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Some of the confusion relating to interpretation of antimicrobial susceptibility testing arises from 
misunderstanding of the context within which susceptibility testing results must be interpreted. This 
presentation attempts to clarify the uses and limitations of susceptibility testing by describing how 
breakpoints are derived, to what they apply, and the SWAGS (or maybe WAGS) that are in place 
when we apply these breakpoints across applications for which they were not intended. 

There are two primary methods for bacterial susceptibility profile determination that 
veterinary diagnostic laboratories use today: micro well dilution and zone diffusion. 

1. Microwell dilution method: 

This system uses a plate with wells that contain different concentrations of the selected antimicrobials 
(or a series of tubes). Ideally we would have a well for each antimicrobial at 1:2 dilution intervals to 
accurately evaluate the minimal inhibitory concentration (MIC) of the compound for each pathogen. 

First, what is the difference between an MIC (Minimum Inhibitory Concentration), an MBC 
(Minimum Bactericidal Concentration) and a breakpoint? 

An MIC is the concentration required to inhibit growth of a specific isolate in vitro under 
standardized conditions. It is determined by finding the lowest dilution without visible 
growth. This will vary for individual isolates. 

An MBC is the lowest dilution where the culture has been completely sterilized. It is not 
routinely determined. Treatment decisions are made related to MICs, and more specifically, 
the breakpoint MICs. 

A breakpoint is a specific MIC selected to predict clinical outcome for a specific pathogen, 
in a specific disease, in a specific species, given a specific regimen (dose, route, duration, 
frequency). A breakpoint is selected for susceptible, intermediate susceptibility, and 
resistant. Some drug/pathogen combinations only have a susceptible and resistant breakpoint. 
The breakpoints are selected by a group of people with expertise in clinical microbiology and 
clinical pharmacology based on pharmacokinetic and pharmacodynamic data, pathogen 
population MIC distribution, and clinical trial results. 

The Clinical Laboratory Standards Institute (CLSI), formerly the National Committee for Clinical 
Laboratory Standards (NCCLS), Veterinary Antimicrobial Susceptibility Testing (VAST) 
Subcommittee has approved the following veterinary specific breakpoints. The CLSIN AST 
Subcommittee periodically updates guidance publications for veterinary susceptibility testing. These 
documents are produced through a consensus process. 

Table 1 contains CLSIIV AST approved breakpoints for label applications in food animals. 
These interpretive criteria apply only when CLSI approved susceptibility testing methods were used. 
When these interpretive criteria are applied to other than the label applications, the same caveats in 
susceptibility interpretation apply as described for antimicrobials without food animal labeled 
applications in the next table. 
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T~ble 1: CLSIN AST approved breakpoints for label applications in food animals. 

Zone Diameter (mm) Concentrations (mg/ml) 

Antimicrobial DiseaselPathogen(s) "Sft "I" "R" "S" "I" "R" Extended 
dilutions 

Bovine respiratory disease 

Ceftiofur 
- Mannheimia haemolytica, 
Pasteurella multocida, :;::21 18-20 ~17 ~2 4 :;::8 0.5-8 

(injectable) Histophilus somni 

Swine respiratory disease -
Actinobacillus 

Ceftiofur pleuropneumoniae, 
18-20 0.5-8 (injectable) Pasteurella multocida, :;::21 ~17 ~2 4 :;::8 

Salmonella choleraesuis, 
Streptococcus suis 

Bovine mastitis -
Staphylococcus aureus, 
Streptococcus agalactiae, 

Ceftiofur Streptococcus dysgalactiae, :;::21 18-20 ~17 ~2 4 :;::8 0.5-8 (intramammary ) Streptococcus uberis, 
Eschericihia coli 

Bovine respiratory disease 
- Mannheimia ha~molytica, 

0.5-
Enrofloxacin Pasteurella multocida, :;::21 17-20 ~16 ~0.25 :;::2 0.12-2 

Histophilus somni 1 

Bovine respiratory disease 
- Mannheimia haemolytica, 

Florfenicol Pasteurella multocida, :;::19 15-18 ~14 ~2 4 :;::8 0.25-8 
Histophilus somni 

Swine respiratory disease 
- Actinobacillus 

Florfenicol pleuropneumoniae, :;::19 15-18 
Pasteurella multocida, 

~14 ~2 4 :;::8 0.25-8 

Streptococcus suis Type 2. 
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Table 1 (continued): CLSIIV AST approved breakpoints for label applications in food animals. 

Zone Diameter Concentrations (mg/ml) 
(mm) 

Antimicrobial DiseaselPathogen( s) 
"S" "I" "R" "s" "I" "R" Extended 

dilutions 

Swine respiratory 
Florfenicol disease - Salmonella --- --- --- :S4 8 2:16 0.25-8 

cholerasuis 

Bovine mastitis -
Staphylococcus 
aureus, 

Penicillin! Streptococcus 2:18 15- :S14 :S1I2 2/4 2:4/8 
Novobiocin agalactiae, 17 

---

Streptococcus 
dysgalactiae, 
Streptococcus uberis 
Bovine mastitis -
Staphylococcus 
aureus, 

Pirlimycin 
Streptococcus 2:13 --- :S12 :S2 -- 2:4 ---
agalactiae, 
Streptococcus 
dysgalactiae, 
Streptococcus uberis 
Bovine respiratory 
disease - -

Spectinomycin 
Mannheimia 11-
haemolytica, 2:14 :S1O :S32 64 2:128 8-64 

sulfate 
Pasteurella 

13 

multocida, 
Histophilus somni 
Swine respiratory 

Tiamulin 
disease - 2:9 :S8 :S16 2:32 4-32 
Actinobacillus 

--- --
pleuropneumoniae 
Bovine respiratory 

Tilmicosin 
disease - 2:14 11- :S10 :S8 16 2:32 4-32 
Mannheimia 13 
haemolytica 
Swine respiratory 
disease -

Tilmicosin 
Pasteurella 2:11 :S10 :S16 2:32 4-32 
multocida, ---
Actinobacillus 
pleuropneumoniae 

Status as a CLSIN AST approved veterinary breakpoint means that the breakpoint has been evaluated 
in light of the data mentioned above and designed to give a reasonable projection of clinical outcome. 
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Remember, that an approved breakpoint is specific for the following factors: animal species, disease, 
pathogen, drug, and regimen (dose, route, duration, frequency). 

When any of these factors are changed, the approved breakpoint may no longer be valid for placing 
the above combination of factors in a population of animalldisease/pathogenldrug where clinical 
success is likely or unlikely. For example, none of the breakpoints are approved for predicting 
clinical efficacy of therapy of enteric diseases. 

For some antimicrobials used in veterinary medicine, the CLSIN AST Subcommittee has found it 
necessary to use human-derived breakpoints since no sponsor has brought the information to the 
subcommittee to develop approved breakpoints. The V AST Subcommittee is working on developing 
"generic" breakpoints for veterinary labels without approved breakpoints and for extralabel uses. The 
following antimicrobials have human-derived breakpoint criteria adapted by the NCCLSN AST 
Subcommittee. 

Table 2 contains CLSIIV AST approved interpretive criteria for antimicrobials used in food 
animals without sponsor-provided data for development of interpretive criteria related to label 
applications. These breakpoints have been adapted by the CLSI for veterinary use from human 
breakpoints approved by the CLSI, or in one instance, have been approved for application in another 
veterinary species (clindamycin). A test result of "susceptible" (when conducted by CLSI approved 
methods) is best interpreted as indicating a probable absence of genetic resistance mechanisms. 
However, this does not necessarily indicate that the tested isolate will be adequately treated in the 
combination of disease, pathogen, animal species, and antimicrobial regimen being addressed. 

Table 2: CLSIIV AST approved interpretive criteria for antimicrobials used in food animals 
without sponsor-provided data for development of interpretive criteria related to label 
applications. 

Zone Diameter 
Concentrations (mg/ml) 

(mm) 
Antimicrobial Disease/Pathogen(s) 

"S" "I" "R" "s" "I" "R" Extended 
dilutions 

Derived from human 14-Ampicillinl CLSI breakpoint :;::17 16 ::::13 08 16 032 0.25-16 

Derived from human 
CLSI breakpoint 

15-
Chlortetracycline (tetracycline :;::19 ::::14 04 8 016 0.5-8 

breakpoints used) 18 

Canine (skin & soft 
Clindamycin2 (used tissue infections) 

15-
for lincomycin Staphylococcus :;::21 ::::14 00.5 1-2 04 0.25-2 
testing) species 20 

Derived from human 14-
Erythromycin3 CLSI breakpoint :;::23 22 ::::13 00.5 1-4 08 0.25-4 

Derived from human 13-
Gentamicin CLSI breakpoint :;::15 14 ::::12 04 8 016 1-8 
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Table 2 (continued): CLSIN AST approved interpretive criteria for antimicrobials used in food 
animals without sponsor-provided data for development of interpretive criteria related to label 
applications. 

DiseaselPathogen Zone 
Antimicrobial Diameter Concentrations (mg/ml) 

(s) 
(mm 

Derived from 
11 

human CLSI :::::1 :::;1 
Oxacillin 

breakpoint - 3 - 0 
r!2 -- IJ4 --

Staphylococci 
12 

Derived from 
human CLSI 

:::::1 
15 

:::;1 
Oxytetracycline breakpoint 

9 -
4 

[14 8 r i 16 0.25-8 
(tetracycline 18 
breakpoints used) 
Derived from 
human CLSI :::::2 

20 
:::;1 0.25 

Penicillin4 
breakpoint 8 

-
9 

lIII::: 
-2 

D:::J 0.12-8 
27 

Derived from 
human CLSI :::::1 

13 
:::;1 [ Ilj 1 ~ ---

Sulfathiazole 
_-' UI 

32-256 breakpoint 7 - 2 
--

16 
lIlJ 0 

Derived from 
human CLSI :::::1 

15 
:::;1 

TetracyclineS 1I.~. 8 
- -

breakpoint 9 
-

4 
_ILl --

18 

Derived from 
human CLSI 

Trimethopriml breakpoint -
:::::1 

11 
:::;1 :::;i_ [-I I-J 0.5/9.5-

Sulfamethoxazol Organisms other 
6 

-
0 

--
2/38 

e6 than 15 
[J I~! 

Streptococcus 
pneumoniae 

1 Ampicillin breakpoints reported for Enterobacteriaceae and Enterococci, other breakpoints are 
specified for Staphylococci, Streptococci, and Listeria monocytogenes. 
2Prom CLSI M31-A2: "Clindamycin is also used to test for susceptibility to lincomycin. 
Clindamycin tends to be more active than lincomycin against some staphylococcal strains." 
3Erythromycin breakpoints for organisms other than streptococci are reported, Streptococci 
breakpoints are ~0.25, 0.5, and ;:::1. 
4Penicillin breakpoints reported for Streptococci, other breakpoints are specified for Staphylococci, 
Enterococci, Listeria monocytogenes, and S. Pneumoniae. 
5Tetracycline may be used as an indicator for oxytetracycline, chlortetracycline, and doxycycline by 
some labs. A commonly used extended-dilution, microwell dilution plate tests oxytetracycline and 
chlortetracycline directly, leaving tetracycline out. Breakpoints of2, 4, and 8 Ilg/ml may be used for 
Streptococci. 
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~ese breakpoints are for systemic infections. Urinary tract infections and Streptococcus 
p'neumoniae infections have different breakpoints. This drug is used to test for susceptibility of other 
potentiated sulfas, such as trimethoprimlsulfadiazine, although pharmacokinetics of the sulfa fraction 
may vary widely. 

For these antimicrobials, and for extralabel use of antimicrobials with approved veterinary 
breakpoints, it is necessary to evaluate the susceptibility testing results in light of the MIC breakpoint 
used and the pharmacokinetics/pharmacodynamics of the animal and pathogen(s) being treated. 

There are also some antimicrobials for which the CLSIIV AST subcommittee has not approved either 
veterinary-specific or human-adapted breakpoints. 

Table 3: Interpretive criteria used in some laboratories which are not CLSI approved for 
veterinary use. 

Concentrations (Ilg/ml) 

"s" "I" "R" Extende 
DiseaselPathogen( s) d 

dilutions 
Antimicrobial 

Neomycin Not CLSI approved <8 -- ~16 4-32 
Sulfachlorpyridazine Not CLSI approved ~256 -- ~512 32-256 
Sulfadimethoxine Not CLSI approved ~256 -- ~512 32-256 
Tylosin Not CLSI ap2roved 5 10 20 

Microwell dilution testing example: 

Figure 1 below illustrates serial 1:2 dilutions of an antimicrobial being tested against a bacterial 
isolate. The isolate was first cultured by streaking a swab from the tissue sample on an agar plate. 
Then, 3-5 colonies of the isolate were collected with a loop and inoculated in a broth culture. The 
next day, the culture must be within a standardized turbidity range prior to inoculating a standard 
volume into each well of the plate (or in each tube). It is important to realize that the amount of 
bacteria per well is the same across all drug concentrations. Only the drug concentration changes. 
The numbers below indicate the concentration of antimicrobial in each tube (Ilg/ml). The greater the 
number, the higher the concentration of drug in the well or tube. As the MIC and MBC values 
(defined below) move to the right, this means that a greater concentration of the drug is necessary to 
inhibit (MIC) or sterilize the culture (MBC). The higher the concentration required for the MIC, the 
less susceptible the isolate is to the antimicrobial being tested (it takes more drug to inhibit .growth). 

10 



Figure 1: 

Serial Dilution Susceptibility Testing 

Growth 

0.25 0.5 1.0 

Inoculation from MIC 
cultures into 
antimicrobial-free media 

No 
MIC Growth 

1~ 
bJ bJ bJ bJ 

2.0 

1 

~ 

4.0 8.0 

1 1 1 
~ bJ bJ 

1 
MBC 

The dilution of 2 )lg/ml is the lowest concentration that inhibited visible growth for the 24 hour 
testing period. Therefore, it is reported as the MIC for this organism. The culture is not sterilized at 
the MIC. In this example, the lowest concentration that sterilized the culture was 8.0. This is called 
the minimum bactericidal concentration (MBC). 

Cost often prohibits this full-range testing technique for routine use, although more diagnostic 
laboratories are using an extended-range microwell plate. In many labs testing focuses on 
"breakpoints" that are selected based on reported serum/plasma pharmacokinetic properties, 
pharmacodynamic characteristics of the drug, clinical data, and microbiological data for 
antimicrobials in the species of interest. For example, the CLSIN AST approved breakpoints for 
bovine respiratory disease are 2, 4, and 8 )lg/ml. Breakpoint testing would only test against the 2 and 
4 )lg/ml concentrations. 

• A pathogen growing in neither of the wells would be considered susceptible 
• A pathogen growing only in the 2 )lg/ml well would be considered intermediately 

susceptible 
• A pathogen growing in both wells would be considered resistant 

2. Kirby-Bauer ("disk diffusion"): 

A paper disk containing the antimicrobial is placed on an agar plate that has been inoculated with the 
pathogen. The plate is incubated and the zones of inhibition (absence of any visible bacterial growth) 
are measured surrounding the disks. The diameter of the zone is correlated back to serial-dilution 
concentrations used to set "susceptible", "intermediate susceptibility", and "resistant" classifications 
for pathogens. This technique is obviously heavily dependent on quality control. Depth and contents 
of the agar, inoculum concentration, growth conditions, and antimicrobial contents of the disks must 
be closely controlled. 
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Breakpoints approved by the CLSIIV AST Subcommittee have both serial dilution interpretive 
breakpoints and disk diffusion interpretive zone diameters that are correlated back to the serial 
dilution breakpoints. Below is an example of the interpretive criteria for clindamycin for canine skin 
and soft tissue infections due to Staphylococcus species. 

Zone Diameter (mmj MIC Breakpoint (~g/ml) 
I Disc Content S J I R S I I R 

I 2 ~g >21 I 15-20 <14 <0.5 I 1-2 >4 

The disk diffusion zones are correlated to serial dilution MICs based on a process called "error rate 
bounding" where the MIC distribution of the bacterial popUlation of interest is plotted and used to 
correlate diffusion zone sizes to dilution MICs to minimize different types of errors. When the disk 
diffusion method is used for extralabel applications, not only are the dilution MICs suspect as to 
clinical application, but there is also the question of if the zone diameter criteria still correlate to the 
MICs. The take-home message is to know what susceptibility testing situations have veterinary 
approved breakpoints. For unapproved breakpoints, "susceptible" is better than "resistant", as this 
places the "s" pathogen in a defined population of zone diameters or MICs, but the "s" result does 
not necessarily mean that there is an increased chance for clinical success. 

So, can I extrapolate an MIC value from a disk diffusion susceptibility result? 

The relationship of disk diffusion zone diameters (Kirby-Bauer) to minimal inhibitory concentrations 
(MICs) determined by serial dilution may be quite variable depending on how the relationship was 
determined. 

To set interpretive criteria, the Clinical Laboratory Standards Institute Veterinary Antimicrobial 
Susceptibility Testing Subcommittee (CLSIIV AST) first establishes breakpoints based on serial 
dilution testing. To then establish zone diameter breakpoints, data on serial dilution MICs and disk 
diffusion zone diameters conducted on the same set of isolates are considered (300-500 isolates are 
required). Through a process called error rate bounding, the zone diameter breakpoints are then 
adjusted to avoid several types of errors, including very major errors (serial dilution indicates resistant 
but disk diffusion indicates susceptible) and major errors (serial dilution indicates susceptible but disk 
diffusion indicates resistant). Therefore, the relationship between serial dilution MICs and zone 
diameter breakpoints is determined based on a pathogen or group of pathogens for which these data 
are generated. 

As illustrated in the tilmicosin example below (Table 4), a regression line could be drawn through 
the "cloud" ofMIC:zone diameter relationships for the tested isolates but the relationships for 
individual isolates vary. The error-rate bounding method serves to minimize errors in placing a zone 
diameter in an interpretive category, rather than specifically relating a zone diameter to an MIC. 

When the relationship determined below for Mannheimia haemolytica and Pasteurella multocida 
isolates is applied to another pathogen, such as Escherichia coli, there are now two sources of 
potential error in interpretation. First, the MIC breakpoints are no longer correlated to clinical 
response through clinical trial data for the regimenlpathogenldisease/animal species combination. 
Secondly, the relationship between MIC and zone diameter for Escherichia coli may be very different 
from the relationship determined for the original pathogens. 

The CLSI has addressed this issue in the M31-A2 document. The "Table 2" referred to in the quote is 
the table in M31-A2 listing approved MIC and zone diameter breakpoints. 
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"3.1 Equivalent MIC Breakpoints 

Disk diffusion zone diameters correlate inversely with MICs from standard dilution tests, 
usually broth microdilution. Table 2 lists the zone diameters and MIC breakpoints used for 
the interpretive guidelines. Zone diameters and MIC breakpoints are correlated based upon 
zone-diameter versus MIC regression, population distributions, pharmacokinetics, and 
clinical efficacy studies. However, the zone diameters may not correspond precisely to the 
listed MIC breakpoints due to differences in the methodologies and the original databases. 
Thus, the information provided in Table 2 cannot be used to convert zone diameters to 
absolute MIC values." 

The tables referred to in the rest of this discussion are Tables 1-3 above in the discussion under the 
question "For which antimicrobials used in food animals are there CLSIN AST approved 
susceptibility testing methods and interpretive criteria?" 

For the drugs listed in the Table 1, the serial dilution to zone diameter relationship for the label 
pathogens has been established. As discussed in the M21-A2 excerpt above, comparing zone 
diameters to MIC values is inexact. However, if a practitioner is looking for some type of guidance 
and only has a Kirby-Bauer zone diameter result, then considering a "s" Kirby-Bauer result as having 
an MIC less than or equal to the corresponding breakpoint for labeled pathogens may give some 
guidance. Likewise, an "R" for Kirby-Bauer testing would suggest an MIC equal to or higher than 
the resistant MIC breakpoint. 

It is important to realize that when the Kirby-Bauer results for a non-label pathogen are evaluated 
(e.g, testing ceftiofur against Escherichia coli or an enteric Salmonella spp.), the relationship between 
zone diameter and serial dilution results has not been determined. The relationship may be very close 
to that of the label pathogens, or it may be quite different. 
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Table 4. Scattergram of MIC and corresponding zone diameters from 380 isolates of Mannheimia haemolytica and Pasteurella multocida. 
tested against tilmicosin. 

Zone Diameter (mm) 
MIC 

(Uglml) § 1 .8. 2. 10 11 12 II 14 li 16 17 ll. 19 20 21 22 23 24 25 26 27 28 29 30 n Total 
>64 2 2 

R 64 1 
32 1 1 1 

I 16 1 2 2 4 1 2 1 1 1 
8 1 1 2 10 8 14 10 2 5 3 1 . 1 1 1 
4 1 4 16 37 32 11 10 6 3 2 1 1 

S 2 1 5 31 67 26 10 6 2 1 1 1 1 1 1 
1 1 1 1 1 1 

:::;0.5 1 1 2 1 1 1 1 
Total 2 3 1 1 2 2 1 4 17 33 83 111 46 27 16 6 7 3 5 2 2 2 1 1 1 1 

Resistant Intermediate Susceptible 

Shryock TR, White DW, Staples JM, Werner CS (1996), Minimum inhibitory concentration breakpoints and disk diffusion inhibitory zone 
interpretive criteria for tilmicosin susceptibility testing against Pasteurella spp. associated with bovine respiratory disease, Journal of Veterinary 
Diagnostic Investigation 8: 337-344. 

4 
1 
3 
15 
60 
130 
154 
5 
8 

380 



PATHOGEN POPULATION DESCRIPTIONS: 

When a population of isolates is tested, you may see the data reported as an MIC50, where inhibition 
of growth of 50% ofthe isolates has occurred, and an MIC90, where inhibition of growth of 90% of 
the isolates has occurred. 

The data below show the difference in the MIC50 and MIC90 for chlortetracycline and 
oxytetracycline tested against the same 96 isolates of Mannheimia haemolytica. The testing was done 
using the Sensititre® extended-range microwell dilution plate. Each isolate was inoculated into wells 
containing 0.5, 1, 2, 4, 8, and 16 flg/ml. The reported MIC for an isolate was the first dilution that 
inhibited visible growth during the 24 hour testing period. The 16 flg/ml well was not actually tested, 
but would have been the next dilution tested. Organisms not inhibited by 8 flg/ml were reported at ~ 
16 flg/ml as that would have been the next dilution tested. This is a common way to report organisms 
that were not inhibited by the highest dilution tested. 

Number of isolates of Mannheimia haemolytica inhibited at each concentration in-vitro. Iowa 
State University Diagnostic Laboratory Data, 2002, N = 96. 

0.5 
l Chlortetracycline 36 
I Cumulative % 38% 

0.5 
I Oxytetracycline 42 
I Cumulative % 44% 

CTC: MIC50 is 1, MIC90 is 2 
OTC: MIC50 is 4, MIC 90 is ~16. 

Monophasic and biphasic populations 

1 
20 

58% 

1 
3 

47% 

2 4 8 16 
30 5 3 2 

90% 95% 98% 100% 

2 4 8 16 
2 2 17 30 

49% 51% 69% 100% 

A monophasic population is one where the population of bacteria is described by one contiguous 
group, with the majority of isolates included in that group. A biphasic population has two distinct 
groups related to MIC status. In Figure 2 below, The MIC data for OTC and CTC described above 
has been graphed. Note that there is one contiguous group for CTC (a monophasic population) and 
two distinct groupings for OTC with few isolates between the groups (a biphasic population). 
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Figure 2 , 
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Quotations and adaptations from tables for these notes are reproduced with permission from CLSI 
publication M31-A2 - Performance Standards for Antimicrobial Disk and Dilution Susceptibility 
Tests for Bacteria Isolated form Animals; Approved Standard - Second Edition (ISBN 1-56238-461-
9). Copies of the current edition may be obtained from CLSI, 940 West Valley Road, Suite 1400, 
Wayne, Pennsylvania 19087-1898, USA. The CLSI office may be reached at 610-688-0100, (fax) 
610-699-0700, or on the web at Exoffice@clsi.org. In this paper, quotations from M31-A2 are 
presented in boxes or in table format. 

Susceptible, Intermediate, and Resistant? Some definitions from M31-A2 

2.8.2 Susceptible 

This category implies that there is a high likelihood of a favorable clinical outcome when the drug is 
administered at label dosage, because of adequate pharmacodynamic parameters relative to the MIC 
of the causative organism. 
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2.8.3 Intermediate 
This category provides a "buffer zone". This buffer zone should prevent small, uncontrolled technical 
factors from causing discrepancies in interpretations (e.g., a resistant organism being categorized as 
susceptible [termed a very major error], or a susceptible organism being categorized as resistant 
[termed a major error], especially for drugs with narrow pharmacotoxicity margins. 
This category includes strains with MICs that approach or can exceed usually attainable blood or 
tissue levels (but do not have flexible labeling); and for which response rates can be lower than for 
strains in the "susceptible" category. These strains can be inhibited by attainable concentrations of 
certain antimicrobial agents: 

• In body sites, such as the urinary tracts, where drugs are physiologically concentrated (e.g., 
quinolones, p-Iactams); and 

• Provided the drug has a wide pharmacotoxicity margin and is administered at maximal dosage 
(e.g., B-Iactams). 

If the organism is not susceptible to alternative clinically feasible drugs, if the site of infection is not 
one where the drug is concentrated, or if the high dose cannot be used, the test should be repeated. 

2.8.5 Resistant 

This category implies that there will not be a favorable outcome, because the achievable systemic 
concentrations of the agent will be lower than the MIC of the causative organism with normal dosage 
schedules and/or fall in the range or where specific microbial resistance mechanisms are likely (e.g., 
B-Iactamases), and clinical efficacy has not been reliable in treatment studies. 

Can CLSI approved breakpoints be used to predict clinical efficacy against pathogens which 
are not on the label and which were not considered when the breakpoint was approved? 

The breakpoints developed for one application are commonly applied to all applications in veterinary 
medicine. This is because the diagnostic laboratory has either a standard set of disks for disk 
diffusion testing or a standard microwell dilution tray for serial dilution testing. Zone diameter or 
microwell MIC results are reported in relation to the interpretive criteria for each antimicrobial, which 
are often the only criteria available for veterinary medicine. 

Is this a valid practice? Let's look at an example. An Escherichia coli is isolated from the intestinal 
tract of a 4 week old nursery pig that died from enteric disease. The isolate is tested for antimicrobial 
susceptibility using a standard microwell dilution plate. The well containing florfenicol at 4 fJ,g/ml 
(the lowest dilution tested is 2 in this example) inhibits the growth of the isolate. The lab reports this 
as a "susceptible" result based on the interpretive criteria for swine respiratory disease for Salmonella 
cholerasuis (susceptible breakpoint of 4 fJ,g/ml). Would using florfenicol at the label regimen for 
respiratory disease be effective in the enteric disease outbreak? 

The answer is "maybe". Clinical, pharmacokinetic and pharmacodynamic data were considered for 
Salmonella cholerasuis in setting the breakpoint. The pathogen MIC distribution for florfenicol 
against S. cholerasuis and E. coli mayor may not be similar. The pharmacokineticlpharmacodynamic 
relationship in the lungs mayor may not be similar to the pharmacokinetic/pharmacodynamic 
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relationship in the gut wall or gut lumen. All we can say is that the E. coli MIC in this example is the 
sam'e as the MIC of a pathogen in another disease where the labeled regimen has been shown to be 
effective. Would the label regimen work against the E. coli then? Our chances are certainly better 
than ifthe E. coli isolate had a higher MIC, but the correlation ofMIC and clinical outcome has not 
been determined. 

Breakpoints often incorporate a break in the bacterial population between a group with lower MICs 
and a group with higher MICs. It may be assumed that the group with the higher MICs possesses 
resistance genes that would make therapeutic success more difficult. The chance we take in applying 
CLSI breakpoints to non-approved applications is that the population distributions for non-labeled 
pathogens may be drastically different. 

18 


