

Wi sconsin Dells, W A April

UNIVERSITY OF MICHIGAN
MEDICAL SCHOOL

MICHIGAN MEDICINE

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

PN

The American Clinical Laboratory Association A'-‘"‘
Association for Molecular Pathology (AMP) flled«law ’i‘ _
\h

chall enging the FDAO®Ss,| | a
Oral arguments were heard 2/19/25 in a US Disii R v T it
Plano, Tedad nce t hen, we h &¥e ORe € O maeWic giat h

decision

Some legal experts had expected the Trump administration to walk back the FDA LDT Rule

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

Als this truly the administrationds posi:t
reformulate their policy and prepare a new oral argument?

https://www.aruplab.com/n@@2025/aciammskederalourstrikedlowsidarule
https://www.raps.orgfapesticles/nexasticles/2025/2/truanpninistratetefensefldtrulecatche



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

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF TEXAS

SHERMAN DIVISION

AMERICAN CLINICAL §
LABORATORY ASSOCIATION, §
ET AL. §

§
V. §

§ | CIVIL NO. 4:24-CV-479-SDJ
U.S. FOOD AND DRUG §
ADMINISTRATION, ET AL. §

ASSOCIATION FOR
MOLECULAR PATHOLOGY,
ET AL.

V.

U.5. FOOD AND DRUG
ADMINISTRATION,
ET AL.

COry LR P O LR LR LR LG L

CIVIL NO. 4:24-CV-824-5SDJ

MEMORANDUM OPINION AND ORDER

Ordered that the Final Rule o
vacated, noting that the FDA
authority to regulate LDTs
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Excer pt -dageouimg:;) udgeos 51

FDA'’s asserted jurisdiction over laboratory-developed test services as “devices”
under the FDCA defies bedrock principles of statutory interpretation, common sense,
and longstanding i1ndustry practice. The FDCA-—a statute targeted at mass-
produced, mass-marketed, and mass-distributed drugs and devices moving 1in
interstate commerce—is a poor fit for the distinct regulatory issues raised by
laboratories that provide vital diagnostic tools for doctors. Blinking this reality,
FDA’s final rule creates a “square peg into round hole” problem that 1s not just about
a tortured reading of an unambiguous statute, or about FDA attempting to fill a
regulatory gap or administer a statute 1n the face of congressional silence. The more
fundamental problem 1s that Congress has already considered the distinct i1ssues
raised by laboratory-developed test services in CLIA, and chose to address those
1ssues by vesting regulatory authority in CMS, not in FDA. Through the final rule, 1t
appears that FDA 1s attempting to circumvent that legislative decision. It has no

authority to do so.

Not yet known whether this
will be appealed and/or if C¢
will pass legislation in this s

of:
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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 woul d t he FDZXdoslabe?ew L DT r u

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



Question #1:

What is a breakpoint?




Escherichia coli

Antimicrobial MIC, pg/mL
Ampicillin X OH
Ampicitsalbactam X OHKMC
PiperacHtazobactam 16/4
Cefazolin 32
Ceftriaxone 16
Cefepime 4
Aztreonam 38
Ertapenem 0.5
Meropenem O 1
Gentamicin 2
Amikacin 4
Ciprofloxacin 1
Tetracycline 8
Trimethopsoifamethoxazole X MNKTIC




Escherichia coli

Antimicrobial MIC, pg/mL Interpretation

Ampicillin X 0 H | Resistant
Ampicitsalbactam X O H K | Resistant
PiperacHtazobactam 16/4 Susceptidlese Dependent
Cefazolin 32 Resistant

Ceftriaxone 16 Resistant

Cefepime 4 Susceptidlese Dependent
Aztreonam 8 Intermediate

Ertapenem 0.5 Susceptible

Meropenem O 1 | Susceptible

Gentamicin 2 Susceptible

Amikacin 4 Susceptible

Ciprofloxacin 1 Resistant

Tetracycline 8 Intermediate
Trimethopsoifamethoxazole X N K T| Resistant




Breakpoints are predictions

A Minimal inhibitory concentration (or zone diameter) interpretive cutof
predict the likelihood of a successful clinichlaop@cbouar antimicrobial
IS prescribed




Antimicrobial susceptibility testing (AST) results are hi
prescribing decisions

Site of infecti city

£7
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Who sets breakpoints?

&rcLs
XX EUCAST stamcnosal ™

European Society of Clinical Microbiology and Infectious Diseases There are some dlfferenCeS |n the SpeCIfICS 0]
each organization approaches breakppint se

USCAST BUT

D O
— =
Oy
0]

Q.
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pLY U.S. FOOD & DRUG

ADMINISTRATION




Question #2:

How are breakpoints set?




Types of data weighed when setting breakpoints

1. Microbiological data
2. Pharmacokin#termacodynamiPH#ata

3. Clinical data






Broth microdilution (gold standard for AST)

|dentification @

—— Read AST resul

MIC

(minimum inhibitory concentratio

012 025 05 1 2

Icons from biorender.com



Goal : deter mi ne whtey thed
onwld yped popul ati on

Wiletype:
Isolates without any acquired resistance
antimicrobial in question

Nonwildype:

Isolates that have acquired resistance to
antimicrobial

https://imageresizer.comieearrator/edit/fanaynithepooimeme



% of isolates
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What if we gendatts MICs?

Activity of linezolid (n=87,544) tested against Staphylococcus aureus isolates in the SENTRY program

’

MIC {pg/mL}

A

Test a large number of isolates of a
species

May include organisms isolated frjor
specimen type

Plot the resulta bistogr&mMIC
distribution

https://sentmvp.jmilabs.com/



Why ar e n 04ypetornganisnig laliegactlly
same?

A Even under the best controll ed
iInherent biological variability taken together with the technical varial
leads taang®f MIC values with replicate testing

A The MIC is often wathinti@i3{ doubling dilution) range, but sometime:
can be even wider



What does this MIC distribution show?

Escherichiaacaliampicillin

MIC (mg/L) frequency distribution (N = 113766)

WT NWT
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MIC (mg/L)




Epidemiological cutoff value (ECV)

A ECV = the MIC that separates microbial populations into those with
acquired resistance based on their phé&yyotypesasatdpe)

A What value defines the upper engid NMeOndidtribution, such that the MICs {
of WT isolates fall at or below that value?

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

A General concepts: single species, reliable AST method, lots of isolates, m
laboratories, data are not truncated wiytp@ thetnialdion

A lterative statistical method used to arrive at the cutoff



How does the ECV factor into the breakpoint?

A ECVBreakpol nt
A Only describes the MIC distribution
A Does not account for the other two important catef@riancthiaiza(PK

A Does not predict clinical response



How does the ECV factor into the breakpoint?

& mportant to avoid setting breakpoints witkiypth®&\Gldistribution (i.e.,
ower than the ECV)

A If a breakpoint splits #typevddstribution, we are asking our susceptibil
differentiate between organisms that are part of the same populatio
actually meaningfully distinct from one another

A The fHjppp between S, |, and R may be frequent and random
A An individual AST result may not be reliable

A AST device manufacturers will have difficulty making tests that perform we
clearanée most clinical labs will not be able to offer AST






Interplay between PK and PD of antimicrobials

Pharmacokinetics
PK-PD

Pharmacodynamics

What is the relationshi
between (free) drug
What does the drug do to concentration over tims
the organisms ? (exposure) and antimic
effect?

What are the achievalb SR EIRs =R =Rs1s1s )%
(free) drug levels in bl Qs oR (o R sTXs Vs Rrs Drug
and other body fluids? Concentrationg

Absorption eafPSct = Effect = antimicrobial activity

Distribution = Desirable

Metabolism v mhlbltlon and killing
= Undesirable

® adverse effects

Excretion

https://clsi.org/media/1990/ast_news_upéptep@nl8



What D index Is most closely linked to antimic
effect?

ation

D

t

O
------------------------------ MIC Off " MIC

: GraiMIC | /AUC:IVIIC

Time Time

PKPD target:
Thenagnitudd that FHD index at which a desired level of response is achieje




Neutropenic mouse thigh infection model

. Pharmacokinetics:

by
Bacteria Antibiotic Cinax
J— AUC

- Y Clearance...

x4 ) 4 -, -
— : ——— g » Mortality?
f’/ I use strains with MICs and human-simulated
z Ls;izia:gnecc(?[ tnoweecnh;nuii;]: antibiotic regimens Pharmacodynamics:
] clinically, considering the Colorfprming units (CFU)
] intended use of the drug bacterig _
Cyclophosphamide PKPD targéfior stasis? for ¢

== log reduction? fdog 2
~reduction?)

Icons from biorender.com



What about PK data in humans?

A Range of expostaréise antimicrobial agent that are achieved following ac
the selected dosage regangeispatient populations

Variable n Mean SD Median Min Max
Total C,,., (mg/liter) 55 2.58 1.33 2.24 0.539 7.88
Unbound C,.,. (mg/liter) 55 0.749 0.364 0.629 0238 221
Tnax () 55 1.02 0.0848 1.00 0.750 1.48
Total AUC,_,, (mg - h/liter) 55 243 7.88 22.8 8.09 50.9
Total AUC,__. (mg - h/liter) 55 46.6 19.7 44 .4 15.1 96.7
——— Unbound AUC,_,, (mg - h/liter) 55 7.18 2.46 7.12 2.74 13.3
Unbound AUC,__. (mg - h/liter) 55 14.1 6.68 13.7 3.65 29.2
CL (liters/h) 55 5.24 2.63 450 2.07 13.2
V. (liters) 55 146 57.0 140 54.7 465
T1/ae (H) 55 1.36 0.456 1.35 0448  3.44
Tiap () 55 234 9.53 20.3 8.87 46.8
fuo 55 0.309 0.120 0.280 0.159 0.957

LodisEP et al. Pharmacokinetic and pharmacodynamic profiling of minocycline for injection fojithvehglts sinalehasesishabemiticaghter study
(ACUMMtimicrélgentShemotl2821; 65:e01809.



Dealing with variability: Monte Carlo simulation

A A model that uses repeated random sampling to predict t
various outcomes when the input values are variable

A Estimate grebability of attaining tHiRErget for efficacy at
different MICs

https://www.investopedia.com/terms/m/montecarlosimulation.asp. Mouton JW. Setting clinical mieeakip csritssficos atRat/ Rlatpaiat lof Funda
Antimicrobial Pharmacokinetics and Pharmacodynamics, 28adniRobbreendA2aH); 66: 227.



Probability of target attainment (PTA)

100 §——8—8——8——&-__&
>90% PTA is often considered RS ~-0-- Bolus 500mg g8h
— 9() - \ i e
acceptable 90 S RN 2., Bolus 1000mg g8h.....
Y ~4-- Extended infusion 1000mg q8h
80- l " —&— (Continuous infusion 3000mg/24h
Y . \

?0 = ;::: i Ill’\
% 60 - Lo
'— 1
= *
R 50+ L
- |
< | . \
,"E 40 - '5{ .*.
~ 301 NonclinicaFEKcutoff based *,

onlgqg8h=2pg/mL
20
10 - l Q.
0 == S S

0.125 025 05 10 20

40 80 160 320 640 128.0 256.0
MIC (mg/L)

Roberts JA etAhtinicr@ihemoti2€x10; 66: 227.



What if the nonclinieBl &Koff falls within lypaevitl
distribution?

Percent probabilities of PK-PD target attainment by MIC value for gentamicin dosing regimens using
total-drug plasma PK-PD targets for P. asruginosa based on pooled data using a murine thigh-infection model
among simulated patients with normal renal function

Dosing Approach PK-PD Target MIC Distribution
=—— Traditional —&— Met Bacterial Stasis B EUCAST
—— Extended Interval  =é= 1-logyy CFU Reduction B SEMTRY

- @8- 2-log. CFU Reduction

—_
[}
(=]

o
=

Unlikely to achieve target attainment with any o
gentamicin dosing regimens

(2]
=

I
=

This type of mod&D BKalysis led CLSI to elimin:
gentamicin breakpatisetarornonas aeringiiidba

]
=

PK-PD Target Attainment (%)
Relative Frequency of the MIC Distribution (%)

o

MIC {ug/mL)

Percent probabilities of PK-PD target attainment by MIC are shown USCAST. Aminoglycoside in vitro susceptibility testing intery
overlaid over MIC distributions from the SENTRY Antimicrobial

Surveillance Program (2011-2016, USA) and EUCAST data (2017). evaluations. Version 1.3, 2019.






|s there a correlation between MIC and clinical

Look at a clinical dataset through the lemg\biCutcome

MIC, ug/mL Clinical
Success
(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%)




Cli ni cal data donot a |
should be

A REPROVE
A No#inferiority trial

A Ceftazidimébactam vs. meropenem as definitiies o aINVRY oA AR AL
for patients with nosocomial pneumonia, inel 0 for |_Solates we
associated pneumonia typically treat

A Primary endpoint: clinical cureaficiine teistt -5 with CAZ-AVI*
days after randomization) | Ba=eHIN e s ampnoddBdd Y Pmciniste:

A Ceftazidiagbactam wasnienor Pfizer ATLAS data

for trial
ISolates

Torres A et al. Ceftaidatam versus meropenem in nosocomial pneumonias sochadatgprentiiaboiy BEXEPROJomizedptindbfEhase 3 non
inferiority trial. Lancet Infect Dis 2018; 18: 285.
https://atlasurveillance.com/



Barriers to determining the clinical cutoff from c

o Too To To o

Most enrolled patients have highly suscgpihti@ossiliesto see a relationship between MIC and out
|dentification of the major infecting pathogen may not be straightforward

Other factors (e.g., host iImmune status, use of adjunctive treatments) impo#atintoatramnilieéyto be
The i nfections studied dondot reflect how th

|deal datasets would include:
A Patients with the type of infection for which the drug will be used clinically
A Clear microbiological diagnoses/monomicrobial infections
A Reference broth microdilution AST data
A Organism MICs straddling where you think the breakpoint might be
A Patients that received a specific dose of drug and had PK studies

Instead, we are often evaluating clinical data from observational studies performed after a drug c
caveat se)






Balancing the three different types of data throu
CONSensus process

Microbiology PKPD Clinical

\ \ \
! | [ | [ |

Epidemiological ct Nonclinical-PR Clinical exposu Al e @uter

value (ECV) cutoff response cutoff

Deci si ons arsadtgdtl of or mul ai ¢ 'or oonL\/IIcr

The strengths and limitations of each type of data are weigheldaseal} open consensus \ %
process involving experts in each type of data and balanced represgntation fror@4|mr@a/| of E
interested parties (professions, government, and industr g




Question #3:

Why do breakpoints change?




Science leads to increasingly secure knowledge

As new data come to ligh

understanding evolves ¢

becomes progressively n
robust.

Knowledge o , .
This Is how science Is sup,

work!

Uncertainty of estimate

Modified from https://scaster.org/en/understdimetog®funcertairapehgilestimatiomasterinmcertaiAtyyar-projects/



Setting breakpoints is an iterative process

\,00\‘ back

Data from studies reflecting current real
““aworld clinical practice and outcomes

Iteration .
Data from trials supporting initig
approval of a'drug

Modified from https://digital.gov/guidesttmaidpssgreration/



Clinical signal that existing BPs
are not performing well to
predict clinical response

Emergence (or recognition) of
new resistance mechanisms

C

Factors that may

lead to
Prevailing dosage regimens differ reasses_sment of
substantially from the dosage a clinical
regimens that were used to breakpoint

establish initial BPs

Existing BPs were set before the introduction of current analytical
methods used to determine relationships among drug exposure,
organism susceptibility, and clinical response

CLSI M286; 2023. Icons from biorender.com



Realvorld example: the MERINO trial

A Randomized controliefériority trial

A Piperaciltamobactam (TZP) vs. meropenem (MEM) as definitive therapy for
patients with ceftriaagsistaif. ca@r K. pneumdmaateremia Trial was stopped early as

A Exclusion critepiatymicrobial bacteremia, concomitant antibioticg witfference in primary
grarmegative actiVity, or MEM resistance (based on local tesifigkome was observed at

A Primary outcome: all cause mortality at 30 days after randomizaper-specified stopping
rule (p=0.004)

Table 2. Primary Analysis and Subgroup Analyses

30-d Mortality, No./Total No. (%)

Risk Difference, % P Value
Piperacillin-Tazobactam Meropenem (1-Sided 97.5% CI)? for Noninferiority
Primary analysis 23/187 (12.3) 7/191 (3.7) 8.6 (—=to 14.5) .90
Per-protocol analysis 18/170 (10.6) 7/186 (3.8) 6.8 (-=to12.8) A6

Harris PNA et al. Effect of pipeowhaitiam vs meropenela@yom@@ality for patients with E. coli onkhelnsaelalpadstream infection and ceftriaxo
randomized clinical trial. JAMA 2018; 320: 984,



Unfortunately, some patients with i .
piperacillin-tazobactam resistant

n
[=]
Isolates were enrolled -
m
g I i
8 16 ! !
'g | I
&2 | ==m== == = = = = ke e e == ===
= | I
@ @ 2 33 | 10 | 2
a4
751 = 1 1
& | |
I I
| |
I I
1 1
2 Bs g 1 1
I I
EUCAST/CLSI 1 1
Breakpoint st 1 L o2
MSU‘ 32 =84
% Vitek 2 MIC (mg/L)
2 Intervention arm
6 MER
X P1Z
E
3
z
128
251 0O 64
=
o
£ 32
s
8
2 161
N
£ i )
£ & 2 214 3131107 4 4 7 5 4 6 1
'g 1 1
s | 1 1
g 4 1 3,62106 9144 32 1
e ] 1
2 1 205:0 7 815249927 4 4 14
=1 2 4 8 16 32 64 > 64 ] 1
Piperacillin/tazobactam MIC mg/L 11 1! 1" 134224111

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Piperacillintazobactam Disk (mm)

Henderson A et al. Association between minimum inhibitdactzonasatggices asthmortality for patigtiht ipeadethirobactam or meropenem fi
MERINO study. Clin Infect Dis 2021; 73: e3842.



Association between TZP MIC and mortality

1004
Bivariate Analysis Multivariate Analysis
75 Variable OR P aOR P
g Log,(MIC) 12(09-16) 20 ..
g —> MIC > 16 mg/L 10.3(2.6-41.9) <.001 14.9(2.8-872) .002
£ c UTI source 0.4(0.2-11) .09 06(0.2-18 .3
8 Charlson comorbidity score 1.6 (1.3-2.0)° <.001 1.7 (1.3-2.2)* <.001
254
Abbreviations: aOR, adjusted odds ratio; MIC, minimum inhibitory concentration; UTI, uri-
l l 1 1 nary tract infection.
0 ‘ , . . . “Calculated for each numerical increase in Charlson Comorbidity Score.
=1 2 4 8 16 32 64 > B4

Piperacillin/tazobactam MIC mg/L

Important driver of a comprehensive review of the Enterobazigvaletamipeeakpmnt by
A lowerdareakpointin 2022

Henderson A et al. Association between minimum inhibitdactzonasatggices asthmortality for patigtiht ipeadethirobactam or meropenem fi
MERINO study. Clin Infect Dis 2021; 73: e3842.



Breakpoints exist within a life cycle

4. Laboratories frequently use commercial
AST devices and rely on device
manufacturers to use up-to-date FDA
breakpoints; labs can also use a CLSI
breakpoint if its performance is locally
validated

Clinical Lab

AST Device

3. AST device manufacturer can adopt a Manufacturer

new breakpoint when approved by FDA;
the manufacturer must demonstrate that
the device performs well compared to a
reference AST method when seeking FDA
clearance

1. CLSI reviews the available
microbiological, PK-PD, and clinical
data and sets a breakpoint

2. FDA reviews CLSI rationale and adopts or
rejects the CLSI breakpoint; FDA can also
independently set a breakpoint

A. Not all breakpoints are reviewed by CLSI. Data from a sponsor (typically, the drug
manufacturer) is generally critical for review, and some sponsors may bring data for
review to FDA but not to CLSI.

C. Commercial AST devices cleared to use FDA breakpoints are installed in clinical
laboratories. Clinical labs can validate other breakpoints, including using commercial
AST devices, if the capabilities of the commercial AST device allow. AST device
manufacturers are motivated by market forces to have up-to-date breakpoints.

B. FDA recognizes breakpoints for certain organism-antimicrobial combinations. AST
device manufacturers are then bound to focus on these breakpoints for FDA
clearance.

D. Clinical labs use breakpoints set by CLSI. When evidence emerges of failure of a
current breakpoint, often from signals from clinical labs and clinicians, CLSI can
respond by reviewing the issue and may reconsider the breakpoint.

Pierce VM, Matheeflihtdfect Dis Soc 2022
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CLSI Revises Breakpoint ]

-~

-

CLSI generates a rationale for
the revision

-~

CLSI submits the rationale to
the federal register

FDA reviews rationale

If acceptable by FDA
standards, FDA recognizes CLSI
breakpoint on STIC website

L "
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""""""""""
L 3 ny
( 3d w,y
.
. o,
% .,
.
*

cASTs MAN prioritizes
breakpoint update with other
needs

G .
., R
......

L] -
..........

cASTs MAN redevelops test with
revised breakpoint (if needed)

L.

[ cASTs MAN performs clinical )

trial to confirm performance (if
needed)

cASTs MAN submits for FDA
clearance with revised
breakpoint

Just

becaus eclegredlA8T device, doesm

you are using current FDA breakpoints (let alone cu

breakpoints)!

Dt

[Ire

aapﬁSTs MAN[@IdArevised

62ak§::rmt to software update
lists

[

-

Revised breakpoint available on
cASTs for clinical laboratory

i Manufacturers are not requi

update BPs after their devic
received FDA clearance; thi
continue t o 1

Market forces motivate deci
about whether to pursue cle
with updated FDA BPs.

FDA is working to make it e
manufacturers to update BF

Humphries RM et al. J Clin Micro 20 hitpgs7/wiAida.gov/media/l 7246 3fuowalozad



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

Question #4:

Why should labs use current breakpo




How are our AST results being utilized?

Predict clinical outcome ﬁ%‘
¥

Guide targeted antimicrobial therapy in individual patients



Each of these applications are impacted by usin

breakpoint

/ Guide targeted antimicrobial therapy m
individual patients

Carbapenems are prescribed for t

patient outcomes

CRE (including CPO) infectionmde¢ading to

reatment

Example:
Labs are using outc

~

Patients with CPOs go unrecognize
carbapenemases to spread from pa
patient across the healthcare syster
community

/Aid Infection prevention

1|]}

ated

1,
tier
N a

&

/Inform empiric therapy

\ underestimated when developing
guidelines and when making form

Institutional rates of CRE and CPQs are

breakpoints for
Enterobacterales

reatment
Ulary

decisions

(too high) carbapenem

/




Orange County example

Used a simulation to model the impact of a delay in implementing updated carbapenem brea
carriers in a single county in California

Even though the new (lower) breakpoints identified more existing CRE carriers, their identific
of transmission due to the use of contact precautions

A. Acute care hospitals B. Long-term acute care hospitals C. Mursing homes
-E ﬁ,ﬂﬂﬂ B E ﬁ,ﬂﬂﬂ — E Grﬂﬂﬂ —
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Time (years) Time (years) Time (years)

2.5year delay in implementing new breakpoints wouldl,BatemeselltecEncaoiarsywide

Bartsch SM et alMi€bb@016; 54: 2



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

Timeline to implementation of current carbapenem breakpoints for Enterobacterales in Califo
128 surveyed that disclosed this information)

Number of Laboratories

20
18
16
14
12
10

o M B Oy 00

Average 3
41 monthI

13-18

19-24

25-30

31-36 37-42 43-48 49-54 55-60 61-66 67-72
Months

Humphries RM et al. Clin Infect Dis



Outdated breakpoint use commoaarethtpCAS
laboratories in 2019

United States

Antimicrobial Total No. of Current Break-
Organism Agent Laboratories points, No. (%)
Enterobacterales Ceftazidime 1046 620 (59.3) =
Enterobacterales Ceftriaxone 1124 694 (61.7)
Enterobacterales Ciprofloxacin 1058 312 (29.5) Depending on tlfnhfltg.lgombination
Enterobacterales Levofloxacin 1019 306 (30.0) 37.970.5%6f labs reported using ob:
Enterobacterales Meropenem 982 610 (62.1) B interpretive criteria
Pseudomonas Piperacillin- 1064 559 (52.5)
aeruginosa tazobactam
Acinetobacter Imipenem 784 367 (46.8) |

baumannii

Simner PJ et al. Open Forum Infect Dis 2



Why were labs using obsolete breakpoints?

United

States
Reason (n = 835)
Efforts to use or implement current breakpoints underway 372 (44.6)
Plan to update, in progress 181 (48.7)
Not applicable because do not report, use alternate method, or send to reference laboratory 102 (27.4)
Changing panels or instruments 55 (14.8)

Validation testing not completed but underway 34 (9.1)
Ongoing use of obsolete breakpoints, no current revisions in progress 463 (55.4)
Manufacturerrelated issues 232 (50.1)
Resource limitations of staff, time, organisms, guidance, laboratory information system issues, cost 112 (24 .2)
Overlooked or unaware of breakpoint change or need to update 57 (12.3)

Facility does not support 30 (6.5)

Not done, under review for a variety of concerns 28 (6.0)

Do not want or intend to update 4 (0.8)

Data are presented as No. (%).

Simner PJ et al. Open Forum Infect Dis 2



CAP checklist update put labs in the hot seat!

MIC.11385  Current Antimicrobial Susceptibility Test Interpretation Breakpoints Phase |

y Effective January 1, 2024, the laboratory uses current breakpoints for interpretation of

antimicrobial minimum inhibitory concentration (MIC) and disk diffusion test results. New
breakpoints are implemented within three years of the date of publication by the FDA for
laboratories subject to US regulations, or within three years of publication by CLSI,
EUCAST or other standards development organization (SDO) for laboratories not subject
to US regulations.

NOTE 1: For laboratories subject to US regulations, a breakpoint is considered obsolete three

At m|n|mum -AeArdited labs need'Lto years after publication of an update by the FDA, though the laboratory may use currently

accepted breakpoints from other SDOs with va!rdafmn to support use. SDOs that develop
Implement updated FDA BPs withi ﬁﬁrrﬁe include the Clinical and Laboratory Standards Institute (CLSI) and the European
publication, even if their AST devick Stﬁq*ngg@g on Antimicrobial Susceptibility Testing (EUCAST). Whether using breakpoints from
the FDA or other SDOs, US laboratories must, at a minimum, adopt the change within three
obsolete BPs. years of the official publication date of the updated breakpoint by the FDA.

Labs can also implement CLSI BPs, ev@Pthose not

recognized by FDA. Evidence of Compliance:

+ Records of validation reports for breakpoints that differ from those included in the FDA-
learance of an instrument AND
ns E{ ds of the interpretive criteria used for antimicrobial susceptibility testing AND
a t Sourpe goaqgmgni (including year of publication) from which the interpretive criteria were
derived AN
+ Patient or LIS reports with interpretations matching the source document

Both scenarios constitute modificatE
devi c e 0 s vald&ibnh t

CAP Accreditation Program Microbiology Checkili:



Labs have been putting In the work

ALabs may be able te¢@datepreakpoints with their existing commercial £
If It includes the appropriate dilutions, following performance validation

AResources with expert guidance:

.+ COLLEGE of AMERICAN

Introduction @V_CLSL AL o PATHOLOGISTS é sourTvion

2023 Breakpoint Implementation Toolkit
AArchived AC&P webinar (Breakpoints Matter)

AArchived CLSI BIT webinar (Get Current)
ACLSI M68 document forthcoming in 2026

https://clsi.org/meetings/ast/breakypsetD|Kit/



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?

AUnreasonable to expect individual clinical labestdbligserdommisince
specifications for an AST wheabetibgeakpoints in the same way that a
commercial device manufacturer would be expected to do (large clinic

Aln some cases, breakpoint update validations may consist of reanalyz
others, labs may need to test some contemporary isolates, but will no
test huge numbers

ALab directors may takbaseglapproach, weighing thetujsiatiolg the
breakpoints vs. small challenges identified with testing (i.e., do | care
errors or about the % of my 1 so
by the new breakpoints?)

ALabs that do have the resources for larger studies looking at the perfc
AST devices with updated breakpoints should consider doing those s
their results to help informaegisigracross the clinical microbiology cor




Question #5:

How woul d t he F DZXdoslak




FDA Labordbayeloped Tests (LDT) Rule

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

ARul e says that FDA will start r
di scretiondo) when the manufactu
Ai .e., they consider LDTs oO0devicesbé



But wait! Does modifying the breakpoints recdatadch nr
AST Into an LDT?

AYes. Using breakpoints that are different than those for which a device
cl earance Is consi dered by FDA 1
t he safety or effectiveness of

AThis is true even if the breakpoints you want to use are those currently
FDA. If the manufacturer has not sought and received clearance of the
updated breakpoints, updating them in & ddividual lab




Current CLSI

Current S DJAY

PieaéHt'mzobaca

Device clearance

O 64/ 428

/| @ R6/ZDEB4

/ 341\ZL(R)4recd)gn|ze

Ceftazidime O 8 0S,321R*10, 8 OS,321 &R O, 8 86
Cefepime O 8 0S,321R*I0, 8 OS,321 &R O, 8 86
Imipenem O 40S168RKF,0 20SS8 MZ100 recognize
Meropenem O 40S168RKF,O 20S8 &R M100recognize
Ciprofloxacin O 10S4 R* 10O 0.G 25,R M100 recognize
Levofloxacin O 2 C)S 8 B*| ,0 10S4 R M100 recognize

--------------------- ~impossible




Why are manufacturers reluctant to submit devices for cle
current FDA breakpoints?

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

ARisk of losing other claims, for example:

ASensititre meropefEemewadachteai adewaie
16 R many years ago

ACLSI subsequently set a different meropenefh bezakp@sai@O, 84 R),,
was recognized by FDA

Alf Sensititre goes to FDA with data showing that their meropenem test works w
P. aeruginogakpoints, FDA will review meropenem performance for all organis
the device

A Since FDA only clears devices that use FDA breakpoints, Sensititre would lose

claim for mer obpreinemol & c-thauyapsasPsctddponds
Achromobasygr., etc.) because FDA does not have meropenem breakpoints fo



oLegacyd device
breakpoints

Use dabel with obsolete breakpoints, riskin
safety and out of compliance with CAP req!

Pressure device manufacturer to update to
FDA breakpoints, risking loss of claims for
organisms?

Validate as an LDT with the current FDA br

Stop testing thislluggcombination with this ¢
bring on a new system that canlaeel@ed on



CATCH-22

A problem for which the only solution is denied by a ¢

Inherent in the problem or by a rule
MerriatWebster

A tricky problempamar absurd situation
Wikipedie

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
t he FDAOs LDT Rul e

Most | abs woul dnot have t he
required under the rule

Some AST would become impossible, since in the
absence of an FDA breakpoint, FDA will not authorize a
test




OXFORD

Clinical Infectious Diseases .g

How New Regulation of Laboratory-Developed
Antimicrobial Susceptibility Tests Will Affect Infectious
Diseases Clinical Practice

Kaleb H. Wolfe,! Virginia M. Pierce,2 and Romney M. Humphries®

"Department of Infectious Diseases, Vanderbilt University Medical Center, Nashville, Tennessee; “Department of Pathology, University of Michigan Medical School, Ann Arbor: and *Pathology,
Micrabiology and Immunology, Vanderbilt University Medical Center, Nashville, Tennessee

At the time of publication (April 2024), there were >220 differences between CLSI and FDAtbnsaky
In which CLSI had a breakpoint published in the M100 that FDA did not recognize and for which Fl

This tally did not include any of the breakpoints in the CL8bld#&midevonemwdec.,

Clinical vignettes describing what would happen under the FDA LDT Rule given tdeulgck of FDA bi
combinations like daptontycmaradbccus IgedddB@MX and doxycyclSammhococcus aarelany drugs
withStenotrophommadgteophdtnese are not esoteric scenarios!

Wolfe KH et al. Clin Infect Dis 2(






Exemptions fromarket review

ATests first marketed before 5/6/2024

A Noexempt from compliance with first two phases, including listing and labeling
A All bets are off if you modify something important (for example, a breakpoint)

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



Exemptions fromarket review

AdJn me t needod LDTSs

A Manufactured and performed by a laboratory integrated within a healthcare system to me
patients within the same healthcare facility
A Does not include patients being treated at an affiliated hospital with a different corporate o
laboratory

A Limited to LDTs that are ordered by a healthcare practitioner on the staff or with credential
owned and operated by the same healthcare system employing the laboratory director anc
believes the shared responsibility and potential liability for patient outcomes mitigates risk)

AdUnmet needod meawmtshdrhiezed ilIsVDot matai meadtl

AThedecisma ki ng process for determining if a
the FDA rule and had remained unclear

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



Wh at counts as an ounmet

A There is no¢lésxed AST fordrbggombination because there is no FDA breakpoint, and so FI
possible?

A There is no-¢&&sked AST fordrbggombination for which there is an FDA breakpoint, but for w
manufacturer has (yet) sought clearance?

A There is no AST that was cleared with the current FDAdmegkpaibisdtion, mrdy ASTs cleared
obsolete breakpoints?

A There is at least oteRi2d AST device fodtig loogbination that uses current FDA breakpoint:
doesndot own the necessary i1 nstrumentation

A There are EBAred AST devices fodthg bombination, but CLSI breakpoints differ from FDA br
Probably not, since FDA states that opote



Question #6:

How do we get out of this mess?!?




Deus ex machina

ogod f r odaplotdexvicema c
whereby a seemingly unsolvable probl
story Is suddenly or abruptly resolved |
unexpected and unlikely occurrence

Court Throws Out LDT Rule

Release Date: 31 Mar 2025




https://www.linkedin.com/pulse/ttawstsimngguidéndingleapatHorwardhatisaleem



Potential paths forward if LDT Rule stood?

APath #1: AST caute
AFDA could create @oafoeAST from LDT regulation (keep the status quo)

ADownside of this approach is that the statusdue mwuetigieaf breakpoint gaps .
burden is on clinical labs to close those gaps to deliver the highest quality pati

Wolfe KH et al. Clin Infect Dis 2(



Potential paths forward if LDT Rule stood?

APath #2: OMIC onlydé AST device cl

AFDA could move to a system whereby
essential agreement and bias as performance criteria, rather than categorical

AWould align with-th® approach, where 1SOgR@iErGe is followed to determine th
performance of AST devices

AWould ensure accuracy of test results (MICs) while allowing interpretation of tl
most dp-date breakpoints according to CLSI

AWould remove the requirement for commercial device manufacturers to resub
breakpoints are updated, leading to much faster implementation

Wolfe KH et al. Clin Infect Dis 2024: 78: 1140. RutelhIB)28ab1t €0th154207 48(X02



Potential paths forward if LDT Rule stood?

APath #3: Broad recognition of CLSI breakpoints by FDA

AFDA could decide to much more broadly recognize CLSI breakpoints, especia
drug combinations

AWe then need AST device manufacturers to rapidly submit devices for clearar
recognized breakpoints

A We need FDA to be clearer about the specific data required for breakpoint updates :
submission pathway

A The FDA Special Controls Document that gives guidance to AST device manufactur
and yet the expectations have significantly evolved in the interim as evidenced by FI
510(k) decision sunamaregacturers basically have to deduce the unwritten rules thrc
examination of FDAOs deci sions

Wolfe KH et al. Clin Infect Dis 2024; 78: 1140. RetedblB)28a61 €0015422. Class Il Special Controls Guidance Document: Antimi
Systems, document issued AugL



Updates to Standards Recognition

As of February 12, 2025, unless specific exceptions and additions are identified, FDA fully

1 recognizes the standards published in:

/

‘Q BREAKING NEWS . Clln.lc.?l ant.d Lat:war«f.itfar.*yr .E.Btandar.ds Institute (CLSI). Performance Standards for
v, Antimicrobial Susceptibility Testing. 35th ed. CLSI supplement M100; 2025.

Updates to F \Pigaguary & 2025 ceinlesg sgepicexcepliqas and additions are identified, FDA fully
1/16/25 and 2/12/25 recognizes the standards published in:

» Clinical and Laboratory Standards Institute (CLSI). Methods for Antimicrobial Dilution
and Disk Susceptibility Testing of Infrequently Isolated or Fastidious Bacteria. 3rd ed.

Y U.S. FOOD & DRUG CLSI document M45; 2015.

ADMIMNISTRATION

(Similar language about the CLSI yeast, filamentous fungi, mycobacteria, and my
documents!)

Some differences remain, but the list of breakpoint gaps between CLSI and FDA su
a whole lot shorter!

https://www.fda.gov/drugs/devebtgoustds/notiapslate



What should we be doing in the meantime?
A

A

A Stay in touch with your AST device manufacturer(s) about their plans to seek clearance w
given recent updates to FDA STIC

A Continue to work with your antimicrobial stewardship team to prioritize and implement bre:
validation and risk assessment strategies you think are appropriate

A Pay attention to news and information about this topic (including that shared by your profe

https://persomalolutiamompany.mykajabi.comatiokumgn theadhthesanc



Thank you!

vpierce@med.umich.edu

UNIVERSITY OF MICHIGAN
MEDICAL SCHOOL
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Genotypic vs Phenotypic Antimicrobial Susceptibility Testing

Phenotypic AST . 9F
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 resistan
Currently available genotypic AST

*%* Blood Culture IBr*%
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

Resistance Genes Relevant Organisms Antimicrobial

Gram Positive Organisms

mecA Staphylococcus Oxacillin and/or cefoxitin
mecC species
vanA

Enterococcus species Vancomycin
vanB



Genotypic vs Phenotypic Antimicrobial Susceptibility Testing

Resistance Genes Relevant Organisms Antimicrobial

Gram Positive Organisms

mecA Staphylococcus Oxacillin and/or cefoxitin
mecC species
vanA

Enterococcus species Vancomycin
vanB

Gram Negative Organisms

CTX-M (ESBL) Enterobacterales Ceftriaxone, cefotaxime
Carbapenemases
KPC Enterobacterales
NDM : Ertapenem
P. aeruginosa
VIM . : Meropenem
IMP Acinetobacter species

OXA23/48




Limitations

Limited to bug/drug combinations with single (or narrow) mechanism of resistance
l mecAdetection predicts methicilliresistantS. aureus
vanAB detection predicts vancomycin resistahterococcuspecies

mecCdetection may be missed if pangétects onlymecA-> miss MRSA

Antimicrobial resistance (AMR) genes not on panel may be missed
A vanBdetection may be missed if panel detects omynA-> miss VRE

® @ @ Complex mechanisms of resistance lead to lower predictive power
I_|_I Absence of marker does not necessarily predict susceptibility
® Barrier to prediction in Gram negative organisms
Lack of detection of CT™ does not predict cephalosporin activity
Lack of detection ofarbapenemasgenes does not predict carbapenem activity

| Genotypic AST is performed in addition to (not inTieu of) ~— |
L e e e e e e e e — Rhenatypic AST_ _ — o — — — — — — — — I



Implementing Genotypic Susceptibility Testing:
Reporting and Communication

Reporting
Incorporate into culture results vs separate line list
Considerations:
LIS/EMR capabilities
Billing

Date/Time NAME SPECIMEN CULTURE
04/15/21 0700 BLOOD CULTURE BLOOD ARM, LEFT POSITIVE SMEAR:
GRAM POSITIVE COCCI RESEMELING
STAPHYLOCOCCI
growth in both bottles
04/15/21 0700 BLOOD CULTURE MOLECULAR DETECTION  BLOOD ARM, LEFT Staphylococcus aureus detected
mech/mecC gene not detected
Blood Culture [439351753] ) Component Value Methicillin susceptible
(Abnormal) Blood Culture staphylococcus epidermidis ! "
Blood Peripheral Blood Culture Gram Positive Rods 1 © B
Blood Culture [439351755] Component Value
Blood Peripheral Blood Culture Negative 2 Days "
BCGP MAAT [439455861] @ Component Value
Blood Peripheral Staphylococcus species Mot Detected
Staphylococcus aureus Mot Detected
Staphylococcus epidermidis Not Detected
Staphylococcus lugdunensis Not Detected
Streptococcus species Not Detected

Streptococcus anginosus (Milleri) group Not Detected
Streptococcus agalactiae (Strep Group B) Mot Detected
Streptococcus pyogenes (Strep Group A) Mot Detected

Streptococcus pneumoniae Mot Detected
Enterococcus faecalis Not Detected
Enterococcus faecium Not Detected
Listeria species Not Detected

mecA gene (Methicillin) resistance NAAT Mot Applicable
Van-A gene (Vancomycin) resistance NAAT Mot Applicable
Van-B gene (Vancomycin) resistance NAAT Mot Applicable




Implementing Genotypic Susceptibility Testlng
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

Amethicillin susceprgizt—ro>tr—

Avancomycin SUSCEep| PosITVESMEAR:

- . GRAM POSITIVE COCCI RESEMELIMNG

NESBL producero STAPHYLOCOCCI

~ . b growth in both bottles

nresi s t an t t 0 car Staphylococcus aureus detected
mech/mecC gene not detected
Methicillin susceptible

Initial go-live communication with physicians
Emphasize preliminary nature of results
Discuss possible discrepancies and expected outcomes



Implementing Genotypic Susceptlblllty Testlng

Phenotypic AST remains the gold standard

Implement checks in SOPs to confirm genotypic / phenotypic agreeme @ /2
Check PRIOR to reporting phenotypic AST ¥y
Establish basic procedures for work up of discrepancies
Communication pending resolution

Clinical team, section director, management (TS, lead, supe, eti

Relevant Organisms Resistance BCID Gene Antimicrobial Expected AST Result
Genes Result

BCID-GP

Staphylococcus mecA Detected Oxacillin and/or cefoxitin Resistant

species mecC Not Detected Susceptible

Enterococcus species vanA Detected Vancomycin Resstant
vanB Not Detected Susceptible

BCID-GN

Enterobacterales CTX-M Detected Ceftriaxone, cefotaxime Resistant
KPC

Enterobacterales, NDM

P. aeruginosa, VIM Detected hEAr?;?)peiger}nm AND Resistant

Acinetobacter species | IMP
OXA23/48




Genotypic to Phenotypic Comparison Scenarios

1. Genotype correlates with phenotype
No further testing required

2. AMR gene detected; isolate is phenotypically susceptib
Require additional follow up
t

3. AMR gene not detected; isolate is phenotypically resist



Genotypic/Phenotypic Conflicts
Approaches to Troubleshooting

Documentation Initial Work Up
BCID module, panel lot Confirm purity of culture and AST set up
Blood culture bottle type, lot Confirm organism ID as appropriate
Any additional necessary for vendor Rule out clerical errors; double check BCID
troubleshooting reporting

Review patient history / AST for similar results

BCID AMR GENE CONFLICT TROUBLESHOOTING QUICK GUIDE

A Confirm pure culture; if mixed, work up separately
A Confirm organism ID

A Rule out clerical errors

A Review patient history / past AST

Initia | steps
performe d by
bench tech

A Document module and lot number of BCID panel used

A Document lot number of blood culture bottle

A Notify management and secti on dir ector

A Hold AST

A Perform below steps in consultation with section director / mgmt

If conflictis not
resolved




Genotypic to Phenotypic Discrepancy Cases

Wh at t o do when t he resul



Genotypic/Phenotypic Discrepancies: Case 1

Discrepancy
Carbapenemase gene not detected
Ertapenem S/ Imipenem R

Gram:
Gram negative rods Reason
BCID: . Proteus, Morganella, Providencia have intrinsically elevated IMI MIC
Protelis mirahilis detected
I KPC, NDM, IMP, VIM, OXA23/48 not detected I CLSI M1001 Table 2A_l’ Comment 25
Culture: - Troubleshooting Considerations
Proteus mirabilis N
AST: one
Amikacin <=8 S
Amp/Sulb >16/8 R Resolution
Ceftrigaxgne >=4 R
Ertapenem <=0.25 S None
Imipenem ;i 5 Does not need management review
Levofloxacin >4 R
Pip/ Tazo 32/4 I
Trim/Sulfa >2/38 R



(Blological) 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

Acinetobacter
baumannii

Staphylococcus
aureus

Ertapenem R

Meropenem R

Oxacillin R

No
carbapenemase
gene detected

No
carbapenemase
gene detected

mecA negative

Derepressed ampC + porin mutation

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

mecC
Staph b-lactamase hyperproduction
(BORSA)




Genotypic/Phenotypic Discrepancies: Case 2

Gram:

BCID:

Culture;

AST:

Gram positive cocci

I mecA/C gene detected I

Staphylococcus epidermidis

Clindamycin <=0.5 R
Daptomycin <=1 S
Erythromycin >4 R
Gentamicin <=2 S
| inezaolid 2 Q

L:xacillin 1
IIdIII[JIII <S—U.

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

Oxacillin
Interpretive Categories and MIC Breakpoints

S R

Staphylococcus species

S. aureus gnd S. > 2 ] o4
lugdunensis
S. epidermidis O00. 5 - 01
S. pseudintermedius, S.

coagulans, and S. O00. 5 - 01
schleiferi




Genotypic/Phenotypic Discrepancies: Case 3

Gram:

BCID:

Culture;

AST:

Gram positive cocci

Staphylococcus aureus detected

Staphylococcus epidermidis detected

hle contaminant
mecA/C gene detected

Staphylococcus aureus

Staphylococcus epidermidis, probable contaminant

Staphylococcus aureus

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

BLOOD ARM, LEFT

Clindamycin <=0.5 R
Daptomycin <=1 S
Erythromycin >4 R
Gentamicin <=2 S
: . 2
| Oxacillin 1 g_l
ITampin <=0.5 S
Trim/Sulfa <1/19 S
Vancomycin 1 S

Staphylococcus aureus detected
Staphylococcus epidermidis detected
mech/mecC gene detected

When multiple staphylococcal species are
present, association of the mecA/C
resistance gene with a specific organism
cannot be determined.




(Blological) Sources of Genotypic/Phenotypic Conflicts

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



Genotypic/Phenotypic Discrepancies: Case 4

Discrepancy
mecA/C gene detected
Methicillin susceptible

Gram:
Gram positive cocci Reason
BCID: Mixed culture with coagulase negative Staphylococcus species
I mecA/C gene detected I (CONS)
_ Hetero-resistant population
Culture: Gene truncation / mutation
Staphylococcus aureus
AST:
Clindamycin <=0.5 R Troubleshooting Considerations
Daptomycin <=1 S Repeat AST with alternative method (eg, cefoxitin disk) as
Erythromycin >4 R :
Gentamicin <=2 S available
Linezolid 2 = Consider testing bottle by alternative MRSA test
Oxacilli 1 S .
LR.).(S.C.'.J.?. g_u.s—sJ Heavy subculture to find CoNS

Tetracycline <=0.5 S Subculture to BAP with FOX disk
Trim/Sulfa <1/19 S )
Vancomycin 1 S Perform PBP2a antigen test

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



(Blological) Sources of Genotypic/Phenotypic Conflicts

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



Genotypic/Phenotypic Discrepancies: Case 5

Discrepancy
vanA/B gene detected
Vancomycin susceptible

Gram:
Gram positive cocci Reason
BCID: . Hetero-resistant population
I vanA/B gene detected I Gene de|etI0n/mUtatI0n
Culture: | Troubleshooting Considerations
Enterococcus faecium . . . . . .
AST Consider mixed population with multiple Enterococcus species
Ampicillin >8 R Confirm species identification / culture purity
Daptomycin 4 S Repeat vancomycin AST by an alternative method (eg, strip, vanc
Gent Synergy <=500 S .
Linezolid S screening plate)
Rifampin . 2 Consider detection of vanA/B gene by alternative method, if
I Vancomycin <=0.5 S I available




Genotypic/Phenotypic Discrepancies: Case 5

Life, uh... finds a way.

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
A 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

<:WH—1.W2>_-. Varns >_. Va.,H> vm v...y>_| Varz >
secondary DNA structure change led to constitutively expressed
vanA gene

Report initial isolate as vancomycin R



(Blological) Sources of Genotypic/Phenotypic Conflicts

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 t
Troubleshooting:
Rule out alternative explanations
Literature review of reported cases



Troubleshooting Genotypic/Phenotypic Conflicts

YYou donot have to filgure o

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

YYou donot have to filgure o

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic Genotypic AST Reporting

AST
Staphylococcu Oxacillin / mecA/C Isolates that test positive for mecA or PBP2a or resistant
S spp cefoxitin S detected by any of the recommended phenotypic methods should

be reported as methicillin (oxacillin) resistant




Troubleshooting Genotypic/Phenotypic Conflicts

YYou donot have to filgure o

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic Genotypic AST Reporting

AST
Staphylococcu Oxacillin / mecA/C Isolates that test positive for mecA or PBP2a or resistant
S spp cefoxitin S detected by any of the recommended phenotypic methods should

be reported as methicillin (oxacillin) resistant

Enterococcus Vancomycin S vanA/B Vancomycin R
spp detected




Troubleshooting Genotypic/Phenotypic Conflicts

u donot have to filigure o

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic Genotypic AST Reporting

AST
Staphylococcu Oxacillin / mecA/C Isolates that test positive for mecA or PBP2a or resistant
S spp cefoxitin S detected by any of the recommended phenotypic methods should

be reported as methicillin (oxacillin) resistant

Enterococcus Vancomycin S vanA/B Vancomycin R
spp detected
Enterobacteral Meropenem S KPC, NDM, CLSI: Send to reference lab for AST via reference BMD
es VIM, IMP, OXA Report AST as tested + AMR gene + caution

detected comment




Troubleshooting Genotypic/Phenotypic Conflicts

I
CLSI M100 ed35 (2025) Appendix G Table G3 : 0
If the discrepancy is not resolved, repeat AST should be :
performed using a reference method and the conflicting '{ed
! genotypic and phenotypic testing results should both be S
Ofgf{ reported along with a comment advising caution; |
s Sl current clinical and laboratory evidence is insufficient to buld

| conclude whether carbapenem monotherapy of :
Entel carbapenemase-carrying strains with an MIC in the S range will be
PP : effective, or whether the molecular assays are completely
Entey accurate.

es o —— === = TVI,TTIVIT TUZRATT T T OMOPUTL MO o Stietl Ty o '-\J'EUH\JFI'L;'UII'I'I'II'CI'I

detected WDL: Report all cephems and carbapenems as R




Troubleshooting Genotypic/Phenotypic Conflicts

u donot have to filigure o

Establish a reporting scheme for when discrepancies are not resolved

Organism Phenotypic Genotypic AST Reporting
AST
Staphylococcu Oxacillin / mecA/C Isolates that test positive for mecA or PBP2a or resistant
S spp cefoxitin S detected by any of the recommended phenotypic methods should
be reported as methicillin (oxacillin) resistant
Enterococcus Vancomycin S vanA/B Vancomycin R
spp detected
Enterobacteral Meropenem S KPC, NDM, CLSI: Send to reference lab for AST via refBMD
es VIM, IMP, OXA Report AST as tested + geno + caution comment

detected WDL: Report all cephems and carbapenems as R




Table G2. Strategies for Reporting Vancomycin Results When Using Molecular and Phenotypic AST Methods for
Enterococcus spp.

Results

Resistance = Phenotypic

Trou bIeShOOtI ng Indication M::Hr:::un:-:s] Methods SP:;::n “mﬂ [Il’::::d} suﬁﬂ:;:?:ur::ur Reportas:  Comments®

. . Detection of [vand MAAT ar Blood culture (vond andfor  [Vancommycin B NAA Report phenotypic 1-3
D d t G t WRE vang array broth or vong detected result as found (if
I S CO r an e n O yp I C hybridization [surveillance available); consider
technology  |cultures reporting presence

of molecular target

and Phenotypic Result

protocol.
vond andfor  |Vancomycin 5 |NAA Report phenotypic
vanB not result as found (if
detected available); consider

reporting presence
of molecular target
per institutional

Resources: protocol.

vond andfor  |Mancomycin 5 |Confirmisolate  |If discrepancy is not 1-3

CLSI Mloo Append|x G USlng MOIeCUIar vong detected identification to  |resolved by
species level (eg, |suggested esting,

Assays for Resistance Detection E faccaks)and . [reportas

repeat AST. I vancomycin R
mixed culture,

Yee R, et al. J Clin Micro 2021 (PMID vty
33441396) vond andfor  [Vancomycin R [Confirmisolste  |If discrepancy is not 4

vang not identification to  |resolved by
detected species level (eg, |suggested testing,
E. foecalis) and report as
repeat AST. If wvancomycin R
mixed culiure,
test isolates

individually.




BCID AMR GENE CONFLICT TROUBLESHOOTING QUICK GUIDE

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)

Initia | steps A Conf!rm pure c_ulture; if mixed, work up separately
¢ db A Confirm organism ID

[PEINELIHE y A Rule out clerical errors

bench tech A Review patient history / past AST

A Notify management and secti on dir ector
resolved

A Hold AST

A Document module and lot number of BCID panel used
I certiie s men A Document lot number of blood culture bottle
A Perform below steps in consultation with section director / mgmt

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

A Confirm correct AST breakpoints were used
A Perform PBP2a

A Reset AST by alternative method

A Reset AST with 50McF (100X inoculum)

mecA/C detected

A Confirm culture purity: if mixed, CONS may carry the mecA/C gene
methicillin susceptible

AST from growth within the zone
Presence of the FOX disk may help induce mecA expression
May help identify heteroresistant (mixed R/S) population
A Perform mecA PCR directly from colony (eg, Xpert)

A Heteroresistant population
A Mixed culture

A Subculture blood culture bottle to BAP with FOX disk in Q1; repeat
A Gene deletions / mutations

If unable to resolve, report methicillin R

vanA/B detected

. . A Confirm species-level identity
vancomy cin susceptible

E. gallinarum and E. casseliflavus are resistant to vancomycin

A Heteroresistant population
A Gene deletions / mutations

A Repeat vancomycin AST by alternative method

> via the vanC gene

If unable to resolve, report vancomycin R

ceftriaxone susceptible o
AST from growth within the zone

Presence of CRO may help identify a resistant population

A Heteroresistant population
Pop A Repeat 3 gen cephem AST by disk

A Poor ESBL expression

CTX-M detected
A Subculture blood culture bottle to BAP with CRO disk in Q1; repeat
A Loss of plasmid >

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

carbapenemase detected

susceptible AST from growth within the zone
Presence of MEM may help identify a resistant population

A Poor CPase expression
A Heteroresistance
A Gene truncation

A_Loss of plasmid

A Repeat meropenem and ertapenem AST by disk

merope nem / ertape nem > A Subculture blood culture bottle to BAP with MEM disk in Q1; repeat
> A Send to KDHE for additional genetic testing

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




Interpreting Discordant Genotypic and Phenotypic Results

| t 6s complicated!
Goal of susceptibility testing is to predict treatment success/failure for the
patient

Detection of a resistance marker does not necessarily predict therapeutic failure of an antibiotic
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 discre
Low gene expression in culture
Mixed populations / heteroresistance
Poor organism growth, leading to erroneously low MICs



Interpreting Discordant Genotypic and Phenotypic Results

Keys to successful implementation of genotypic susceptibility
testing
000
Established defined workflows for troubleshooting commonly
® identified discrepancies
Guidelines for bench technologists and microbiology leader
Timely reactions to identified discrepancies

e oD THEN 4 LETII
x MIRACLE ;ons vl e
QCCURS ..~ e

@

o Balance need for accuracy and investigation with the associated
increased cost and TAT

V1S

Communicate with physicians, antimicrobial stewardship team,

pharmacy T o -
Transparency on expected discrepancies, troubleshooting INK Hou sHouD) & MORE
plans EXPLIUT HERZE N STEP TWOW

Active communication on a case-specific basis




Questions?



