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Supplementary material 

Table S1. Sources of clinical breakpoints cited in various studies 

 Ceccarelli  et 
al. (2015) 

Bier et al. (2015) Baron et al. 
(2016) 

 Baron et al. 
(2017) 

Lepuschitz et al. 
(2019) 

Amoxicillin/ 
Clavulanic acid 

CLSI (2010a) CLSI (2010a) CLSI (2010a) CLSI (2015a)  CLSI (2015a)  

Amikacin CLSI (2010a)  CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Ampicillin CLSI (2010a)  CLSI (2010a) CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Cefepime  CLSI (2010a)      
Cefotaxime CLSI (2010a)  CLSI (2010a) CLSI (2010a) CLSI (2015a) CLSI (2015a) 
Ceftazidime  CLSI (2010a)  CLSI (2010a)    
Chloramphenicol CLSI (2010a)   CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Ciprofloxacin CLSI (2010a)  CLSI (2010a) CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Erythromycin    CLSI (2016)   
Florfenicol      
Gentamicin  CLSI (2015b) CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Imipenem CLSI (2010a) CLSI (2015b) CLSI (2010a) CLSI (2015a)  CLSI (2015a)  
Meropenem  CLSI (2015b)    
Nalidixic acid CLSI (2010b) CLSI (2015b) CLSI (2016) CLSI (2016) CLSI (2018)  
Norfloxacin   CLSI (2016) CLSI (2016)  CLSI (2018)  
Streptomycin CLSI (2010b)   CLSI (2016) CLSI (2018) 
Tetracycline CLSI (2010a) CLSI (2010a) CLSI (2010a) CLSI (2015a)  CLSI (2015a) 
Trimethoprim  CLSI (2015b)   CLSI (2018) 
Trimethoprim-
sulfamethoxazole 

CLSI (2010a) CLSI (2010a) CLSI (2010a) CLSI (2015a)  CLSI (2015a) 
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Table S2. Suppliers of discs used by each laboratory. Oxoid discs obtained from Thermo 
Scientific, Landsmeer, the Netherlands. Mast discs obtained from Mast Group, Bootle, UK. 
Biorad discs obtained from Bio-Rad, Marnes-la-Coquette, France. AGES: Institute for 
Medical Microbiology and Hygiene at the Austrian Federal Agency for Health and Food 
Safety, Vienna, Austria; Anses: The Mycoplasmology-Bacteriology and Antimicrobial 
Resistance Unit of Ploufragan-Plouzané-Niort Laboratory of the French Agency for Food, 
Environmental and Occupational Health & Safety, France; ICC: Inter-University 
Cooperation Centre Water & Health at Karl Landsteiner University of Health Sciences, 
Division Water Quality & Health, Krems, Austria; BfR: the Consultant Laboratory for Vibrio 
spp. in food hosted at the German Federal Institute for Risk Assessment, Berlin, Germany.  
 AGES Anses BfR ICC 
Amoxicillin/ Clavulanic acid (20/10 µg) Oxoid Biorad Oxoid Oxoid 
Amikacin (30 µg) Oxoid Biorad Oxoid Oxoid 
Ampicillin (10 µg) Oxoid Biorad Oxoid Oxoid 
Cefepime (30 µg)  Oxoid Biorad Oxoid Oxoid 
Chloramphenicol (30 µg) Oxoid Mast Oxoid Oxoid 
Ciprofloxacin (5 µg) Oxoid Mast Oxoid Oxoid 
Cefotaxime (30 µg) Oxoid Mast Oxoid Oxoid 
Ceftazidime (30 µg)  Oxoid Biorad Oxoid Oxoid 
Erythromycin (15 µg) Oxoid Biorad Oxoid Oxoid 
Florfenicol (30 µg)  Oxoid Mast Oxoid Oxoid 
Gentamicin (10 µg) Oxoid Biorad Oxoid Oxoid 
Imipenem (10 µg) Oxoid Biorad Oxoid Oxoid 
Meropenem (10 µg) Oxoid Biorad Oxoid Oxoid 
Nalidixic acid (30 µg) Oxoid Mast Oxoid Oxoid 
Norfloxacin (10 µg) Oxoid Biorad Oxoid Oxoid 
Streptomycin (10 µg) Oxoid Biorad Oxoid Oxoid 
Tetracycline (30 µg) Oxoid Biorad Oxoid Oxoid 
Trimethoprim (5 µg) Oxoid Biorad Oxoid Oxoid 
Trimethoprim-sulfamethoxazole (1.25/23.75 µg) Oxoid Oxoid Oxoid Oxoid 
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Table S3 (individual parts S3.1–S3.19 on subsequent pages). Raw disc zone data for each laboratory (abbre-
viations as in Table S2) and for multi-laboratory aggregations. Columns shaded in grey indicate zone sizes for 
isolates that would be categorised as WT by the application of the COWT calculated from the aggregations or 
censored  aggregations of the data from the participating laboratories. Zone sizes in red indicate data sets from 
individual laboratories which because of their excessive SD values (>3.39 mm) were excluded from censored 
aggregations. 

Table S3.1. Amoxicillin-clavulanate (20/10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18           
19 10 1     11 
20 9 5   1 15 
21 7 19 8 13 47 
22 4 10 23 6 43 
23   4 9 5 18 
24     8 1 9 
25     1 1 2 
26         0 
27       1 1 
28       1 1 
29          
30           
31           
32           
33           
34      
35      
36      
37      
38      
39      
40      
41      
42      
43      
44      
45      
46      
47      
48      
49           
50           

COWT 18 19 19 14 18 
SD 1.1 0.94 1.5 2.9 1.5 

E. coli  
ATCC 35218 

Acceptable range 17–22 mm 
19 21 21 20  
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Table S3.2. Amikacin (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18           
19 4       4 
20 15   6 6 27 
21 8 9 8 15 40 
22 2 18 26 7 53 
23 1 9 5 1 16 
24   3 4   7 
25          
26          
27          
28      
29      
30           
31           
32           
33           
34      
35      
36      
37      
38      
39      
40      
41      
42      
43      
44      
45      
46      
47      
48      
49           
50           

COWT 18 20 18 19 18 
SD 0.9 1.5 1.3 0.8 1.2 

E. coli  
ATCC 25922 

Acceptable range 19–26 mm 
19 21 21 20  
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Table S3.3. Ampicillin (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6   1  1 
7      
8      
9   1  1 
10   1  1 
11   4  4 
12      
13   1  1 
14      
15      
16      
17      
18      
19 12    12 
20 12     8 20 
21 4 1   12 17 
22 2 4 3 5 14 
23   10 9   19 
24   11 15 2 28 
25   7 11 1 19 
26   5 1 1 7 
27   1 2   3 
28           
29          
30      
31      
32      
33      
34      
35      
36      
37      
38      
39      
40      
41      
42      
43      
44      
45      
46      
47      
48      
49          
50           

COWT 18 20 21 16 19 
SD 1.0 1.5 1.0 2.2 1.6 

E. coli  
ATCC 25922 

Acceptable range 15–22 mm 
17 17 15 18  
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Table S3.4. Cefepime (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
27  1   1 
28 4 1 1 1 7 
29 7   1   8 
30 4 5 6 6 21 
31 3 6 9 4 22 
32 6 11 11 13 41 
33 5 5 9 5 24 
34 1 6 8   15 
35   1 2   3 
36   1 1   2 
37   2     2 
38      
39      
40      
41      
42      
43      
44      
45      
46      
47      
48      
49      
50          

COWT 25 26 28 29 28 
SD 2.4 2.2 1.6 0.9 1.5 

E. coli  
ATCC 25922 

Acceptable range 31–37 mm 
32 37  33  
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Table S3.5. Cefotaxime (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
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       1 1 
32 1       1 
33 3       3 
34 1   2 4 7 
35 5     2 7 
36 6 3 3 11 23 
37 4 4 4 3 15 
38 6 10 11 6 33 
39 2 7 8   17 
40 2 7 11 2 22 
41   6 6   12 
42   2 3   5 
43     1   1 
44           
45           
46           
47           
48           
49           
50           

COWT 32 35 34 31 31 
SD 2.0 1.6 1.8 2.0 2.4 

E. coli  
ATCC 25922 

Acceptable range 29–35 mm 
30 35 34 33  
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Table S3.6. Ceftazidime (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25 2   3   5 
26 2 1 3 1 7 
27 6 3 8 1 18 
28 4 6 12 3 25 
29 6 17 10 8 41 
30 6 6 7 12 31 
31 1 4 4 1 10 
32 3 1 1 3 8 
33  1    1 
34      
35      
36      
37      
38      
39      
40      
41      
42      
43      
44      
45      
46      
47      
48      
49      
50      

COWT 23 26 24 25 24 
SD 2.2 1.4 1.7 1.6 2.3 

E. coli  
ATCC 25922 

Acceptable range 25–32 mm 
23 24  29  
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Table S3.7. Chloramphenicol (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24           
25           
26 1       1 
27 3       3 
28 3 2 7   12 
29 7 8 9   24 
30 6 10 3 15 34 
31 4 9 5 7 25 
32 3 7 8 5 23 
33 3   3 1 7 
34   3 12 1 16 
35     1   1 
36     1   1 
37           
38           
39           
40           
41      
42      
43      
44      
45      
46      
47      
48      
49      
50           

COWT 24 25 30 28 24 
SD 2.3 2.0 1.3 1.1 2.5 

E. coli  
ATCC 2592 

Acceptable range 21–27 mm 
25 22 27 25  
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Table S3.8. Ciprofloxacin (5 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
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   2  2 
31     8   8 
32 3   7 2 12 
33 2   2   4 
34 2 4 4 5 15 
35 4 2 8 1 15 
36 6 5 8 14 33 
37 2 9 2   13 
38 6 10 4 4 24 
39 2 4 3   9 
40 3 4 1 3 11 
41   1     1 
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 31 33 27 27 31 
SD 2.3 1.8 2.9 2.9 2.3 

E. coli  
ATCC 2592 

Acceptable range 29–38 mm 
32 35 37 36  
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Table S3.9. Erythromycin (15 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16   2     2 
17       1 1 
18   1 10   11 
19 8 3 15 4 30 
20 7 6 13 8 34 
21 6 17 6 10 39 
22 3 2 3 5 13 
23 5 5 2 1 13 
24   2     2 
25   1     1 
26           
27 1       1 
28           
29           
30      
31      
32      
33      
34      
35      
36      
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 14 17 15 18 16 
SD 2.4 1.9 1.6 1.1 1.7 

S. aureus 
ATCC 25923 

Acceptable range 22–30 mm 
28 27 28,30,30 29  
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Table S3.10. Florfenicol 

Zones (mm) AGES Anses BfR ICC Aggregation 
6       
7       
8       
9       
10       
11       
12       
13       
14       
15       
16       
17       
18       
19       
20       
21       
22       
23       
24       
25       
26       
27        
28 1  1   2 
29 2 1 4   10 
30 3 7 7 10 27 
31 10 12 15 6 51 
32 6 12 7 12 39 
33 3 5 7   20 
34 2 1 6 1 10 
35 2  1   3 
36  1     2 
37         
38 1      1 
39          
40          
41          
42          
43          
44          
45         
46          
47          
48          
49          
50          

COWT 25 28 26 26 27 
SD 2.4 1.2 2.1 2.1 1.6 

E. coli  
ATCC 25922 

Acceptable range 22–28 mm 
24 22  23  
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Table S3.11. Gentamicin (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation  
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16           
17           
18           
19 1 1   4 6 
20 8 5   18 31 
21 17 9   7 33 
22 4 11 3   18 
23   6 14   20 
24   3 23   26 
25   4 7   11 
26     2   2 
27           
28           
29           
30           
31           
32           
33           
34           
35           
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 19 17 21 18 16 
SD 0.8 1.9 0.9 0.6 2.2 

E. coli  
ATCC 25922 

Acceptable range 19–26 mm 
20 24 19 22  

  



Supplement to Smith et al. (2023) – Dis Aquat Org 156: 115–121  –  https://doi.org/10.3354/dao03766 
 

 14 

Table S3.12. Imipenem (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22    1 1 
23 2       2 
24 10 1 3 8 22 
25 10 4 12 13 39 
26 5 11 17 3 36 
27 3 16 10 2 31 
28   6 5   11 
29     2   2 
30   1   2 3 
31           
32           
33           
34           
35           
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 22 24 23 18 23 
SD 1.2 1.0 1.3 2.6 1.3 

P. aeruginosa 
ATCC 27853 

Acceptable range 20–28 mm 
23 24 23,25,28 22  
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Table S3.13. Meropenem (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24  1   1 
25 3 1   4 
26 8 2   1 11 
27 9 13 7 13 42 
28 8 15 38 11 72 
29 2 4 3 3 12 
30   2 1 1 4 
31   1     1 
32          
33          
34          
35          
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

9COWT 24 24 26 26 25 
SD 1.1 1.3 0.9 0.9 0.8 

P. aeruginosa 
ATCC 27853 

Acceptable range 27–33 mm 
31 29 30,32,33 33  
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Table S3.14. Nalidixic acid (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
27      
28   1  1 
29           
30 2 6 4 1 13 
31 1 3 5 1 10 
32 7 7 13 5 32 
33 8 12 8 3 31 
34 8 8 10 16 42 
35 3 2 5 1 11 
36 1 1 1 2 5 
37     2   2 
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 30 26 29 30 29 
SD 1.4 1.3 1.7 1.5 1.4 

E. coli  
ATCC 25922 

Acceptable range 22–28 mm 
28 25 26 28  
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Table S3.15. Norfloxacin (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24      
25      
26      
27      
28           
29     1   1 
30     4 1 5 
31 1   4   5 
32 3   2 17 22 
33 5 1 7 2 15 
34 8 7 10 6 31 
35 7 7 9 1 24 
36 3 7 8 2 20 
37 1 10 1   12 
38 2 4 1   7 
39     2   2 
40   3     3 
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 29 29 30 28 28 
SD 2.1 2.4 1.9 1.9 2.4 

E. coli  
ATCC 25922 

Acceptable range 28–35 mm 
30 35 34 32  
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Table S3.16. Streptomycin (10 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13 4 5 3 1 13 
14 14 6 15 12 47 
15 7 19 13 11 50 
16 4 5 17 3 29 
17 1 1 1 2 5 
18   2     2 
19   1     1 
20           
21           
22           
23           
24           
25           
26           
27           
28           
29           
30           
31           
32           
33           
34           
35           
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 11 9 11 13 13 
SD 1.2 1.9 1.5 1.0 1.0 

E. coli  
ATCC 25922 

Acceptable range 12–20 mm 
16 17 19 18  
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Table S3.17. Tetracycline (30 µg) 

Zones (mm) AGES Anses BfR ICC Aggregation 
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23           
24     1 2 3 
25 1   1 4 6 
26 2   6 8 16 
27 9 7 6 7 29 
28 9 8 9 8 34 
29 8 8 7   23 
30 1 11 9   21 
31   1 7   8 
32   4 2   6 
33           
34           
35     1   1 
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 25 23 25 22 23 
SD 1.2 2.0 1.8 1.6 1.9 

E. coli  
ATCC 25922 

Acceptable range 18–25 mm 
23 23 22 23  
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Table S3.18. Trimethoprim (5 µg) 

Zones (mm) AGES Anses BfR ICC Censored 
aggregation 

6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22 1       1 
23   4      
24 4 5   1 5 
25 6 9 8 3 17 
26 11 4 39 9 59 
27 5 7 2 9 16 
28 2 1   5 7 
29 1 3   1 2 
30   2   1 1 
31   1      
32   1      
33   1      
34   1      
35          
36          
37          
38          
39          
40          
41          
42          
43          
44          
45          
46          
47          
48          
49          
50          

COWT 23 15 25 23 23 
SD 1.1 4.1 1.8 1.3 1.3 

E. coli  
ATCC 25922 

Acceptable range 21–28 mm 
26 23 24 23  

As its SD was excessive, the data from Anses was not included in the censored aggregation 
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Table S3.19. Trimethoprim-sulfamethoxazole (1.25/23.75 µg) 

Zones (mm) AGES Anses BfR ICC Censored 
aggregation 

6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
16      
17      
18      
19      
20      
21      
22      
23      
24           
25   1 4   5 
26 4 4 1   9 
27 8 9 7 4 24 
28 13 5 12 4 30 
29 5 5 8 4 18 
30   10 8 15 18 
31   4 4 1 8 
32   1 2 1 3 
33     2   2 
34     1   1 
35           
36           
37           
38           
39           
40           
41           
42           
43           
44           
45           
46           
47           
48           
49           
50           

COWT 25 24 23 18 24 
SD 0.9 1.7 2.3 4.1 1.9 

E. coli  
ATCC 25922 

Acceptable range 23–29 mm 
26 26 27 28  

As its SD was excessive, the data from ICC was not included in the censored aggregation 
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