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Objectives

• Discuss gaps between breakpoints and clinical practice
• Convey options for real-time reporting of susceptibility based 

comments 
• Discuss mechanisms for communicating susceptibility information 

beyond S/I/R 
• Discuss impact of susceptibility comments to clinical practice 
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How Susceptibility Comments Are Used
• Convey susceptibility information in the organism name
• Get information into the electronic health record (EHR) that cannot 

be communicated in the susceptibility table
• Communicate susceptibility information when no antimicrobial 

susceptibility test (AST) will be performed
• Infection prevention and control (IPC) purposes



Identification of a Mechanism
• Mechanistic testing can occur before, concurrent with, or after 

routine AST
• Genetic or phenotypic
• Reporting of a mechanism without further interpretation is 

inappropriate as providers often do not know the correlation 
between mechanism and antimicrobial resistance  



What’s in a Name?
S. aureus, oxacillin resistant

S. aureus, in susceptibility table 
input oxacillin R

S. aureus, methicillin resistant

MRSA, methicillin-resistant S. 
aureus

S. aureus, mecA positive???Problem gets worse when you add in molecular 
resistance; do you need to comment on methodology?  



Report Methicillin (Oxacillin) Resistance

CLSI M100, 29th Ed., 2019: Table 2C, Table 3E, Appendix H 



Organism Name MRSA Decision Tree

• Speaking a common 
language
• Informatics challenge
• Solution that worked for 

both the providers and 
IPC

EHR

IPC

Actionable AST data 
conveyed as the 
organism name

Provider



Identification of a Mechanism
Mechanism Detected What is Reported

mecA Methicillin-resistant Staphylococcus aureus detected by a molecular method. 

vanA/vanB Vancomycin-resistant Enterococcus detected by a molecular method. 

CTX-M Extended-spectrum beta-lactam detected by a molecular method. 

KPC (or NDM, IMP, VIM, OXA) Carbapenem-resistant organism detected. Presence of a KPC carbapenemase
detected by a molecular method. 

• CLSI guidance: report phenotypic results (if available) and consider 
reporting the presence of molecular target per institutional protocol

CAP Checklist, 2019: Results Reporting



Carbapenemase Detection
• Comment used to convey information 

for treatment and infection prevention 
and control purposes

CLSI M100, 29th Ed., 2019: Table 3C

• Carbapenemase
production has been 
associated with poorer 
clinical outcomes, 
including increased 
mortality over non-
carbapenemase
carbapenem-resistant 
Enterobacterales



“SPICE” Organisms
• Infer potential emergence of resistance based on the identification of the 

organism alone, without any AST
• Studies have reproducibly demonstrated emergence of resistance and 

therapeutic failure when third generation cephalosporins (and to some extent 
piperacillin/tazobactam) are used – but this is very nuanced and hotly debated 

Carrie C et al., J Crit Care. 2019 (56) 6-11 

• Overall treatment failure rate of 23%
• Emergence of resistance and failure rate 

was higher in those receiving a third 
generation cephalosporin

32%

18%



“SPICE” Organisms

• 60 year old male, status post neurosurgery, presents with infected bone flap

• Antimicrobial stewardship function
• Comment automatically appended 

when organism is reported

CLSI M100, 29th Ed., 2019: Table 2A



Dosing Guidance
• Numerous comments in M100 concerning dosing regimen

• Determining which dosing comments to include is a challenge



Dispense Dosing Recommendations
• Microbiologists, pharmacists, and ID specialists must partner to 

determine relevant comments
• Review comments yearly 
• Cascade report to limit the number of therapeutic options (and as a 

result the number of comments)
• Limit the number of orderable regimes in the EHR for a given 

antimicrobial



Different Doses for Different Organisms/Sites
• Provide guidance when the standard dosing strategy 

may need to be modified
• Choosing the “best” dose can be a challenge for the 

provider

Halsman, Phillipe. Time, June 20, 2016, Vol. 187. No 23
CLSI M100, 29th Ed. Table 2C and Table 2H-1

Table 2H-1. Streptococcus spp. beta-hemolytic group



Source-specific Dosing Guidance
• Important for privileged sites where drug levels may be lower than systemic levels 

(e.g. CSF for meningitis) and in compartments where concentrations of the agent may 
be higher than systemic levels (e.g. urine for uncomplicated urinary tract infection)

* Alternative reporting strategy is to create two 
antimicrobials, cefazolin and oral cephs, as an example



Expertise and Resources 

• In 2018, 85% of acute care 
hospitals met all seven of 
the Core Elements

• Evaluating literature and 
implementing new practice 
requires resources 

Dhaese SAM, Int J Antimicrob Agents. 2018 (4) 594-600



Communicate Predictable Susceptibility or 
Resistance Based on Identification
CLSI: “Susceptibility testing of penicillins... does not need to be 
performed routinely, because non-susceptible isolates are extremely 
rare in any beta-hemolytic streptococcus…” 
• Most laboratories utilize a version of this comment
• Weekly requests for full AST
• Technologists first evaluate EHR for penicillin allergy status
• Work with the provider to determine reason for request

CLSI M100, 29th Ed., 2019: Table 2H-1 



Communicate Intrinsic Resistance
• Agent may not be routinely released as part of routine AST
• Ability to provide clinically important information prior to AST
• Driven by a provider question

• Scenario: provider contacts the laboratory to request vancomycin
susceptibility on Pediococcus
• “Pediococcus species are intrinsically resistant to vancomycin. Isolates are 

generally susceptible to ampicillin and penicillin. Contact Microbiology if 
susceptibility testing is warranted.” 

CLSI M45, 3rd Ed. 2015: Table 18



Provide Surrogate Data
• Agent not routinely released on AST 

panel

• Scenario: provider contacts the 
laboratory to request 
piperacillin/tazobactam on 
Enterococcus faecalis
• “Susceptibility of Enterococcus faecalis to 

piperacillin/tazobactam can be inferred 
from susceptibility to ampicillin.” 

CLSI M100, 29th Ed., 2019: Table 2D



Reference Alternative AST Source
• Due to inability to perform AST in-house
• May be used when clinical significance is questionable
• Sources: CLSI standard, antibiogram, literature

“Anaerobe isolate held in lab for 7 days. Anaerobic antibiograms
available on Dweb in the Antimicrobial Stewardship page. Contact 
Microbiology if susceptibility testing required.”



Influence of Comments on Prescribing
• Clinical survey of vignettes to assess prescribing choices based on 

comments added to culture results

Papanicolas L, et al. JAC. 2017; (72) 1202-1205



Influence of Comments on Prescribing
• Scenario 1: Uncomplicated 

sore throat
• Scenario 2: Asymptomatic 

bacteriuria
• Scenario 3: Chronic wound
• Scenario 4(1): Colonization 

with MDR organism
• Scenario 4(2): intravenous 

drug user with bacteremia 



Reporting of AST Results – One Size Doesn’t Fit All
• Variation in testing methods/practices
• Differences in laboratory information (LIS) and electronic health 

record (EHR) systems – often, these are electronic hurdles
• Differences in expertise
• Antimicrobial stewardship programs, pharmacists, specialists – can’t touch 

every patient
• Variation in prescribing (e.g. dose/duration)
• Differences in infection prevention and control practices
• The Microbiology Laboratory is the first line of defense in getting 

clinically relevant AST information in the medical record    



What Guidance is Available? 
• Few publications endorsing exact language/recommendations

Morency-Potvin P, et al. Clin Microbiol Rev.2016; (30)381-407  



Published Guidance on Interpretive Comments

Antimicrobial Stewardship in Australian Health Care, 2018. 
Chapter 9: Role of the clinical microbiology service 

Intrinsic 
Resistance

Dosing

Surrogate



Summary
• Comments are necessary to communicate AST information to 

providers
• No one-size fits all approach
• Few resources directed at exact recommended language
• Lacking peer-reviewed literature of outcome data
• Challenges: 
• Differences between AST systems, electronic systems (LIS, EHR), expertise and 

oversight, resources, and clinical practice 



Reporting From the 
Rabbit Hole
Claire Burbick, DVM, PhD, DACVM
Washington State University



Systemic 
Challenges to 
Effective 
Communication

Veterinarians
Diagnostic Labs

Lack of 
knowledge

ID Veterinarians 
ID Pharmacists
Clinical Microbiologists

Lack of 
Specialists or 

Specialties

Little infrastructure to support this area of veterinary medicine
• Modern equipment
• Information technology
• Training or continuing education
• Research and outcomes assessment

Lack of 
money

Production medicine (multiple species and systems)
Small animal medicine (multiple species)
Exotic/zoo/wildlife
Aquatic species

Many 
Stakeholders

AMDUCARegulations



Specific 
Challenges



Case 1: Merlot

• Signalment: 18 year old Fe spayed, DSH

• History: 
• Chronic kidney disease
• Treatment-refractory anemia (darbepoetin)

• Recent findings:
• Thickened gall bladder wall and bile sludge 

(US)
• Pulmonary mass (rads)

• Submitted
• Bile
• Urine

Landofcats.net



Case 1: E.coli isolated from bile and urine

• Bile AST



Down the rabbit hole….

Cat breakpoints:
S≤ 0.25 – but  should always be 
reported as R which clinicians think 
means the E. coli is resistant –
extreme frowny face 

Where are the other interpretations coming from?

So really just fluoroquinolone 
breakpoints….



Is this ok?

Dog

Human

Amikacin
Cat: Nada
Dog: S <=4
Human: S <=16

Cefazolin:
Cat: Nada
Dog: S <=2
Human: S <=2

Cefpodoxime
Cat: Nada
Dog: S <=2
Human: S <=2



Can we 
report the 
nuance?



Plus 
definitions….



Or this?



Or this?



Last 
one…promise



Few more 
definitions….



What about agricultural 
animals?



Case 2: Sick calves

• 2 month old Holstein calves
• 8 dead
• 25 affected
• 500 in group

• Breathing hard
• Treatment with 

Tulathromycin and/or 
tetracycline

• Die within 1-2 days 
• Evidence of septicemia on 

histo
• Salmonella Dublin cultured 

from lung



S. Dublin AST

Isolate Antimicrobial Drug MIC Interpretation
Salmonella Dublin Ampicillin 2
Salmonella Dublin Ceftiofur 0.5
Salmonella Dublin Clindamycin >16
Salmonella Dublin Danofloxacin <=0.12
Salmonella Dublin Enrofloxacin <=0.12
Salmonella Dublin Florfenicol >8
Salmonella Dublin Gentamicin >16
Salmonella Dublin Neomycin <=4
Salmonella Dublin Penicillin G >8
Salmonella Dublin Spectinomycin 64
Salmonella Dublin Sulphadimethoxime >256
Salmonella Dublin Tetracycline >8
Salmonella Dublin Tiamulin >32
Salmonella Dublin Tilmicosin >64
Salmonella Dublin Trimethoprim-Sulfa <=2
Salmonella Dublin Tulathromycin 32
Salmonella Dublin Tylosin >32

😖😫😡😩



THE LAW?

The Animal Medicinal Drug Use Clarification Act of 1994 
(AMDUCA) permits veterinarians to prescribe extralabel
uses of certain approved new animal drugs and 
approved human drugs for animals under certain 
conditions. Extralabel use refers to the use of an 
approved drug in a manner that is not in accordance 
with the approved label directions. 



The list

The following drugs, families of drugs, and substances are 
prohibited for extralabel animal and human drug uses in food-
producing animals.

• (1) Chloramphenicol;

• (9) Sulfonamide drugs in lactating dairy cattle (except 
approved use of sulfadimethoxine, sulfabromomethazine, 
and sulfaethoxypyridazine);

• (10) Fluoroquinolones

• (11) Glycopeptides.

• (13) Cephalosporins (not including cephapirin) in cattle, 
swine, chickens, or turkeys:
• (i) For disease prevention purposes;
• (ii) At unapproved doses, frequencies, durations, or 

routes of administration; or
• (iii) If the drug is not approved for that species and 

production class.



THE LAW

Isolate Antimicrobial Drug MIC Interpretation
Salmonella Dublin Ampicillin 2
Salmonella Dublin Ceftiofur 0.5
Salmonella Dublin Clindamycin >16
Salmonella Dublin Danofloxacin <=0.12
Salmonella Dublin Enrofloxacin <=0.12
Salmonella Dublin Florfenicol >8
Salmonella Dublin Gentamicin >16
Salmonella Dublin Neomycin <=4
Salmonella Dublin Penicillin G >8
Salmonella Dublin Spectinomycin 64
Salmonella Dublin Sulphadimethoxime >256
Salmonella Dublin Tetracycline >8
Salmonella Dublin Tiamulin >32
Salmonella Dublin Tilmicosin >64
Salmonella Dublin Trimethoprim-Sulfa <=2
Salmonella Dublin Tulathromycin 32
Salmonella Dublin Tylosin >32



The shorter list…

Isolate Antimicrobial Drug MIC Interpretation
Salmonella Dublin Ampicillin 2
Salmonella Dublin Ceftiofur 0.5
Salmonella Dublin Florfenicol >8
Salmonella Dublin Trimethoprim-Sulfa <=2



Interpretations and Comments

Isolate Antimicrobial Drug MIC Interpretation
Salmonella Dublin Ampicillin 2 Resistant
Salmonella Dublin Ceftiofur 0.5 Susceptible
Salmonella Dublin Florfenicol >8 Resistant
Salmonella Dublin Trimethoprim-Sulfa <=2 NA
Please Note:  Bovine breakpoints are derived from Bovine Pasteurellaceae breakpoints and 
may not provide as accurate clinical efficacy information.  Unfortunately, we also lack bovine-
specific clinical interpretations for one of antimicrobial agents reported. The MIC reported is 
an in vitro measure which may aid in clinical decision-making in conjunction with 
pharmacologic and efficacy information. Please review with caution.



An alternative…

Isolate Antimicrobial Drug MIC Interpretation
Salmonella Dublin Ampicillin 2 Susceptible
Salmonella Dublin Ceftiofur 0.5 NA
Salmonella Dublin Florfenicol >8 NA
Salmonella Dublin Trimethoprim-Sulfa <=2 Susceptible
Please Note:  Interpretaions provided are derived from human Enterobacteriaceae 
breakpoints and may not provide as accurate clinical efficacy information.  Unfortunately, we 
also lack bovine-specific and human clinical interpretations for antimicrobial agents reported 
for this isolate. The MIC reported is an in vitro measure which may aid in clinical decision-
making in conjunction with pharmacologic and efficacy information. Please review with 
caution.



An alternative…

Isolate Antimicrobial Drug MIC Interpretation

Salmonella Dublin Ampicillin 2 Wild-type

Salmonella Dublin Ceftiofur 0.5 Wild-type

Salmonella Dublin Florfenicol >8 Non-WT

Salmonella Dublin Trimethoprim-Sulfa <=2 Wild-type

Please Note:  Interpretations provided are derived from ECOFFs and are not a clinical 

parameter. However, the MIC reported is an in vitro measure which may aid in clinical 

decision-making in conjunction with pharmacologic and efficacy information. Please review 

with caution. 



Last try!

Isolate Antimicrobial Drug MIC Interpretation Species Interpretation
Salmonella Dublin Ampicillin 2 Resistant Bovine
Salmonella Dublin Ceftiofur 0.5 Susceptible Bovine
Salmonella Dublin Florfenicol >8 Resistant Bovine
Salmonella Dublin Trimethoprim-Sulfa <=2 Susceptible Human
Please Note:  Both Bovine breakpoints, derived from Bovine Pasteurellaceae breakpoints, and Human breakpoints, 
which are Enterobacteriaceae specific, were used which may not provide as accurate clinical efficacy information.  
Please review with caution. For acquired resistance monitoring, this isolate would be considered wild-type with no 
phenotypic resistance detected to Ampicillin. 



It’s complicated for us 
and we need help to 
reach that escape 
door….



Where do we want to 
go?
• Education on many levels
• Promotion of  technical resources

•Species-specific 
breakpoints

• Consistent reporting of interpretations
• More funding for veterinary stewardship 

across all species 
• Small steps toward informative 

communication in reporting
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CLSI M60, 1st Edition – Published Breakpoints

SDD?

Intrinsic Resistance?

Site-specific 
Reporting?

Susceptibility 
Prediction Rules?



• Interpretation Definitions
- Susceptible-Dose Dependent (SDD)
- Epidemiologic Cutoff Values (ECV)

• Intrinsic resistance

• Site-specific drug penetration

• Susceptibility prediction

• Age-related antifungal use

• Use of alternative breakpoints

• Empiric therapy options

Things you may want to convey using 
susceptibility comments…



• Reporting out SDD with no context is confusing for the end user

• Susceptibility depends on achieving the maximum possible blood levels

• For fluconazole dosing in normal adults, higher doses may be required above 
the standard 6mg/kg/day

Susceptible Dose Dependent (SDD)

Yeast Fluconazole SDD Breakpoint

C. albicans, C. parapsilosis, C. 
tropicalis

4 µg/mL

C. glabrata ≤32 µg/mL



• Consider:

Information on dosing
- Be cognizant of adult vs pediatric patients*

Appropriate stakeholders

*Nielsen, L.E., et al. 2019. One size fits all? Application of susceptible-dose-dependent 
breakpoints to pediatric patients and laboratory reporting. J Clin Microbiol, 58(1), e01446-19.



ECV’s available for:

• A number of Candida species without clinical breakpoints

• Cryptococcus species (specific molecular types)

• A number of Aspergillus species

Epidemiologic Cutoff Values (ECV)



ECV Comment Guidance: CLSI M57, 1st Ed.



Non-wild-type (NWT) – Results suggest RESISTANCE IS LIKELY (non-wild-type)… 

Another option:
“Results distinguish between wild-type (WT) strains (no resistance mechanism) and those 
with a resistance mechanism (non-wild-type, NWT). The results do not predict clinical 
outcome.”



Intrinsic Resistance and Site-Specific Drug Penetration



CLSI M100 29th Ed. Appendix B



CLSI Antifungal 
Subcommittee

Antifungal 
Reporting 

Working Group

Intrinsic 
Resistance 

Working Group

Body-Site 
Reporting 

Working Group



CLSI M60, 1st Ed: “Isolates of C. krusei are assumed to be intrinsically resistant to 
fluconazole, so their MICs should not be interpreted using this scale.”

CLSI recommendations to come for:

Antifungal Intrinsic Resistance

Organism Antifungal

Cryptococcus spp., 
Rhodotorula spp. and 
Trichosporon spp.

Echinocandins

Mucorales Fluconazole
Voriconazole





CLSI recommendations to come for:

• Polyenes

• Flucytosine (5-FC)

• Echinocandins
• CNS, eye, urine

• Azoles
• CNS, eye, urine

Site-Specific Drug Penetration

Felton et al. 2014. Clinical Microbiology Reviews, 
27(1): 68-88.

Fluconazole tissue and fluid 
concentrations



Site-Specific Drug Penetration

Felton et al. 2014. Clinical Microbiology Reviews, 27(1): 
68-88.

X- human data
O- animal data

0 to ≤0.5X plasma [ ]
>0.5X to ≤5X plasma [ ]
>5X plasma [ ]



• Report susceptibility result with comment

• Restrict reporting with/without comment

e.g. “<1% of active echinocandin drug is excreted into the urine and 
echinocandins are generally not recommended for treating candiduria.”

Body Site Reporting Options



Caspofungin* - susceptibility testing is highly variable for Candida spp. and 
false resistance has been reported.

Susceptibility Prediction

If Caspofungin tests: Report:

Susceptible Susceptible

Resistant 1) Use micafungin or 
anidulafungin to predict 
susceptibility.

2) Perform FKS sequencing.
3) Send to a referral 

laboratory for 
confirmation.

*As outlined in CLSI M60, 1st Ed.



• An option for reporting of caspofungin for Candida species could be via 
comment:

“The result of micafungin susceptibility predicts caspofungin
susceptibility.”

• Alternatively, the caspofungin result could be automatically compiled in 
the LIS based on the micafungin result.

Susceptibility Prediction



• Certain antifungal agents may not be appropriate for certain age groups (e.g. 
pediatric patients).

• Work with your stewardship and infectious disease colleagues to determine 
if commenting on susceptibility reports may be appropriate.

Age Related Antifungal Use

e.g. “Echinocandin use in neonates and infants (< 2 months of age) may not be appropriate.”

2016 IDSA Practice Guidelines, Clinical Infectious Diseases, Volume 
62, Issue 4, 15 February 2016, Pages e1–e50.



• Informs provider when not using your typical breakpoint 
standards

Use of Alternate Breakpoints

Antifungal Interpretation Participants No. %

Amphotericin B Susceptible 81 38.0

Resistant 1 0.5

No Interpretation 131 61.5

CAP F-C 2019, C. glabrata

“Interpretation of Amphotericin B based on EUCAST clinical 
breakpoints.”



Use of Alternate Breakpoints

TEST: Culture COLLECTED: 2020/01/01 13:01
SPECIMEN TYPE: Swab RECEIVED: 2020/01/01 15:30
SPECIMEN SOURCE: Ear, Right ACCESSION: EA-20-0012345

FINAL REPORT
Candida auris isolated

Candida auris
Interpretation

Amphotericin B S
Fluconazole S
Micafungin S

Tentative interpretive breakpoints for Candida auris defined by the Centers for Disease 
Control and Prevention: https://www.cdc.gov/fungal/candida-auris/c-auris-antifungal.html.



• Comments regarding empiric therapy may be useful:
• if using a rapid identification system
• if not routinely performing susceptibility testing

Empiric Therapy



Rapid Multiplex PCR 
Result

Reporting Comments

Candida albicans + “Preferred empiric therapy, pending 
antimicrobial susceptibility results, is fluconazole 
unless there is QTc prolongation or other clinical 
contraindication. If the patient is unstable, 
consider empiric caspofungin.”

Candida parapsilosis +
Candida tropicalis +

Candida glabrata + “Preferred empiric therapy, pending 
antimicrobial susceptibility results, is caspofungin
or an amphotericin preparation, unless clinically 
contraindicated.”

CID 2015, 61: 1071-1080



• Links to websites/literature

• Links to annual antibiograms

Additional options for conveying antifungal susceptibility 
information

YEAST
(ALL AGES, STERILE SITES)

Am
ph

ot
er

ic
in

 B
a

Fl
uc

on
az

ol
e

M
ic

af
un

gi
n

n

Candida albicans 95 100 100 100

Candida glabrata 55 98 96b 95

aUsing interpretive breakpoints from EUCAST.
bThis number represents % susceptible dose-dependent 
isolates.



Keep it simple
• DO NOT over comment!

Engage your stakeholders

Be mindful of the clinical impact of the comment

Keep your IT colleagues close

Review final reports

Comments: Tips and Tricks



Or else you may end up in this scenario…



Thank you! Questions?


