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Supplementary Materials Part A: Supplementary figures and tables
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Figure S1. Distribution of the 60 turkey farms across three countries. Yellow dots represent the sampled farms. German
farms were geographically spread over the country, while all French and Spanish farms were concentrated in Brittany
and Andalusia, respectively, both being the major turkey production sites of these countries.
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Figure S3. Abundance of antimicrobial resistance (AMR) genes per farm, expressed as fragments per kilobase
reference per million bacterial fragments (FPKM). Columns represent 60 samples from three countries (B: n =21,
E: n =20, and H: n = 19). One additional farm was visited in country B due to incomplete questionnaire data in
one of the farms, resulting in twenty-one samples in total. One sample in country H was removed due to errors
during processing. Seven farms where no antimicrobial use was reported in the sampled flock are indicated with

an asterisk below the columns.
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Figure S4. Total abundance of antimicrobial resistance (AMR) genes per country, expressed as the sum of

fragments per kilobase reference per million bacterial fragments (FPKM). In total 60 samples from three

countries (B: n =21, E: n =20, and H: n =19) were included. One additional farm was visited in country B due to

incomplete questionnaire data in one of the farms, resulting in twenty-one samples in total. One sample in

country H was removed due to errors during processing. The mean total abundance on the farms in country E

was significantly lower than that of country H (by one-way ANOVA and Tukey’s HSD). ** p<0.01, ns= not

significant.
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Figure S5. Correlations (Spearman ) between the abundance of ermB, tetW, sul2 and aph3’-I1I gene level clusters

detected by metagenomics (vertical axis) and the abundance of these genes detected by qPCR (horizontal axis)

Dots represent 57 farms (country B: n =21, E: n =20, and H: n = 19). Metagenomics samples were pooled at farm

level whereas for qPCR, the median of the samples per farm were used. FPKM = fragments per kilobase reference

per million bacterial fragments.



Table S1. Univariate associations between antimicrobial usage (AMU), technical farm characteristics, biosecurity
measures of the turkey farms and the median relative faecal abundance of ermB, tetW, sul2 and aph3’-III per farm

Model variables ermB tetW sul2 aph3’-111
GMR [95%CI] GMR [95%CI] GMR [95%ClI] GMR  [95%CI]
AMU
Logio TI macrolides + lincomycin 1.72 [0.74,3.98] 1.23 [0.60,2.53] 2.38 [0.60,9.36] 1.82 [0.46,7.17]
Loguo TI tetracyclines 1.75 [0.72,4.30] 1.72 [0.80,3.69] 0.79 [0.18,3.46]  1.30 [0.30,5.70]
Trimethoprim-sulphonamides used (ref:no) 2.74 [1.06,7.11] 1.70 [0.74,3.92] 3.92 [0.80,19.14] 0.31 [0.06,1.50]
Aminoglycosides or spectinomycin used (ref:no) 1.90 [0.81,4.42] 1.62 [0.79,3.36] 0.95 [0.23,3.87] 1.63 [0.40,6.59]
Loguo TI total AMU 1.86 [1.03,3.37] 1.81 [1.10,3.00] 1.53 [0.56,4.13] 1.05 [0.39,2.84]
Technical farm characteristics
Loguo total number of turkeys at the farm 0.45 [0.19,1.08] 0.55 [0.26,1.15] 2.50 [0.75,8.34] 0.85 [0.20,3.62]
Age of turkeys at sampling (standardized) 0.86 [0.60,1.22] 0.88 [0.65,1.19] 1.20 [0.42,3.41] 0.68 [0.39,1.21]
Other livestock present (ref:no) 0.84 [0.46,1.55] 0.87 [0.52,1.47] 1.72 [0.64,4.62]  0.37 [0.14,0.97]
Sampling season (ref: autumn, winter) 1.43 [0.68,2.99] 1.46 [0.78,2.75] 0.34 [0.11,1.06] 0.89 [0.26,3.01]
Biosecurity
Visitor access more than once a month (ref:no) 0.32 [0.17,0.62] 0.34 [0.20,0.59] 0.67 [0.21,2.15] 045 [0.14,1.41]
Outdoor access possible for turkeys (ref:no) 0.31 [0.13,0.75] 0.37 [0.17,0.80] 3.9 [0.86,17.6] 0.43 [0.09,2.00]
Different age categories of turkeys present (refno)  0.38 [0.20,0.72] 047 [0.27,0.82] 0.5 [0.17,1.54] 1.63 [0.53,4.96]
Bird- and vermin proof grids placed on the air inlets
0.95 [0.40,229] 1.16 [0.55,2.44] 1.67 [0.40,6.94] 5.72 [1.48,22.1]
(ref:no)
Staff keeps turkeys or birds at home (ref:no) 0.67 [0.31,1.42] 0.69 [0.36,1.32] 2.21 [0.65,7.56]  0.21 [0.07,0.68]
Disinfecting footbaths present on the farm (ref:no) 0.70 [0.41,1.20] 0.63 [0.40,0.98] 0.85 [0.352.08] 0.66 [0.27,1.60]

Associations in bold have a p value < 0.05. Biosecurity variables displayed in the table are those significantly associated

with the abundance of at least one of the gene. AMU=Antimicrobial usage; GMR=Geometric mean ratio; 95%CI=95%

Confidence interval; TI=Treatment incidence.



Table S2. Univariate associations between antimicrobial usage (AMU), characteristics and biosecurity measures of the
turkey farms and the occurrence of E. coli isolates from turkey faeces resistant to ampicillin, tetracycline and ciprofloxacin

Susceptible Resistant
Model variables Values isolates isolates Odds Ratio
(WT) (NWT)
n (%) n (%) [95%CI]
AMP
AMU
Log1o TI aminopenicillins 6.08 [2.14,17.27]
Logo TI total AMU 252 [1.69,3.78]
Technical farm characteristics
Loguo total number of turkeys at the farm 326 [0.76,14.02]
Age of turkeys at sampling (standardized) 0.62  [0.39,0.99]
Yes 49 (43) 140 (29)
Other livestock present (ref: no) 0.39  [0.14,1.03]
No 64 (57) 343 (71)
SS 44 (61) 242 (50)
Sampling season (ref: AW) 145 [0.57,3.70]
AW 69 (39) 241 (50)
Biosecurity
Yes 87 (77) 279 (58)
Other livestock farms present within 500m 0.32  [0.12,0.86]
No 26 (23) 204 (42)
TET
AMU
Logo TT tetracyclines 5.30 [1.03,27.12]
Loguo TI total AMU 236 [1.61,3.46]
Technical farm characteristics
Logo total number of turkeys at the farm 1.32  [0.29,6.04]
Age of turkeys at sampling (standardized) 0.62  [0.38,1.00]
Yes 46 (38) 143 (30)
Other livestock present (ref: no) 0.62 [0.22,1.75]
No 74 (62) 333 (70)
SS 29 (24) 257 (54)
Sampling season (ref: AW) 464 [1.86,11.57]
AW 91 (76) 219 (46)
Biosecurity
Yes 10 (8) 139 (29)
Wild birds can enter the stables (ref: no) 542 [1.67,17.63]
No 110 (92) 337 (71)
Yes 51 (43) 99 (21)
Different age categories of turkeys present (ref: no) 0.23  [0.08,0.64]
No 69 (58) 377 (79)

CIP
AMU

Loguo TI quinolones

11.09 [3.25,37.83]



Logu TI total AMU 186 [1.27,2.71]

Technical farm characteristics

Loguo total number of turkeys at the farm 0.85  [0.20,3.65]
Age of turkeys at sampling (standardized) 0.90 [0.50,1.61]
Yes 46 (38) 143 (30)
Other livestock present (ref: no) 0.63  [0.24,1.69]
No 74 (62) 333 (70)
SS 29 (24) 257 (54)
Sampling season (ref: AW) 1.01  [0.27,3.80]
AW 91 (76) 219 (46)
Biosecurity
Yes 88 (27) 41 (15)
The nearest turkey farm within 500m (ref: no) 0.34 [0.12,0.96]
No 234 (73) 233 (85)

Associations in bold have a p value < 0.05. Biosecurity variables displayed in the table are those significantly associated with
AMR. AMU=Antimicrobial usage; WT=wild type; NWT=non-wild type; 95%CI=95% Confidence interval; AMP=ampicillin;
TET=tetracycline; CIP=ciprofloxacin; TI=Treatment incidence; SS= Spring and Summer; AW= Autumn and Winter.

Table S3. Ten most abundant antimicrobial resistance (AMR) genes in turkey faeces quantified by metagenomics and their

proportion within the macrolide, tetracycline, sulphonamide and aminoglycoside class clusters

Macrolide % Tetracycline % Sulphonamide % Aminoglycoside %
1 erm(B)_clust 69.0 tet(W) 423  sul2 42.6 aph(3)-111 25.3
2 mef(A)-3 5.5 tet(L)_clustl 13.8 sull 36.4 aadA_ant(3”’)-la_clust 14.9
3 mdftA) 44 tet(M) 13.5 sul3_2_AJ459418 21.0 ant(6)-Ia_clustl 12.1
4  erm(F)_clust 4.0 tet(Q) 8.6 aph(3”)-Ib 8.0
5 erm(C)_clust 3.8 tet(A) 49 aph(6)-1d 8.0
6  mef(A)_clust 3.6 tet(O/W/32/0/W/O) 3.1 aadA_clustl 79
7  erm(T)_clust 2.3 tet(40) 2.8 ant(6)-la_clust2 7.3
8  msr(D) 1.3 tet(44) 1.9 aadD 3.5
9  erm(X)_clust 1.3 tet(Z) 15 ant(9)-1a-1 2.8
10 erm(T)_4_AJ488494 1.1 tet(X)_clust 1.4 aph(3’)-Ia_aph(3’)-Ic 2.3

Fragments per kilobase reference per million bacterial fragments (FPKM) values of AMR genes were clustered at the 90%
identity level. Genes in bold were used as qPCR target. Only three gene-level clusters were found for sulphonamide.



Supplementary Materials Part B: Selected biosecurity check questions from the questionnaire used in risk factor
analyses. Answers are shown in brackets with the number of farms.

e Is the farm site divided into a clean and dirty area?

O Yes (9)
] No(51)

e Are visitors obliged to check in before having entrance to the stables?

L1 Yes (47)
1 No(13)

e How many times a month is access to the stables granted for visitors (family members, technicians,

representatives, etc.)?

1 Never (16)
J 1-12 times (27)
O >12times (17)

e |sthere permanent staff that also keeps turkeys or birds at home?

J Yes(10)
J No (50)

e |s there permanent staff that also works on other turkey farms?

J Yes(6)
] No (54)

e Is equipment present on the farm that is also used on other farms (for example, a straw blower)?

L1 Yes(14)
1 No (46)

e Is outdoor access possible for the turkeys?

] Yes (14)
1 No (46)

e Can wild birds enter the stable(s)?



O Yes (15)
0 No (45)

Are bird- and vermin proof grids placed on the air inlets?

O Yes (53)
1 No (7)

Does the farm harbour vermin (rats, mice, etc.)?

J Much (18)
1 Limited (6)
] None (36)

Do companion animals have access to the stable(s) or the hygiene lock?

LI Yes(10)
L1 No (50)

Is there natural stagnant or running water within < 1 km of the farm?

] Yes (33)
J No (27)

At what distance is the nearest turkey farm located?

[ <500 meter (13)
[0 500 meter — 1 kilometer (15)
O >1kilometer (32)

Are other animal keeping facilities located within a radius of 500 meters of your farm?

No (23)

Broilers (3)
Laying hens (1)
Veal calves (2)
Dairy cattle (16)
Beef cattle (7)

Pigs (15)

O 0o0oo0oooaoaoo

Goats (3)



] Sheep (4)

[J Other, namely: (horses, geese, rabbit, turkey, poultry)
Are there different age categories of turkeys present on the farm?

O Yes (15)
[J No (45)

Are there disinfection baths for vehicles present at the entry of the farm site?

O Yes(9)
[J No(51)

Is there a FARM-hygiene lock present?

] Yes(14)
] No (46)

Are there any disinfecting footbaths present on the farm?

L] Yes(34)
] No (26)

Is there more than one stable present on the farm?

L1 Yes (44)
1 No (16)



