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Part 2

CLSI – VAST
Revision of Breakpoints



CLSI-VAST 

Breakpoints for Susceptibility Testing 

Bacteria from Animals:

• Since 1999, CLSI-VAST has developed breakpoints for 

approximately 280 drug-bug combinations, included in 

7th Edition of Vet01

• 12 new breakpoints were added in 7th Edition, including 

revision of fluoroquinolone breakpoints

• 8th Edition is in progress

With several new breakpoints (maybe 13)



Antimicrobial Guidelines and 
Consensus Statements



ISCAID Consensus Statement 
Guidelines (www.ISCAID.org)





Revision 

April 2025.



Why is it important to update and 
revise antimicrobial susceptibility 

testing breakpoints?







How Does CLSI Create Standards?



Guidelines for Setting Breakpoints in 

the Interpretive Categories

1. Pharmacokinetic/Pharmacodynamic data 

(PK-PD) 

2. MIC data from bacteria collected in the field 

(population distribution)

3. Clinical efficacy data at approved dose



Pharmacokinetic-Pharmacodynamic 

(PK-PD) Principles to Optimize Therapy

Pharmacokinetics (PK):

• Describes the disposition of drugs in the body.

Pharmacodynamics (PD):

• Describes the action of drug on the organism.





Veterinary-Specific Interpretation: 

Companion Animals
• Fluoroquinolones

➢ Enrofloxacin, Marbofloxacin, Orbifloxacin, Pradofloxacin (dogs & cats)

➢ Levofloxacin, Difloxacin (dogs only); Enrofloxacin (horses)

• Gentamicin (dogs, horses)

• Amikacin (dogs, horses, foals)

• Clindamycin (dogs)

• Cephalosporins 3rd generation: Cefpodoxime & Ceftazidime (dogs); Cefovecin (dogs & cats)

• Cephalosporins 1st Generation: Cefazolin (dogs, horses), Cephalexin (dogs)

• Chloramphenicol (dogs)

• Ampicillin/Amoxicillin (dogs, cats, horses)

• Amoxicillin-Clavulanate (dogs, cats)

• Piperacillin-tazobactam (dogs)

• Tetracyclines

➢ Doxycycline, Tetracycline (dogs, horses), Minocycline (dogs, horses)



Generic Drug Working Group:

• Develop breakpoints for older drugs that do not have 

veterinary sponsors

• Rely on PK-PD criteria, MIC distributions, and evidence of 

use in the published literature 

• Dosages and efficacy based on clinical consensus 

Veterinary Antimicrobial Susceptibility Testing (VAST )



CLSI-VAST (VET01, 2023) 

New breakpoints for susceptibility testing:

• Cephalosporins (1st gen): ≤ 8 µg/mL → ≤  2 µg/mL

• Changed Cephalothin to Cephalexin for testing

• Amoxicillin-Clav: ≤ 8 µg/mL→ ≤ 0.25 µg/mL 

• Ampicillin: ≤ 8 µg/mL → ≤ 0.25 µg/mL

• Gentamicin:  ≤ 4 µg/mL → ≤ 2 µg/mL

• Chloramphenicol: ≤ 8 µg/mL → ≤ 2 µg/mL

• Oxacillin (Resistant Staph pseudintermedius): ≥ 4 µg/mL → 

≥  0.5 µg/mL



CLSI-VAST (VET08, 2023) 

New breakpoints for susceptibility testing:

• Doxycycline: ≤  4 µg/mL → Dogs, Horses ≤  0.125 µg/mL

• Minocycline: ≤  4 µg/mL → Dogs ≤  0.5 µg/mL, 

Horses ≤  0.125 µg/mL

• Amikacin: ≤ 16 µg/mL → Dogs ≤ 4 µg/mL, 

Horses ≤ 4 µg/mL, Foals ≤ 2 µg/mL

• Enrofloxacin: ≤ 0.5 µg/mL → ≤ 0.06 µg/mL (+ SDD)

• Marbofloxacin: ≤ 1 µg/mL → ≤ 0.12 µg/mL (+SDD)



CLSI-VAST (VET01) 

Breakpoints for susceptibility testing:

• Piperacillin-Tazobactam (dogs): Dogs ≤ 8 µg/mL

• Ceftazidime (dogs): same as human breakpoint

 ≤ 4 µg/mL, E. coli   ; ≤ 8 µg/mL Pseudomonas aeruginosa

• Levofloxacin (dogs): same as human breakpoint

 ≤  0.5 µg/mL Enterobacteriaceae; ≤  1 µg/mL Pseud. aeruginosa

• Meropenem (dogs):  same as human breakpoint

 ≤  1 µg/mL Enterobacteriaceae; ≤  2 µg/mL Pseud. aeruginosa

 Not yet approved.

Human-label 

antibiotics



Some Examples



CLSI – VAST
Revision of Fluoroquinolone Breakpoints

for Dogs



CLSI - VAST

Introduction of a new SDD* category 
for susceptibility testing.

* Susceptible Dose-Dependent



PK-PD for 

Fluoroquinolones
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f AUC/MIC ≥ 72
Used for this analysis by 

prior consensus from VAST.



Ciprofloxacin

Enrofloxacin

Removed to form 
ciprofloxacin

Ciprofloxacin: 

• Less lipophilic

• More active against 
gram-negative bacteria

• Lower oral absorption



Monte Carlo Simulations

AUC/MIC = 

 AUCEnrofloxacin = fu x Enrofloxacin AUC

                         

     +

 AUCCiprofloxacin  = fu x Ciprofloxacin AUC

Correction

for protein 

binding

Addition of 

Ciprofloxacin 

to total AUC



Determination of AUC / MIC

          CL • AUC/MIC • MIC
Dose =                                                  

                           fu • F • 24 hr

                   fu • F  • 24 hr • Dose
AUC/MIC  =                                                  

                                       CL •  MIC





Monte Carlo Simulations

• f AUC24 / MIC calculated 

• Crystal Ball software (Oracle) 

• 10,000 random trials simulated

• Input

 MIC: 0.03 → 8 µg/mL

 Four oral doses:  5-, 7.5-, 10-, and 20 mg/kg

 Dose interval: 24 hours

 CL/F (mean & variance)

 Protein binding (for both enrofloxacin and ciprofloxacin)



Label Indications and Dose



Approved Label for Dogs

• For management of diseases associated with bacteria 

susceptible to enrofloxacin.

• 5 to 20 milligrams per kilogram (2.27 to 9.07 milligrams 

per pound) of body weight.



Results





Probability of Target Attainment (PTA) for Enrofloxacin Administered to Dogs



Breakpoint
5 mg/kg Breakpoint 

10 mg/kg

Breakpoint 
20 mg/kg

≥ 8



Breakpoint
5 mg/kg
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10 mg/kg

Breakpoint 
20 mg/kg

≥ 8



Monte Carlo Simulations



S Breakpoint
2.75 mg/kg

SDD Breakpoint 
5.5 mg/kg

≥ 8
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Body

Site

Antimicrobial 

Agent

Antimicrobial 

Agent Class

Interpretive Categories and MIC 

Breakpoints, µg/mL

S I SDD R

Dogs (Continued)

Resp, 

SST, U

Enrofloxacin 

(OLD)

Fluoroquinolones ≤ 0.5 1–2 ≥ 4

Resp, 

SST, U 

Enrofloxacin 

(NEW)

Fluoroquinolones ≤ 0.06 0.12–0.25 ≥ 0.5

SST Levofloxacin Fluoroquinolones ≤ 0.5 1 ≥ 2

SST, Ur Marbofloxacin 

(OLD)

Fluoroquinolones ≤ 1 2 ≥ 4

SST, Ur Marbofloxacin 

(NEW)

Fluoroquinolones ≤ 0.12 0.25 ≥ 0.5

SST, Ur Orbifloxacin Fluoroquinolones ≤ 1 2–4 ≥ 8

Skin, Ur Pradofloxacin Fluoroquinolones ≤ 0.25 0.5–1 ≥ 2

Marbofloxacin and Enrofloxacin Breakpoint

“S” = 5 mg/kg/day

“SDD” = 10-20 mg/kg, once daily



Body

Site

Antimicrobial 

Agent

Antimicrobial 

Agent Class

Interpretive Categories and MIC 

Breakpoints, µg/mL

S I SDD R

Dogs (Continued)

Resp, 

SST, U

Enrofloxacin 

(OLD)

Fluoroquinolones ≤ 0.5 1–2 ≥ 4

Resp, 

SST, U 

Enrofloxacin 

(NEW)

Fluoroquinolones ≤ 0.06 0.12–0.25 ≥ 0.5

SST Levofloxacin Fluoroquinolones ≤ 0.5 1 ≥ 2

SST, Ur Marbofloxacin 

(OLD)

Fluoroquinolones ≤ 1 2 ≥ 4

SST, Ur Marbofloxacin 

(NEW)

Fluoroquinolones ≤ 0.12 0.25 ≥ 0.5

SST, Ur Orbifloxacin Fluoroquinolones ≤ 1 2–4 ≥ 8

Skin, Ur Pradofloxacin Fluoroquinolones ≤ 0.25 0.5–1 ≥ 2

Marbofloxacin and Enrofloxacin Breakpoint

“S” = 2.75 mg/kg/day

“SDD” = 5.5 mg/kg, once daily



CLSI – VAST
Revision of Chloramphenicol 

Breakpoint



Revision of Chloramphenicol 

Breakpoint for Dogs

• Dose:
Approved dose:  55.5 mg/kg (25 mg/pound), q6h, PO. 

Off-label (consensus in publications):  50 mg/kg q8h, PO. 

• Indications:  
Approved label:  Treatment of “bacterial pulmonary 

infections, bacterial infections of the urinary tract, 
bacterial enteritis, and bacterial infections associated with 
canine distemper caused by susceptible organisms”.

Off-Label:  Skin, soft tissue infections.  
(primarily staphylococci).



Current Breakpoint (M100) Table 2A, 2C, 2D, 2H 

(Enterobacterales, Staphylococcus spp. Enterococcus spp. 

Pasteurella multocida)

Antimicrobial 

Agent Organism

Disk 

Cont

ent

Interpretive Categories 

and Zone Diameter 

Breakpoints, 

nearest whole mm

Interpretive 

Categories and 

MIC 

Breakpoints, 

µg/mL

CommentsS I R S I R

Humans (Continued)

Chloramphenicol Enterobacterales 30 

µg

≥ 18 13–17 ≤ 12 ≤ 8 16 ≥ 32 (19) MIC distribution data 

from canine isolates support 

these breakpoints for use in 

canine skin and soft tissue 

infection; however, efficacy 

data and PK/PD targets 

were unavailable.f

(21) Not routinely reported 

on isolates from the urinary 

tract.e

Most Labs still use the human breakpoint.





Proposed Breakpoint: Table 2A, 2C, 2D, 2E, 2H 

(Enterobacterales, Staphylococcus spp., Enterococcus spp. 

Pasteurella multocida, Streptococcus spp.)

Antimicrobial 

Agent Organism

Interpretive Categories 

and Zone Diameter 

Breakpoints, 

nearest whole mm

Interpretive 

Categories and 

MIC Breakpoints, 

µg/mL

CommentsS I R S I R

Dogs

Chloramphenicol Enterobacterales

Staphylococcus 

spp., 

Enterococcus 

spp., Pasteurella 

multocida, 

Streptococcus 

spp.

≥ 18 13–17 ≤ 12 ≤ 2 4 ≥ 8 Breakpoints determined 

from PK-PD analysis and a 

dose of 50 mg/kg, 

administered oral to dogs 

three times daily.



EUCAST Distributions for Chloramphenicol: Staphylococcus aureus



EUCAST Distributions for Chloramphenicol: Escherichia coli



What’s the risk of not meeting PK-PD targets?
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Antibiotic Exposure

The “inverted U” concept 

of antibacterial resistance
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Antibiotic Exposure

Low number of resistant 

organisms at baseline.

Resistance suppressed 

at high exposure.



Thank you for your attention.

Any questions?
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Mark G. Papich
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