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Table S1. Summary of input variables for the “feedlot” module, the distribution/calculation of the input variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)2 Reference
Probability of CONV cattle
Pconv Percentage of US. cattle % 90.1 [14]
administered antimicrobials
Prevalence in RWA feces at feedlot
ind_season Type of sampling season, 1 =high - Bernoulli (0.33) (V) [16]
(June to September) shedding
period, 0 = low (October to May)
shedding period
HJ/L_Pf _Br_rwaP Prevalence of BR-EC in RWA feces % If ind_season =1, 100 x Beta (0.41, 1.07) (V); otherwise, 100 x Beta (1.29, 2.00) (V) [56-66]
Prevalence from RWA feces to CONV feces at feedlot
IF Impact factor (OR) of BR-EC - Lognorm? (0.62, 1.02) (V), truncated between -3.61 and 7.07¢ [56,59,63,65]
prevalence between RWA and
CONV feces
Pr_Br_conv Prevalence of BR-EC in CONV % refer to Equation (1), where Pi = Pr_sr_rwa, OR = IF -
feces
Prevalence from feces to hides at feedlot
H/L_ORp_kci_frm®  Transfer ratio of E. coli prevalence - If ind_season = 1, Lognorm2 (-0.18, 1.08) (V), truncated between -4.81 and 6.055 [8,67-72]
from feces to hides at feedlot otherwise, Lognorm?2 (1.59, 1.11) (V), truncated between -6.46 and 4.74¢
Pn_sr_rwa Prevalence of BR-EC on RWA % refer to Equation (1), where Pi = Pr_sr_rwa, OR = ORpi_Ecoli_farm -
hides at feedlot
Pn_Br_conv Prevalence of BR-EC on CONV % refer to Equation (1), where Pi = Pr_sr_conv, OR = ORp_Ecoli_farm -

hides at feedlot

aU - uncertainty; V - variability.

b H - high shedding season; L - low shedding season.

¢ Lognorm?2 (u, o) represented the lognormal distribution with specified mean and standard deviation generated from the “logged” values of the distribution.

Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability proportionally across the remaining range
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between min. and max. For the distributions fitted by MA approach, the upper and lower limits of 95% confidence intervals of observations from empirical studies
were selected as the truncation boundaries; otherwise, the observed min. and max. from empirical studies were used as the truncation boundaries.
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Table S2. Summary of input variables for the cattle compositions, the distribution/calculation of the input variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)2 Reference

ind_carc Indicator of carcass type Discrete ([1,2,3,4],[0.548,0.256,0.18,0.016])> (V), where 1 — 4 represent [73]
four types of cattle: steer, heifer, dairy, and bull; 0.548 — 0.016 represent
their corresponding slaughter proportions annually in the U.S.
Weare Chilled carcass weight kg If ind_carc =1, Normal (404, 7.90) (V); if ind_carc =2, Normal (373, 7.72)  [73]
(V); if ind_carc = 3, Normal (292, 4.14) (V); otherwise, Normal (409, 7.26)
(V). Truncated to min. = 0¢
Feuts_care Fraction of chilled % IF ind_carc=1or 2, 67; if ind_carc =3, 11; otherwise, 0 [16,73-75]
carcass weight to beef

cuts
Frim_carc Fraction of chilled % IF ind_carc=1 or 2, 18; if ind_carc = 3, 65; otherwise, 90 [16,73-75]
carcass weight to trim
Weuts_carc Weight of beef cuts per kg Woeare % Feuts_carc -
chilled carcass
Whrim_carc Weight of trim per kg Weare % Firim_carc -
chilled carcass
TSA Total outside surface cm? IF ind_carc=1 or 2, 32000; if ind_carc = 3, 23000; otherwise, 37000 [16]
area per carcass
TCA Total contaminated cm? Uniform (30, TSA) (U) [16]

surface area per carcass
pre-fabrication

Firim_area Proportion of total % 75 [16]
surface area per carcass
to trim

Feuts_area proportion  of total % 100 - Ftrim_area -
surface area per carcass
to beef cuts

N Number of bins to which - 5 [76]
an individual carcass

contributes

Whrim_carc_bin Weight of trim per kg Whrim_carc | N -
chilled carcass to one bin

Whrim_bin Weight of trim per bin kg 907 [16]
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Werinding Weight of a grinding kg 4,536 [16]

load
c Stochastic number of carcasses Intd (Werim_vin [ Whrim_carc_bin) -
chilled carcasses

contribute to one bin

b Number of bins bins Intd (Werinding | Werim_bin) -
contribute to one
grinding load

aU - uncertainty; V - variability.
b Discrete ([X1, X2, ..., Xn], [p1, p2, ..., pn]): discrete distribution with n possible values (X’s) and corresponding probabilities (p’s).

¢ Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability proportionally across the remaining
range greater than min. The observed min. from empirical studies were used as the truncation boundary.

¢ Int () returns the integer of the calculation.
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Table S3. Summary of input variables for the primary processing of beef carcasses in the “processing” module, the distribution/calculation of the input variables

and evidence sources.

Variable

Description

Unit

Distribution/calculation (U/V)

Reference

Prevalence from hides at feedlot to hides at the processing plant

H/L_ORll/l_fmm_p

lant?

Pi_BR_plant_rRwA

Pi_BR_plant_conv

Transfer ratio of E. coli
prevalence from hides at
feedlot to hides
immediately sampled
pre-dehiding

Prevalence of BR-EC on
RWA hides pre-dehiding
Prevalence of BR-EC on
CONV hides pre-
dehiding

Concentration in feces at the processing plant

H/L_Cs _Br_rwaP

H/L_Cy_Br_conv
b

Concentration of BR-EC
in RWA pre-
dehiding
Concentration of BR-EC
in CONV feces pre-
dehiding

feces

%

%

logw CFU/g

log CFU/g

Concentration from feces to hides at the processing plant

MDp_BR_plant

Ch_BR_plant_RWA

Ch_BR_plant_CONV

Transfer factor of BR-EC
concentration from feces
to hides at processing
plant

Concentration of BR-EC
on RWA hides pre-
dehiding

Concentration of BR-EC
on CONV hides pre-
dehiding

log CFU

logo
CFU/100cm?

logo
CFU/100cm?

If ind_season = 1, Lognorm?2 (0.60, 1.47) (V), truncated between -4.41 and
8.85¢ otherwise, Lognorm?2 (2.19, 0.73) (V), truncated between -3.95 and
6.46¢

refer to Equation (1), where Pi = Pi_sr_rwa, OR = ORui_farm_piant

refer to Equation (1), where Pi = Pi_sr_conv, OR = ORun_farm_plant

If ind_season =1, Pert (-2, 0.65, 4.37) (V); otherwise, Pert (-2, -2, 0.65) (V)

If ind_season =1, Pert (-2, 0.65, 4.97) (V), Pert (-2, -2, 4.55) (V)

Normal (0.38, 1.01) (V), truncated between -0.83 and 1.23¢

refer to Equation (2), where Ci = Cr_sr_rwa, MD = MDj_BR_plant

refer to Equation (2), where Ci = Cr_sr_conv, MD = MDp:_BR_plant

[8,67-69,77]

(17]

(17]

(8]
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Prevalence from hides at the processing plant to carcass pre-evisceration

H/L_ORnc_nide_ca  Transfer ratio of E. coli -

7P prevalence from hide
pre-dehiding to carcass
pre-evisceration

Pc_BR_precvis._rwa  Prevalence of BR-EC on %
RWA  carcass  pre-
evisceration

Pc_BR_preewis_conv ~ Prevalence of BR-EC on %
CONV  carcass  pre-
evisceration

If ind_season =1, Lognorm2 (-4.35, 3.31) (V), truncated between -13.94 and
3.935 otherwise, Lognorm?2 (-3.47, 2.22) (V), truncated between -10.69 and
2.10¢

refer to Equaﬁon (1), where Pi = PIl_BR_plmlf_RWA, OR = ORIZC_/lidE_Cun‘

refer to Equaﬁon (1), where Pi = PIl_BR_plmlf_CONV, OR = ORllc_hida_cmc

Concentration from hides at the processing plant to carcass pre-evisceration

MDuc_sr_nite_care  Transfer factor of BR-EC logi CFU
concentration from hides
pre-dehiding to carcass
pre-evisceration

Ce_BR_preewis_rwa ~ Concentration of BR-EC loguo
on RWA carcass surface CFU/100cm?
pre-evisceration

Ce_BR_preewis_conv ~ Concentration of BR-EC  logio
on CONV carcass surface CFU/100cm?
pre-evisceration

Prevalence from pre-eviscerated carcass to final carcass

ORcc_preevis_final Transfer ratio of E. coli -
prevalence due to
evisceration

Pc_BR_final_RWA Prevalence of BR-EC on %
final RWA carcass

Pc_BR_final_CONV Prevalence of BR-EC on %
final CONV carcass

Concentration from pre-eviscerated carcass to final carcass

Normal (1.72,1.15) (V), truncated between 0.77 and 2.60¢

refer to Equaﬁon (2), where Ci = CIZ_BR_‘U[HIZ:‘_RWA, MD = MDIZC_BR_IZidE_CuTC

refer to Equaﬁon (2), where Ci = CIZ_BR_‘LY[ml:‘_CONV, MD = MDIZC_BR_IZidE_CuTC

Lognorm? (-2.82, 1.86) (V), truncated between -10.70 and 3.93¢

refer to Equation (1), where Pi = Pc_Br_precvis_kwa, OR = ORe_preevis_finai

refer to Equation (1), where Pi = Pc_r_preevis_conv, OR = ORcc_preevis_final

[8,67,78,79]

[8,20]
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MDe_Br_precvis_fi ~ Transfer factor of BR-EC
nal concentration due to
evisceration
Cc_BR_final_RWA Concentration of BR-EC
on final RWA carcass
Cc_BR_final_CONV Concentration of BR-EC
on final CONV carcass

aU - uncertainty; V - variability.

log CFU 0.66 [8]
logo refer to Equation (2), where Ci = Ce_8r_preewis_kwa, MD = MDec_BR_precois_final -
CFU/100cm?

logo refer to Equation (2), where Ci = Ce_8r_preewis_conv, MD = MDec_BR_precvis_final -
CFU/100cm?

b H - high shedding season; L - low shedding season.

¢ Lognorm?2 (u, o) represented the lognormal distribution with specified mean and standard deviation generated from the “logged” values of the distribution.

Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability proportionally across the remaining range
between min. and max. For the distributions fitted by MA approach, 95% predictive intervals were selected as the truncation boundaries.

4This distribution was obtained by fitting empirical data via the @Risk 7.5 distribution fitting tool. The best-fitting distribution was selected based on the Akaike
information criterion (AIC) statistics. The observed min. and max. from empirical studies were used as the truncation boundaries.

¢ For the distributions fitted by MA approach, the upper and lower limits of 95% confidence intervals of observations from empirical studies were selected as the

truncation boundaries.
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Table S4. Summary of input variables for the fabrication and trimming of the final carcass in the “processing” module, the distribution/calculation of the input
variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)2 Reference

Prevalence change during fabrication and trimming

PBR_cross_fabr_RWA/CONV Probability of cross- % Uniform (0, 100) (U) -
contamination of BR-
EC to a particular
carcass

Concentration change during fabrication and trimming

logBr_fubr Log increase of BR-EC logio CFU If ind_season = 1, Pert (0, 0.22, 1.5) (V); [16]
due to Cross- otherwise, Pert (0, 0.33, 1.5) (V)
contamination during
fabrication
Cc_BR_postfabr_RWA Concentration of BR- CFU/100cm? Pe_Br_fina_rwa % (1 - PBR_cross_fabr_RWA/CONV X  —
EC on a RWA carcass 10Ce_BR_final Rwa + Pc_BR_final_rRwWA x
post-fabrication PEBR_cross_fabr_RWAICONV x
10(Cc_BR finai Rwa*l0gBR_fabr) + e -
Pe_pr_finai_rwa) x (1 - PBR_cross_fabr_Rwa/conv) x 0 +
(1 - Pc_BR_final_RWA) % PBR_cross_fabr_RWA/CONV X
10(—100 + logBR_fabr)
Cc_BR_postfabr_CONV Concentration of BR- CFU/100cm? Pc_Br_fina_conv x (1 - PBR_cross_fabr_RWA/CONV) X — —
EC on a CONYV carcass 10Ce_BR_final_conv + Pc_BR_final_conv x
post-fabrication PEBR_cross_fabr_RWAICONV x

10(Cc_BR_finai_conv+logBR_fabr) + @ -

Pc_BR_ﬁim[_CONV) X (1 - PBR_cmss_fabr_RWA/CONV) x 0

+ (1 - Pc_BR_ﬁim[_CONV) X PBR_ﬂoss_fabr_RWA/CONV X
10(—100 + logBR_fabr)

Concentration on the outside surface after fabrication and trimming

Ce_BR_postfabr Concentration of BR- CFU/100cm? Pconv x Ce_BR_postfabr_conv + (1 - Pconv) x —
EC on a non-specific Cc_BR_postfabr_RWA
carcass post-
fabrication
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a U - uncertainty; V - variability.
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Table S5. Summary of input variables for the production of beef cuts in the “processing” module, the distribution/calculation of the input variables and evidence

sources.

Variable Description Unit Distribution/calculation (U/V)? Reference

Processing of intact beef cuts

Acuts_carc Total surface area per carcass cm? TSA x Feuts_area -
to beef cuts

TCAcuts Contaminated surface area of cm? (TCA/TSA) x Acuts_carc -
beef cuts per carcass

NBR_int Number of BR-EC on intact CFU Poisson (TCAcuts x Ce_BR_postfabr /100) -
beef cuts

CN_pr_int Concentration of BR-EC on CFU/g — Norime -

Wmts_carcX1000

intact beef cuts per gram

CBR_int Concentration of BR-EC on logw CFU/g If Cn_gr_int > 0, log1o(Cn_sr_int); otherwise, —
intact beef cuts -1000

Processing of non-intact beef cuts (tenderization)

Piat_cntm Probability of lateral cross- % Uniform (0, 100) (U) -
contamination during
tenderization

ind_Plat_cmim Indicator of occurrence of - Bernoulli (Piat_cntm) -
lateral cross-contamination
of BR-EC, 1 = occur, 0 = not
occur

logBr_at Log change of BR-EC on non-  logi CFU Uniform (0, 1.5) (U) [22]
intact beef cuts due to
tenderization

CBR_nonint Concentration of BR-EC on logw CFU/g IF Csr_int =-100 and ind_Piuat_cmm =1, -100 —

non-intact beef cuts

+ lOgBR_[m‘; IF CBR_inf =-100 and ind_Pla;‘_cmfm
= 0, —1003; IF CBR_inf #-100 and ind_Pla;‘_cmfm
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=1, Cor_int +l0gBr_tat; IF Cr_int #-100 and
ind_Piat_cmtm =0, CBR_int - I0gBR_lat

a U - uncertainty; V - variability.

b If Cn_gr_int = 0, log1o(Cn_sr_int) will return -eo; To avoid error message, -100 was used to replace -o at this situation.
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Table S6. Summary of input variables for the production of ground beef in the “processing” module, the distribution/calculation of the input variables and evidence

sources.
Variable Description Unit Distribution/calculation Reference
Atrim_care Total surface area per carcass cm? TSA x Ftrim_area -
to trim
AWtrim Total surface area per kg per cm?/kg Atrim_arc | Whrim_care -
carcass to trim
A[rim_can‘_bin TOtal Surface area Of trim per cm? AWhtrim % W{rim_mrc_bin -
carcass to one bin
TCAtrim_bin Contaminated surface area of cm? (TCA/TSA) x Atrim_carc_bin -
trim per carcass to one bin
NBR_[rinz_carc_bin Number of BR-EC in trim CFU Poisson (TCAfrinz_biil x Cc_BR_posffubr /100) -
from carcass to one bin
NBR_pin Number of BR-EC in trim per CFU .6 NpR_trim_carc_bin -
bin
NBR_ioad Number of BR-EC in one CFU 32 Nig pin -
grinding load
. . NBR loa
CBR_gb Concentration of BR-EC in logio CFU/g If Nor_waz > 0, loguo( m ) -
ground beef

otherwise, -1007

aIf Nr_toad = 0, 10g10(INBR_toad / (Wiyrinding x 1000)) will return -e; To avoid error message, -100 was used to replace -o at this situation.
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Table S7. Summary of input variables for the “transport and storage” module, the distribution/calculation of the input variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)2 Reference
At retail
ind_retail Indicator of retail storage type, 1= - Bernoulli (0.83) [19,28]
fridge, 0 = freezer
Tretail Fridge storage temperature °C Laplace (3.33, 2.66) (V), truncated between 0  [28]
and 19.4°
Timeretai Retail storage time on display hour 24 x Exponential (Uniform (0.5, 1.5)) (V), [16,29]
truncated between 0 and 24 x 14°
Tobs Minimum temperature allowing °C 10.08 [24]
prediction of E. coli growth in/on
beef
Ylmax Maximum population density logio CFU/g  9.41+(-1.23 x 105 x Tretai®) [24]
during fridge storage at retail
At retail — contamination of intact and non-intact beef cuts
7T max Maximum specific growth rate of loguo refer to Equation (3), where T = Tretil [80]
E. coli in beef cuts during fridge CFU/hour
storage at retail
Admax Lag phase duration of E. coli in hour If Tretait > Tovs, refer to Equation (4), where T = [80]
beef cuts during fridge storage at Tretait; otherwise, O
retail
F1() Intermediate factor for beef cuts - Timeyeran + rl;ln(e‘”maxxnmerm” + [25]
during fridge storage at retail e~ lmax*Amax _
e_rlmaxXTimeretail_rlmaxXllmax)
L0gBR_int_retail Maximum increase of BR-EC logw CFU/g  If Csr_int # -100 & Almax > Timeraai, 71pa, X [25]

during fridge storage of intact beef
cuts at retail

TimaxF1(t) _
F1(t) —In (1 + :ylmTcBlet)r otherwise, 0
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CBR_inf_m[m'[

lOgBR_nmlinf_refuil

CBR_nmlin[_m[uil

Concentration of BR-EC on intact
beef cuts after fridge storage at
retail

Maximum increase of BR-EC
during fridge storage of non-intact
beef cuts at retail

Concentration of BR-EC on non-
intact beef cuts after fridge storage
at retail

At retail — contamination of ground beef

72 max

AZT’I&X

F2(1)

logBR_gb_retait

CBR_gb_m‘m'l

Maximum specific growth rate of
E. coliin ground beef during fridge
storage at retail

Lag phase duration of E. coli in
ground beef during fridge storage
at retail

Intermediate factor for ground
beef during fridge storage at retail

Maximum increase of BR-EC
during fridge storage of ground
beef at retail

Concentration of BR-EC in ground
beef after fridge storage at retail

Transport from retail to home

Tfrmls

Transport temperature >0 °C from
retail to home

logio CFU/g

logio CFU/g

logio CFU/g

logio
CFU/hour

hour

logio CFU/g

logio CFU/g

°C

CBR_inf + lOgBR_in t_retail

If CBR_nmlinf #-100 & Almax > TiTnErafuil, Tlmax X

TlmaxF1(t) _
F1(t)—In(1+ 5 mar -1
0

) ; otherwise,

eY1max— CBR nonint

CBR_mminf + lOgBR_noninf_m‘uil

refer to Equation (5), where T = Tretil

If Tretait > Tobs, refer to Equation (6), where T =
Tretail; otherwise, O¢

. 1 — i .
Timererqi + —ln(e T2ZmaxXTiMeretail 4
2max
e_rzmaxX/lzmax —

e_rzmaxXTimeretail_rzmaxX/lzmax)

If CBR_gb # -100 & A2max > TimErafuil, szax X

T2maxF2(t) _
F2(t) —In (1 + 2 L ); otherwise, 0

eYlmax= CBR_ gb

CBR_gb + lOgBR_gb_m;‘uil

Loglogistic  (-22.96, 29.42,
truncated between 0 and 20P

16.77) (V)
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Timetrans

yZ max

Transport from retail to home — contamination of intact and non-intact beef cuts

73 max

A3max

F3(t)
logBR_int_trans
CBR_int_trans

lOgBR_nmlinf_fmns

CBR_nmlin[_fmns

Transport time from retail to home

Maximum population density
during transport from retail to
home

Maximum specific growth rate of
E. coli inbeef cuts during transport
from retail to home at Ttans

Lag phase duration of E. coli in
beef cuts during transport from
retail to home at Ttrans

Intermediate factor for beef cuts
during transport from retail to
hOme at Ttrans

Maximum increase of BR-EC
during transport of intact beef cuts
from retail to home

Concentration of BR-EC on intact
beef cuts after transport

Maximum increase of BR-EC
during transport of non-intact beef
cuts from retail to home

Concentration of BR-EC on non-
intact beef cuts after transport

Transport from retail to home — contamination of ground beef

hour

logio CFU/g

logio
CFU/hour

hour

logio CFU/g

logio CFU/g

logio CFU/g

logio CFU/g

Lognormal (1.33, 0.51, Shift (-0.13)) (V),
truncated between 0.43 and 3.83

941+ (—1.23 x 105 x T:‘mnSS)

refer to Equation (3), where T = Trans

If Tirans > E)bs, refer to Equatlon (4), where T =
T[‘mns; Otherwise, 0

1

Time, + In(e 3maxXTimetrans 4
trans 3 (

max

e_r3max></13max -

e_r3maxXTimetrans_r3max></13max)

If CBR_inf_m[m’l # -100 & A3max > Tim€fru115,
er3maxF3(t) _q
"3max X F3(6) = In(1+ )

otherwise, 0

CBR_iilf_r@fuil + lOgBR_inf_frmls

If CBR_nmlinf_mfuil # -100 & A3mar > Time;‘rmls,
3max X F3(t) — In (1 +

er3maxF3(t) _q

); otherwise, 0

e¥2max— CBR nonint_retail

CBR_nmlinf_mfuil + lOgBR_nmlinf_fmns
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T4 max

A4]”11X

F4(t)

lOgBR_gb_fmns

CBR_gb_fmns

At home

Thome

y3 max

Maximum specific growth rate of
E. coli in ground beef during
transport from retail to home at
Tfmns

Lag phase duration of E. coli in
ground beef during transport from
retail to home at Ttrans

Intermediate factor for ground
beef during transport from retail
to home at Tans

Maximum increase of BR-EC
during transport of ground beef
from retail to home

Concentration of BR-EC in ground
beef after transport

Fridge storage temperature at
home

Maximum population density
during home storage

At home — contamination of intact and non-intact beef cuts

ind_home

Timenome

Indicator of storage type of beef
cuts, 1 =fridge, 0 = freezer

Fridge storage time of beef cuts at
home

logio
CFU/hour

hour

logio CFU/g

logio CFU/g

°C

logio CFU/g

hour

refer to Equation (5), where T = Tirans

If Tirans > Tobs, refer to Equation (6), where T =
T[‘mns; Oﬂlerwise, Qc

1

Time, + In(e~"*maxXTiMmerrans 4
trans r (

4max

e~ T4maxXMmax —

e T4maxXTiMetrans _r4‘max></14‘max)

If CBR_gb_m[m'l # -100 & Admax > Time;‘rmls,
T4maxF4(t) —
Pmax X FA@O) —In (1+ 22022t

e)’zmax — CBR_gb_retail

otherwise, 0

CBR_gb_m.‘ail + lOgBR_gb_fmns

Cumulative (-3.33, 18.33, [0, 1.67, 3.33, 5, 6.67,
8.33, 10, 11.67, 13.33, 15], [0.105, 0.235, 0.515,
0.835, 0.935, 0.975, 0.995, 0.997, 0.999, 1] (V)¢

941+ (—1.23 x 105 x pwmc’“’)

Bernoulli (0.16)

Cumulative (0, 336, [24, 72, 168, 336], [0.416,
0.851, 0.941, 1]) (V)¢
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75 max

AbSmax

F5(t)
logBR_int_home
CBR_int_jome

lOgBR_nmlinf_lwma

CBR_nmlin[_lwma

Maximum specific growth rate of
E. coli in beef cuts during fridge
storage at home

Lag phase duration of E. coli in
beef cuts during fridge storage at
home

Intermediate factor for beef cuts
during fridge storage at home

Maximum increase of BR-EC
during fridge storage of intact beef
cuts at home

Concentration of BR-EC on intact
beef cuts after fridge storage at
home

Maximum increase of BR-EC
during fridge storage of non-intact
beef cuts at home

Concentration of BR-EC on non-
intact beef cuts after fridge storage
at home

At home — contamination of ground beef

ind_gb_home

Tim€gb_/l()nla

Indicator of storage

type of

ground beef, 1 = fridge, 0 = freezer

Fridge storage time of ground beef
at home

logio
CFU/hour

hour

logio CFU/g

logio CFU/g

logio CFU/g

logio CFU/g

hour

refer to Equation (3), where T = Thome

If Thome > E)bs, refer to Equatlon (4), where T =
ploma} Oﬂlerwise, QOc

. 1 _ ;
Timepome + —— In(e ™S maxXTimenome 4
TS5max

e_rsmaxX/lsmax -

e—rsmaxxTimehume—rsmaxxlsmax)

If CBR_inf_fnms # -100 & ASmax > Timelloma,
e"SmaxFs(t) _q
"Smax X F5(6) = In(1+ )

otherwise, 0

CBR_inf_frmls + lOgBR_inf_lwma

If CBR_nmlinf_z‘mns # -100 & Abmar > Timelloma,
"Smax X F5(¢) = In (1 +

erSmaxF5(t) _q

) ; otherwise, 0

e¥3max— CBR nonint_trans

CBR_IZ()Iliilf_f7u115+ lOgBR_nmlin[_lwme

Bernoulli (0.11)

Cumulative (0, 168,[24, 72, 168], [0.38, 0.85, 1]
(V)e
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76 max Maximum specific growth rate of loguo refer to Equation (5), where T = Thome [24]
E. coliin ground beef during fridge ~CFU/hour
storage at home
Ab6max Lag phase duration of E. coli in hour If Thome> Tobs, refer to Equation (6), where T=  [24]
ground beef during fridge storage Thome; otherwise, Oc
at home
Fo6(t) Intermediate factor for ground - Timegpy home + rﬁl In(e "0max*TiMmegn nome 4 [25]
beef during fridge storage at home e~ T6maxAbmax _
e_rﬁmaxXTimegb_hume_rﬁmaxX/lﬁmax)
lOgBR_gb_lwme Maximum increase of BR-EC logm CFU/g If CBR_gb_fmns # -100 & Abmax > Timelwma, [25]
. T6maxFe(t) _
during home storage of ground T6max X F6(t) — In (1 + m) ;
beef otherwise, 0
CBR_gb_lwma Concentration of BR-EC in ground logm CFU/g CBR_gb_fmns + lOgBR_gb_lwme -

beef after home storage

aU - uncertainty; V - variability.

b This distribution was obtained by fitting empirical data via the @Risk 7.5 distribution fitting tool. The best-fitting distribution was selected based on the Akaike
information criterion (AIC) statistics. Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability
proportionally across the remaining range between min. and max. The observed min. and max. from empirical studies were used as the truncation boundaries.

<Lag phase duration was set to 0 at temperature lower than Tos.
4The observed max. from empirical studies were used as the truncation boundary.

¢ Cumulative (minimum, maximum, [X1, X2, ..., Xn],[p1, p2, ..., pn]: cumulative distribution with n points between minimum and maximum, with cumulative
ascending probability p for each X value.
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Table S8. Summary of input variables for the “cooking” module, the distribution/calculation of the input variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)2 Reference
Teook Internal temperature of beef cuts °C Normal (69.3, 13.7) (V), truncated [28]
during cooking between 27 and 138

Cooking — contamination of intact beef cuts

KOint Regression coefficient — intact beef logi CFU/g ~ -1.24 [19]
cuts

Klint Regression coefficient — intact beef loguo 0.09 [19]
cuts CFU/g °C

logint_cook log reduction of E. coli on intact logiw CFU/g  KOint + KLint x Teook [19]
beef cuts

CBR_int_cook Concentration of BR-EC on intact CFU/g If Csr_int_home = -100, 0; otherwise, -
beef cuts after cooking 10¢BR int home=l0Gint cook

Cooking — contamination of non-intact beef cuts

KOnonint Regression coefficient — non-intact logw CFU/g  -1.52 [19]
beef cuts

K nonint Regression coefficient — non-intact  loguo 0.091 [19]
beef cuts CFU/g °C

logilmliilz‘_(‘()()k log reduction of E. coli on non- logm CFU/g KOnonint + Kl nonint x Tcook [19]
intact beef cuts

CBR_nmlinz‘_mok Concentration of BR-EC on non- CFU/g If CBR_nmlinf_lloma = —100, 0; Oﬂ”lerwise, -
intact beef cuts after cooking 10CBR_nonint home=10Gnonint_cook

Cooking — contamination of ground beef

Tgb_cook Internal temperature of ground °C Weibull (7.03, 78.1, Shift(-3.07)) (V), [19,28]
beef during cooking truncated between 26.07 and 102.07°
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KOgb Regression coefficient — ground logw CFU/g  -10.2 [19]

beef

K1g Regression coefficient — ground logu 0.21 [19]
beef CFU/g °C

loggb_cook log reduction of E. coli in ground logw CFU/g KOs + K1gb x Tgb_cok [19]
beef

CBR_gb_cook Concentration of BR-EC in ground CFU/g If Csr_gb_home = -100, 0; otherwise, -
beef after cooking 10CBR_gb-home=10ggb_cook

a U - uncertainty; V - variability.

b Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability proportionally across the remaining
range between min. and max. The observed min. and max. from empirical studies were used as the truncation boundaries.
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Table S9. Summary of input variables for the “cross-contamination after cooking” module, the distribution/calculation of the input variables and evidence sources.

Variable Description Unit Distribution/calculation (U/V)? Reference

Woe Recommended beef cuts serving g 227 [32]
size

Wb Recommended ground beef g 85 [33]
serving size

Cross-contamination from raw meat to hands

P Proportion of bacteria proportion Pert (0.011, 0.065, 0.261) (V) [31]
transferred from raw meat to
hands

CBR_iilf_rll Number of BR-EC transferred CFU/g If CBR_inf_lwma# —100, P x 1OCBR_int_hume; -
from raw intact beef cuts to otherwise, 0
hands

CBR_IZ[)Tliilf_TIl Number of BR-EC transferred CFU/g If CBR_nmlinz‘_lwma #* —100, Prn x =
from raw non-intact beef cuts to 10CBRnonint home; otherwise, 0
hands

CBR_gb_rh Number of BR-EC transferred CFU/g If CBR gb_tome # -100, Pm x 10€BRgbhome; _
from raw ground beef to hands otherwise, 0

Cross-contamination from raw meat to utensil

Pru Proportion of bacteria proportion Pert (0.03, 0.075, 0.309) (V) [31]
transferred from raw meat to
kitchen utensil

CBR_iilf_rlt Number of BR-EC transferred CFU/g If CBR_inf_lwma¢ —100, Pre x 1OCBR_int_hume; -
from raw intact beef cuts to otherwise, 0
kitchen utensil

CBR_nmlinf_m Number of BR-EC transferred CFU/g If CBR_nmlinf_lwma #* —100, Pre x =

from raw non-intact beef cuts to
kitchen utensil

10¢BRnoninthome;; otherwise, 0
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CBR_gb_m

Cross-contamination from contaminated hands to cooked meat

ind_hand

Pim

CBR_iilf_lluizd

CBR_nmlin[_llde

CBR_gb_Iu,md

Cross-contamination from contaminated utensil to cooked meat

ind_utensil
Pum
CBR_inf_u tensil

Number of BR-EC transferred
from raw ground beef to kitchen
utensil

Indicator of cleaning hands after
handling raw meat, 1 =wash, 0=
not wash

Proportion of bacteria
transferred from contaminated

hands to cooked meat

Number of BR-EC transferred
from contaminated hands to
cooked intact beef cuts

Number of BR-EC transferred
from contaminated hands to
cooked non-intact beef cuts

Number of BR-EC transferred
from contaminated hands to
cooked ground beef

Indicator of cleaning kitchen
utensil after treating raw meat, 1
=not clean, 0 = clean

Proportion of bacteria
transferred from contaminated

utensil to cooked meat

Number of BR-EC transferred
from contaminated utensil to
cooked intact beef cuts

CFU/g

proportion

CFU/g

CFU/g

CFU/g

proportion

CFU/g

If CBR_gb_Iwma # —100, Pre x 1OCBR_gb_hume;
otherwise, 0

Bernoulli (0.38)

Pert (0.001, 0.089, 0.529) (V)

If ind_hand = 1, 0; otherwise, CBRr_int_rn %
Pllm

If ind_hand = 1, 0; Otherwise, CBR_mminf_rll
% Phm

If ind_hand = 1, 0; otherwise, Csr_gb_m x
Pllm

Bernoulli (0.42)

Pert (0.105, 0.194, 0.424) (V)

If ind_utensil = 0, 0; otherwise, CBr_int_ru
X Pum

(81]

(31]

(81]

(31]
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CBR_nonint_utensil Number of BR-EC transferred CFU/g If ind utensii = 0, 0; otherwise,
from contaminated utensil to CBR_nmlin[_mXPum
cooked non-intact beef cuts

CBR_gb_utensil Number of BR-EC transferred CFU/g If ind_utensil = 0, 0; otherwise, Csr_gv_ru
from contaminated utensil to % Pum
cooked ground beef

Risk estimates

NBR_inf Final number of BR-EC on CFU/Seerg (CBR_inf_amk + CBR_iilf_lluild + CBR_iilf_ztf@ilsil) X
cooked intact beef cuts Whe

NBR_mmin[ Final number of BR-EC on CFU/Seerg (CBR_mminf_amk + CBR_nmlin[_llde +
cooked non-intact beef cuts CBR_ill)iliil[_ltfailsil) x Whe

NBR_XZJ Final number of BR-EC in CFU/Seerg (CBR_gb_amk + CBR_Xb_Ilmld + CBR_gb_ufansil) X
cooked ground beef Web

a U - uncertainty; V - variability.
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Table S10. Summary of the estimated parameters of the input variables, log OR and MD, in the quantitative microbial exposure assessment (QMEA) model, using

the random-effects meta-analysis (MA) approach

Variable MA outputs for estimating Truncation boundary Distribution Reference
QMEA model input variable
distributions
Mean of Within- Between- Observed 95% prediction Range of 95%
the study study min. and max. interval of MA confidence
pooled  standar variance  effect sizes in estimates® interval across
effect d error (%) MA studies® MA studies
size (1)  (se) (Used as the
truncation
boundaries)*
log OR
IF - Impact factor of 0.62 0.19 1.0009 -1.34, 4.26 -1.37,2.62 -3.61, 7.07 Lognorml2¢(0.62, 1.02), [56-66]
BR-EC  prevalence truncated between -
between RWA and 3.61 and?7.07
CONYV feces
L_ORp_Ecoli_farm - 159 0.40 1.0799 -3.52, 3.48 -0.59, 3.77 -6.46, 4.74 Lognorml2¢(1.59, 1.11), [8,67-72]
Transfer ratio of E. truncated between -
coli prevalence from 6.46 and 4.74
feces to hides at
feedlot in  low
shedding season
H_ORp_Ecoli_farm - -0.18 0.28 1.0868 -2.13,3.19 -2.29,1.94 -4.81, 6.05 LognormI2d (-0.18,
Transfer ratio of E. 1.08), truncated
coli prevalence from between -4.81 and 6.05
feces to hides at
feedlot in  high
shedding season
L_ORun_farm_plant - 219 0.45 0.3337 0,3.52 0.76, 3.63 -3.95, 6.46 Lognorml24(2.19, 0.73), [8,67-69,77]

Transfer ratio of E.
coli prevalence from
hides at feedlot to
hides

sampled

immediately
pre-
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dehiding in low
shedding season

H_ORun_farm_plant -
Transfer ratio of E.
coli prevalence from
hides at feedlot to
hides
sampled pre-
dehiding
shedding season

L_ORuc_nide_carc -
Transfer ratio of E.

immediately

in high

coli prevalence from
hide pre-dehiding to
carcass pre-
evisceration in low
shedding season

H_ORuc_hide_carc -
Transfer ratio of E.
coli prevalence from
hide pre-dehiding to
carcass pre-
evisceration in high
shedding season

ORce_preevis_final -
Transfer ratio of E.
coli prevalence due

to evisceration

MD (logio CFU)

MDp_BR_plant -
Transfer factor of
BR-EC concentration

0.60

-3.47

-4.35

-2.82

0.38

0.48

0.77

1.04

0.69

0.49

1.9453

4.3549

9.8968

2.9961

0.695

-1.15, 6.00

-7.45,-1.13

-10.01,0

-7.76,0

-0.59, 0.89

-2.29, 3.50 -4.41, 8.85
-7.83, 0.89 -10.69, 2.10
-10.85, 2.14 -13.94, 3.93
-6.47, 0.83 -10.70, 3.93
-1.51,2.27 -0.83, 1.23
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LognormI2¢ (0.60, 1.47),
truncated between -

441 and8.85
LognormI2d (-3.47,
2.22), truncated

between -10.69 and
2.10

LognormI2d (-4.35,
3.31), truncated
between -13.94  and
3.93

LognormI24 (-2.82,
1.86), truncated
between -10.70 and 3.93

Normal (0.38, 1.01),
truncated between -
0.83 and 1.23

[8,67,69,78,82]

[8,20]

(8]



from feces to hides at
processing plant

M Drc_BR_hide_carc -
Transfer factor of
BR-EC concentration
from hides pre-
dehiding to carcass
pre-evisceration

1.72 0.67 0.876 1.05,2.39 -0.53, 3.98

0.77,2.60 Normal (1.72, 1.15),
truncated between 0.77
and 2.60

a Minimum and maximum effect sizes reported in primary studies included in the MA

b Lower and upper limits of the 95% prediction interval of the pooled effect size
¢ Minimum of lower limits of 95% confidence intervals and maximum of upper limits of 95 confidence interval across primary studies in the MA
¢ Lognorm?2 (u, o) represented the lognormal distribution with specified mean and standard deviation generated from the “logged” values of the distribution.

Truncation was conducted by discarding the values exceeding the restricted range and re-allocating the “lost” probability proportionally across the remaining range

between min. and max.
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Text S1. Fitting the odds ratio (OR) and logarithmic mean difference (MD) to lognormal and normal distributions
based on the results from the meta-analysis (MA)

To quantify the effect of a particular processing step on the contamination of E. coli of beef cattle, odds ratio
(OR) and logarithmic mean difference (MD, logio CFU scale) were introduced to measure the changes in the prevalence
and concentration between before and after the processing step, respectively. The term of odds was defined as the ratio
of the probability of E. coli-positive samples to the probability of E. coli-negative samples, and was expressed as P/(1 -
P), in which P referred to the prevalence, i.e., the proportion of samples being positive for resistant E. coli of the total
samples being tested in this case. The OR represented the ratio of the odds of being resistant E. coli positive after a
particular processing step, to the odds of the outcome before the processing step. The equations of OR and MD are
listed below:

Pipa X (1 =Py
Py X (1= Piyq)

OR= Equation S1

where Pi and P#1 are the prevalence (%) before and after a particular processing step;
MD= Ci-Cin Equation S2
where Ci and Cin1 are the concentrations (logi CFU) before and after a particular processing step.

Based on the relationship, the post-prevalence/concentration were predicted given the estimates of OR/MD
and pre-prevalence/concentration, as follows.

ORXP;
1-P;+ORXP;

Equation S3

Piy1 =
Ciz1=C;—MD Equation $4

Instead of using the reported prevalence or concentration data from a single empirical study to calculate the
OR or MD using Equation S1 or S2, MA approach was used to estimate the effects of various processing steps on the
contamination changes in E. coli by fitting reported effect sizes from multiple relevant primary studies via random-
effects model, considering both between- and within-study variance [83].

The relevant primary studies were identified through comprehensive literature reviews (CLR). Briefly, the
procedure of CLR can be summarized as: first, the research question of our interests was proposed as “what is the
impact of commercial processing steps on the population changes in contamination of 3-lactam resistant E. coli or other
E. coli strains in cattle”; second, the search strategy was determined with three main concepts regarding the research
question: E. coli, cattle, and decontamination/intervention/processing; third, the searching keywords and syntax
relevant to the research question were developed based on the selected bibliographic databases, including PubMed
and Web of Science Core Collection; last, the screening of relevance was performed according to pre-structured
inclusion-exclusion criteria. The primary studies were considered relevant and included in MA if information pertinent
to the prevalence and/or concentration changes of E. coli due to a particular cattle processing step in the farm-to-abattoir
continuum was reported. Summary statistics and relevant information, particularly the number of E. coli-positive
samples, the sample size, mean concentration in logio CFU scale, standard deviation/error and 95% confidence interval
of concentration, and sampling season, were manually extracted, organized and stored in a Microsoft Excel® 2013
spreadsheet (Microsoft Corp., Redmond, WA). In addition, antibiotic resistance profile of E. coli (3-lactam resistant or
generic) was also collected, regardless of pathogenicity. Other biobibliographical information, such as first author, year
of publication, and geographical location were collected as the identification of eligible studies. Due to the large number
variables that required CLR for data collection, swift literature reviews were conducted to fulfill the purpose of model
development. Different from a typical systematic review process, only one reviewer conducted the step of relevance
screening and data extraction/verification. Whenever a question was raised by the primary evidence reviewer,
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discussion with a senior author was made for make a final decision. Studies included in each MA can be find in Table
$10 and Figures S1-S10.

With raw data extracted from published primary studies, MA was conducted to fit the distributions of OR
and MD using random-effects model [84], assuming that the true log OR and MD followed normal distributions (u, ?).
Random-effects MA was executed in R 3.4.0 using the “metafor” package [85]. The parameter of i was reported as the
“average” true effect estimate of the aggregate log OR or MD, and the variance (0?) around the point estimate was
calculated as se?+ 12 reported in the outputs. Here 72 models the between-study variation. However, using 12 itself as
an estimator of 02 may underestimate the variability of the true log OR or MD of new studies, because it does not
account for the uncertainty in estimating 1, which is se2. Mathematically, se? is largely driven by within-study variation
on ¢? due to sampling error. Details about the estimation results are summarized in Table S10 and displayed in the
form of forest plots (Figures S1-510). In our QMEA model, the change in E. coli concentration (MD) was estimated
separately for generic and {3-lactam resistant E. coli, assuming the great difference in naturally-occurring microbial
loads between generic and resistant E. coli may largely influence the change in microbial load due to a specific
processing step.

Outputs related to heterogeneity estimates and tests in MA showed significant heterogeneity commonly
existed for the log OR and MD estimates across primary studies. Heterogeneity was quantified by I?>-statistic
representing the amount of total variation across studies caused by heterogeneity rather than chance, and tested by
Cochrane’s Q-statistic [86]. Heterogeneity with I between 75% and 100 % might be considerable important, while it
might not be important with I2 between 0 % and 40 % [83]. Except for L_ORn_jarm_piant with I < 40%, all the other MA
variables in our study were with an I? showing significant heterogeneity. The great heterogeneity across studies can be
a result of the difference in antibiotic administration, processing conditions, sampling design, microbiological testing
and other factors that are likely to occur in reality and lead to the naturally-occurring variation in effects on microbial
contamination among different cattle primary production and processing facilities. Hence, CLR and MA enable more
representative estimates of log OR and MD to capture the naturally-occurring variation.

Our applications of CLR and MA allow for generating the distributions of log OR and MD by taking into
consideration the “full” variation at a great extent. However, it is also equally important to avoid the extreme values
in the distributions that are unlikely to occur in reality, as the impossible values may bias QMEA final output estimates.
Truncation techniques were applied to set the boundaries of distributions to rule out extreme values. The truncation
boundaries were determined as the lower and upper limits of the 95% confidence intervals of primary studies included
in the random-effects MA, which can be found from Figures S1-S10 and Table S10. This truncation approach allows
for a wide range for capturing all the observations reported in the primary studies included in MA. In addition, it even
covers a wider range than the 95% prediction interval of the aggregate effect size, indicating a strong capability to
capture the possible underlying effect in a new study that is similar to but covered in the MA.

Text S2. Fitting the prevalence of BR-EC in RWA feces at the feedlot (Pr_sr_rwa) to a beta-binomial mixture
distribution using a hierarchical model

To evaluate the impact of antimicrobial use on the occurrence of BR-EC in cattle production system, a CLR
was conducted to collect data to compare the presence of BR-EC in the feces of beef cattle raised in CONV vs RWA
farms. Based on data obtained from this CLR, the impact factor of BR-EC prevalence between RWA and CONYV feces
(IF) was estimated. As the referent group for estimating IF, prevalence of BR-EC in the feces of RWA cattle reported in
multiple primary studies were retrieved. IF and BR-EC prevalence in RWA cattle feces were incorporated in the QMEA
model as input variable, based on which, BR-EC prevalence in CONV cattle can be estimated. The estimation of
distribution parameters of IF was described in Table S10. The estimation of input variable distribution for the
prevalence of BR-EC in RWA feces is described here.

Critical statistics, including sampling month, the number of positive samples, and the sample size, were
extracted from eligible studies, and then stored in Microsoft Excel® 2013 spreadsheets. Other identification information
of the eligible studies, such as the first author, year of publication, country was extracted as well. Previous studies have
shown a great seasonal impact on the BR-EC shedding in cattle [16]. Hence, sampling months were categorized into
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high shedding season (June to September) and low shedding season (October to May). Studies lacking information
about the sampling season were assumed to have a 50%-50% chance of the two shedding periods.

The unobserved true prevalence conditional on sampling seasons was assumed to follow a beta distribution
with two parameters determining the shape of distribution. Distribution shape parameters were obtained by fitting the
extracted data to the beta-binomial mixture model using maximum likelihood estimation. Therefore, the outcome of
Pr_sr_rwa was expressed as two beta distributions, one modelled the prevalence in high shedding season, and the other
one was for that in low shedding season. For samples with unknown sampling season, a 0.5-0.5 mixture of the two beta
distributions was assumed. Note that these models are for the unobserved "true prevalence", not the observed sample
prevalence. The shape parameters generated by R 3.4.0 were 0.41 and 1.07 for high shedding season (H_Ps sr_rwa), and
1.29 and 2.00 for low shedding seasons (L_Pr sr_rwa), respectively.
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After Before

Author,Year,Country,Trial.ID tpos tneg cposcneg Weight Log Odds Ratio [95% Cl]
IF :

Checkley, 2010, Canada, 11_2 12 82 9 87 [ 2.99% 0.33[-0.56, 1.23]
Checkley, 2010, Canada, 11_1 19 73 9 87 - 3.06% 0.89[0.06, 1.73]
Alexander, 2008, Canada, 10_5 95 458 63 634 ‘m 3.51% 0.73[0.39, 1.07]
Alexander, 2008, Canada, 10_4 63 395 63 634 | 349% 0.47[0.10, 0.84]
Alexander, 2008, Canada, 10_3 78 378 63 634 ] | 3.50% 0.73[0.37, 1.08]
Alexander, 2008, Canada, 10_2 86 586 63 634 u 3.51% 0.39[0.04, 0.73]
Alexander, 2008, Canada, 10_1 252 433 63 634 P om 3.53% 1.76 [ 1.46, 2.06]
Walk, 2007, USA, 9_1 75 485 54 507 m 3.49% 0.37[0.00, 0.74]
Sato, 2005, USA, 8_1 93 502 52 544 i 3.50% 0.66[0.30, 1.02]
Cho, 2006b, USA, 7_2 1 177 1 165 —— 1.54% -0.07 [-2.34, 2.20]
Cho, 2006b, USA, 7_1 1 270 1 165 —e— 154% -0.49[-2.76, 1.78]
Cho, 2006a&2007, USA, 6_2 3 175 1 457 ] 1.85% 1.81[-0.12, 3.73]
Cho, 2006a&2007, USA, 6_1 1 1749 1 457 —— 1.55% -1.34[-3.61, 0.92]
Berge, 2006, USA, 4_12 90 0 65 25 | 1.18% 4.26[1.44, 7.07]
Berge, 2006, USA, 4_11 90 0 74 16 — 1.17% 3.69[0.86, 6.52]
Berge, 2006, USA, 4_10 12 78 27 63 HH: 3.16% -1.00[-1.75, -0.25]
Berge, 2006, USA, 4_9 90 0 76 14 f—— 1.17% 3.54[0.70, 6.37]
Berge, 2006, USA, 4_8 90 0 69 21 Po—— 1.18% 4.03[1.20, 6.85]
Berge, 2006, USA, 4_7 12 78 34 56 : 3.18% -1.34[-2.08, -0.61]
Berge, 2006, USA, 4_6 70 20 65 25 3.24% 0.29[-0.38, 0.96]
Berge, 2006, USA, 4_5 85 5 74 16 2.85% 1.24[0.22, 2.25]
Berge, 2006, USA, 4_4 31 59 27 63 3.29% 0.20[-0.42, 0.82]
Berge, 2006, USA, 4_3 70 20 76 14 3.16% -0.43[-1.17, 0.32]
Berge, 2006, USA, 4_2 85 5 69 21 2.88% 1.57[0.58, 2.56]
Berge, 2006, USA, 4 31 59 34 56 3.30% -0.14 [-0.75, 0.46]

w
NON
N
[o+]

Agga, 2016, USA, 75 28 103 3.25% -0.12[-0.77, 0.54]

HH
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Agga, 2016, USA, 3_3
Agga, 2016, USA, 3_2 9 18 9 27 2.78% 0.40 [-0.68, 1.47]
Agga, 2016, USA, 3_1 5 11 6 9 2.37% -0.36 [-1.78, 1.07]

(]

Lowrance, 2007, USA, 2_3 138 100 41 682
Lowrance, 2007, USA, 2_2 77 163 41 682
Lowrance, 2007, USA, 2_1 47 193 41 682
Sharma, 2008, Canada, 1
Sharma, 2008, Canada, 1

1

1

| 3.47% 3.12[2.72, 3.53]
3.46% 2.05[1.64, 2.47]

3.44% 1.40[0.95, 1.84]

2.86% 1.10[0.09, 2.11]

3.02% -0.49[-1.36, 0.38]

3.00% 0.10[-0.79, 0.99]

3.00% -0.90[-1.79, -0.01]
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2
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Sharma, 2008, Canada,
Sharma, 2008, Canada,

25 15 24 16
14 26 23 17

Random effect model for all studies,
Heterogeneity: 1"2=91.45%, tau"2=1.0009, Q(df=35)=368.7417(p < 0.0001;)’

I T B T 1
-8 -35 1 55 10

Log Odds Ratio

100.00% 0.62[0.25, 1.00]

Figure S1. Forest plot for eligible studies used to fit the impact factor of BR-EC prevalence between RWA and CONV
feces (IF).

Note: tpos/tneg - the number of positive/negative samples in CONV group; cpos/cneg- the number of positive/negative
samples in RWA group.
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After Before

Author,Year,Country,Trial.ID tpos theg cposcneg Weight Log Odds Ratio [95% CI]
L_Oth_EcoIi_farm :

Arthur, 2007, USA, 4_2 23 58 7 74 s o 12.36% 1.38[0.49, 2.27]
Arthur, 2007, USA, 4_1 109 40 11 138 HiH 13.16% 3.48[2.78, 4.18]
Schmidt, 2015, USA, 3_3 36 0 36 0 .—.—. 3.10% 0.00 [-3.95, 3.95]
Schmidt, 2015, USA, 3_2 36 0 34 2 ——— 450% 1.67[-1.41, 4.74]
Schmidt, 2015, USA, 3_1 36 0 34 2 i 450% 1.67[-1.41, 4.74]
Wells, 2009, USA, 2_4 382 511 78 808 i om 14.47% 2.04[1.77, 2.31]
Wells, 2009, USA, 2_3 584 414 158 730 m 14.56% 1.87[1.66, 2.08]
Wells, 2009, USA, 2_2 129 1273 20 1313 -, 13.97% 1.87[1.40, 2.35]
Wells, 2009, USA, 2_1 494 1012 198 1131 ‘m 14.60% 1.02[0.84, 1.21]
Fluckey, 2007, USA, 1_1 11 9 20 0+ —— 4.79% -3.52[-6.46, -0.59]

Random effect model for all studies,

Heterogeneity: 1'2=96.01%, tau*2=1.0799, Q(df=9)=95.4818(p < 0.0001) : I’ 100.00% 1.59[0.81, 2.37]

I 1
-8 -3.5 1 5.5 10

Log Odds Ratio

Figure S2. Forest plot for eligible studies used to fit the transfer ratio of E. coli prevalence from feces to hides at the
feedlot in the low-shedding season (L_ORp:_Ecli_farm).
Note: tpos/tneg - the number of positive/negative samples in hides group; cpos/cneg- the number of positive/negative

samples in feces group.
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After Before
Author,Year,Country,Trial.ID tpos tneg cposcneg Weight Log Odds Ratio [95% Cl]

H_Oth_Ecoli_farm

Arthur, 2007, USA, 6_1 12 44 4 52 - 554% 1.19[0.04, 2.34]
Dewell, 2008, USA, 5_1 48 737 53 742 | 7.02% -0.09[-0.49, 0.31]
Schmidt, 2015, USA, 4_6 74 0 74 0 — 1.55% 0.00 [-3.93, 3.93]
Schmidt, 2015, USA, 4_5 60 14 45 29 HH 6.45% 1.00[0.26, 1.73]
Schmidt, 2015, USA, 4_4 74 0 64 10 ] 247% 3.19[0.33, 6.05]
Schmidt, 2015, USA, 4_3 74 0 74 0 —— 1.55% 0.00 [-3.93, 3.93]
Schmidt, 2015, USA, 4_2 68 6 73 1 |—-—| 4.09% -1.54[-3.34, 0.27]
Schmidt, 2015, USA, 4_1 74 0 74 0 — 1.55% 0.00 [-3.93, 3.93]
Ransom, 2003, USA, 3_8 29 44 33 40 HH 6.62% -0.22[-0.87, 0.43]
Ransom, 2003, USA, 3_7 17 56 10 63 - 6.23% 0.63[-0.22, 1.47]
Ransom, 2003, USA, 3_6 6 67 0 73 e 242% 2.65[-0.25, 5.55]
Ransom, 2003, USA, 3_5 15 58 11 62 . 6.23% 0.36 [-0.48, 1.21]
Ransom, 2003, USA, 3_4 12 61 24 49 - 6.37% -0.89 [-1.67, -0.11]
Ransom, 2003, USA, 3_3 5 68 19 54 [ 5.86% -1.49 [-2.51, -0.48]
Ransom, 2003, USA, 3_2 5 68 1 72 b 4.04% 1.36[-0.48, 3.19]
Ransom, 2003, USA, 3_1 5 68 2 71 e 467% 0.83[-0.70, 2.36]
Stephens, 2007, USA, 2_4 9 51 30 30 H 6.21% -1.69 [-2.55, -0.84]
Stephens, 2007, USA, 2_3 3 57 15 45 I—I—| 537% -1.72[-2.95, -0.50]
Stephens, 2007, USA, 2_2 4 56 24 36 - 568% -2.13[-3.22, -1.04]
Stephens, 2007, USA, 2_1 6 54 12 48 }-H 5.83% -0.77 [-1.79, 0.25]
Fluckey, 2007, USA, 1_2 20 0 19 1 |—-—| 206% 1.15[-2.11, 4.41]
Fluckey, 2007, USA, 1_1 8 2 20 0 F—e— 221% -1.71[-4.81, 1.39]
Random effect model for all studies,

Heterogeneity: 1"2=79.39%, tau’2=1.0868, Q(df=21)=78. 9288(p<000019 100.00% -0.18 [-0.73, 0.37]

T | T | 1
-8 -35 1 55 10

Log Odds Ratio

Figure S3. Forest plot for eligible studies used to fit transfer ratio of E. coli prevalence from feces to hides at the feedlot
in the highshedding season (H_ORp:_Ecoi_farm).

Note: tpos/tneg - the number of positive/negative samples in hides group; cpos/cneg- the number of positive/negative
samples in feces group.
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After Before
Author,Year,Country,Trial.ID tpos theg cposcneg Weight Log Odds Ratio [95% CI]

L_OR hh_farm_plant

Arthur, 2007, USA, 3_2 72 9 23 58 HH 39.09% 2.94[2.12,3.77]
Arthur, 2007, USA, 3_1 142 7 109 40 HIH 39.44% 1.95[1.13,2.77]
Schmidt, 2015, USA, 2_3 3 0 36 0 |—-—+ 4.56% 0.00 [-3.95, 3.95]
Schmidt, 2015, USA, 2_2 3 0 36 0 |—.—4 4.56% 0.00 [-3.95, 3.95]
Schmidt, 2015, USA, 2_1 3 0 36 0 |—.—1 4.56% 0.00 [-3.95, 3.95]
Fluckey, 2007, USA, 1_1 20 0 11 9 »—-—| 7.78% 3.52[0.59, 6.46]

Random effect model for all studies, :
Heterogeneity: 1"2=32.94%, tau"2=0.3337, Q(df=5)=7.5926(p = 0.1802) : @ 100.00% 2.19[1.32,3.07]
| T T T |
-8 -3.5 1 55 10
Log Odds Ratio
Figure S4. Forest plot for eligible studies used to fit the transfer ratio of E. coli prevalence from hides at the feedlot to

hides sampled immediately before dehiding in the low-shedding season (L_ORui_farm_plant).
Note: tpos/tneg - the number of positive/negative samples in pre-dehiding hides group; cpos/cneg- the number of
positive/negative samples in feedlot hides group.
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After Before
Author,Year,Country,Trial.ID tpos theg cposcneg Weight Log Odds Ratio [95% Cl]

H_Oth_farm_plant

Arthur, 2007, USA, 5_1 5 0 12 44 e 5.66% 6.00[3.14, 8.89]
Dewell, 2008, USA, 4_1 50 734 48 737 . 11.58% 0.04 [-0.36, 0.45]
Schmidt, 2015, USA, 3_6 74 0 74 0 I—'—| 3.85% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 3_5 74 0 60 14 P 569% 3.58[0.74, 6.41]
Schmidt, 2015, USA, 3_4 74 0 74 0 |—-—| 3.85% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 3_3 74 0 74 0 I—'—l 3.85% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 3_2 74 0 68 6 I—l—| 5.58% 2.65[-0.25, 5.54]
Schmidt, 2015, USA, 3_1 74 0 74 0 I—-—| 3.85% 0.00[-3.93, 3.93]
Fluckey, 2007, USA, 2_2 19 1 20 0 }—-—{ 488% -115[-4.41, 2.11]
Fluckey, 2007, USA. 2_1 0 0 18 2 |——.—| 517% 171[-1.39, 4.81]
Kalchayanand, 2009, USA, 1_4 171 54 208 48 I.I 11.54% -0.31[-0.75, 0.12]
Kelchayanand, 2000, USA, 1.3 174 51 204 52 - 11.54% ~0.14 -0.57, 0.29
Kalchayanand, 2009, USA, 1_2 176 49 175 81 . 11.57% 0.50[0.09, 0.91]
Kalchayanand, 2009, USA, 1_1 177 48 236 20 HIH 11.37% -1.15[-1.70, -0.60]

Random effect model for all studies, o
Heterogeneity: 1"2=92.50%, tau*2=1.9453, Q(df=13)=52.5047(p < 0. 00011‘ 100.00% 0.60 [-0.34, 1.54]

T T T T |
-8 -3.5 1 5.5 10

Log Odds Ratio
Figure S5. Forest plot for eligible studies used to fit transfer ratio of E. coli prevalence from hides at the feedlot to hides
sampled immediately before dehiding in the high-shedding season (H_ORu_urm_plant).

Note: tpos/tneg - the number of positive/negative samples in pre-dehiding hides group; cpos/cneg- the number of
positive/negative samples in feedlot hides group.
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After Before
Author,Year,Country,Trial.ID tmean tsd cmean csd Weight MD [95% CI]

M th_BR_pIant

Schmidt,2015,USA, 1_3 209095 15 05 l 33.43% -0.59 [-0.83, -0.35]
Schmidt,2015,USA, 1_2 059 065 144 04 - 33.79% 0.85[0.68, 1.02]
Schmidt,2015,USA, 1_1 0.75 0.86 1.64 0.57 m 32.78% 0.89[0.55, 1.23]

Random effect model for all studies,

Heterogeneity: 1"2=97.83%, tau"2=0.695, Q(df=2)=96.316(p < 0.001) "I | | 100.00% 0.38 [-0.57, 1.34]

-8 -3.5 1 55 10

Mean Difference

Figure S6. Forest plot for eligible studies used to fit the transfer factor of BR-EC concentration from feces to hides at
the processing plant (MDs._sr_piant).

Note: tmean/tsd - the average concentration/standard deviation in hides group; cmean/csd - the average
concentration/standard deviation in feces group.
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After Before
Author,Year,Country,Trial.ID tpos theg cpos cheg Weight Log Odds Ratio [95% Cl]

L_ORhc_hide_carc

Arthur, 2007, USA, 5_2 2 79 72 9 —— 12.08% -5.49[-6.92, -4.06]
Arthur, 2007, USA, 5_1 20 129 142 7 HiH 12.96% -4.79[-5.66, -3.92]
Schmidt, 2015, USA, 4_3 35 1 36 0 I—-——| 8.34% -1.13[-4.36, 2.10]
Schmidt, 2015, USA, 4_2 3 33 36 0 €4=— 8.81% -6.55[-9.55, -3.55]
Schmidt, 2015, USA, 4_1 1 35 3 0 €4— 8.34% -7.45[-10.69, -4.22]
Fluckey, 2007, USA, 3_1 13 7 20 0 |—-—| 8.93% -3.13[-6.07, -0.18]
Brichta—Harhay, 2008, USA, 2_2 148 612 383 377 [ ] 13.51% -1.43[-1.66, -1.20]
Brichta—Harhay, 2008, USA, 2_1 108 652 328 432 [ ] 13.50% -1.52[-1.77,-1.27]
Bosilevac, 2009, USA, 1_1 662 1333 1414 581 ] 13.54% -1.59[-1.72, -1.45]

Random effect model for all studies, 100.00% -3.47[-4.97, -1.96]

-

Heterogeneity: 1"2=99.11%, tau"2=4.3549, Q(df=8)=106.5904(p < 0.0001);
-8 -3.5 i1 55 10

I I Log Od!:ls Ratio ' I

Figure S7. Forest plot for eligible studies used to fit the transfer ratio of E. coli prevalence from the hide pre-dehiding
to the carcass pre-evisceration in the low-shedding season (L_ORuc_nite_carc).

Note: tpos/tneg - the number of positive/negative samples in pre-evisceration carcass group; cpos/cneg- the number of
positive/negative samples in pre-dehiding hides group.
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After Before
Author,Year,Country,Trial.ID tpos tneg cpos cheg Weight Log Odds Ratio [95% Cl]

H_ORhc_hide_carc

Arthur, 2007, USA, 4_1 6 50 5% 0 <¢=— 9.02% -6.78[-9.68, -3.88]
Schmidt, 2015, USA, 3_6 74 0 74 0 I—-—i 7.83% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 3_5 2 72 74 0 <€—i 8.85% -8.37 [-11.43, -5.32]
Schmidt, 2015, USA, 3_4 57 17 74 0 |—a—o 9.10% -3.82[-6.65, -0.98]
Schmidt, 2015, USA, 3_3 74 0 74 0 |—.—1 7.83% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 3_2 0 74 74 0 < 7.83% -10.01[-13.94, -6.07]
Schmidt, 2015, USA, 3_1 2 72 74 0 <— 8.85% -8.37 [-11.43, -5.32]
Fluckey, 2007, USA, 2_2 10 10 19 1 |—-—| 10.09% -2.56 [ -4.43, -0.70]
Fluckey, 2007, USA, 2_1 1 19 20 0 <=—i 8.61% -6.28[-9.54, -3.02]
Brichta-Harhay, 2008, USA, 1_2 139 621 423 337 ] 11.00% -1.72[-1.95, -1.49]
Brichta-Harhay, 2008, USA, 1_1 113 647 294 466 n 11.00% -1.28[-1.53, -1.03]

Random effect model for all studies,
Heterogeneity: 1"2=98.63%, tau*2=9.8968, Q(df=10)=87.6422(p < 0.0001):
-8 =35 1 55 10

Log Odds Ratio

100.00% -4.35[-6.40, -2.31]

Figure S8. Forest plot for eligible studies used to fit the transfer ratio of E. coli prevalence from the hide pre-dehiding
to the carcass pre-evisceration in the high-shedding season (H_ORic_ide_carc).

Note: tpos/tneg - the number of positive/negative samples in pre-evisceration carcass group; cpos/cneg- the number of
positive/negative samples in pre-dehiding hides group.
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After Before
Author,Year,Country,Trial.ID tmean tsd cmean csd Weight MD [95% Cl]

MD hc_BR_hide_carc

Schmidt,2015,USA, 1_2 -03 0 2.09 0.95 | | 50.23% 2.39[2.17, 2.60]

Schmidt,2015,USA, 1_1 -03 0 0.75 0.86 e 49.77% 1.05[0.77,1.33]

Random effect model for all studies,

Heterogeneity: 1%2=98.17%, tau*2=0.876, Q(df=1)=54.526(p < 0.001) _: ~===— 100.00% 1.7210.41, 3.03]
T 1 11
1 2 5

Mean Difference
Figure S9. Forest plot for eligible studies used to fit the transfer factor of BR-EC concentration from the hide pre-
dehiding to the carcass pre-evisceration (MDhc_sR hide_carc).
Note: tmean/tsd - the average concentration/standard deviation in pre-evisceration carcass group; cmean/csd - the
average concentration/standard deviation in pre-dehiding hides group.
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After Before

Author,Year,Country,Trial.ID  tpos theg cposcneg Weight Log Odds Ratio [95% ClI]
ORcc_preevis_ﬁnal
Schmidt, 2015, USA, 2_9 68 6 74 0 |—-—1 9.12% -2.65[-5.54, 0.25]
Schmidt, 2015, USA, 2_8 1 73 2 72 I—I—i 11.59% -0.50[-2.54, 1.54]
Schmidt, 2015, USA, 2_7 1 73 57 17 —— 12.65% -5.06[-6.74, -3.37]
Schmidt, 2015, USA, 2_6 4 70 74 0 wmt— 9.01% -7.76 [-10.70, -4.82]
Schmidt, 2015, USA, 2_5 0 74 0 74 —— 6.73% 0.00[-3.93, 3.93]
Schmidt, 2015, USA, 2_4 0 74 2 72 1—-—| 8.71% -1.64[-4.69, 1.42]
Schmidt, 2015, USA, 2_3 19 17 35 1 —— 12.45% -3.05[-4.80, -1.30]
Schmidt, 2015, USA, 2_2 0 36 3 33 |—-—| 8.85% -2.03[-5.03, 0.97]
Schmidt, 2015, USA, 2_1 0 36 1 35 |—-——{ 8.26% -1.13[-4.36, 2.11]
Woerner, 2006, USA, 1_1 1 289 15 134 —— 12.64% -3.10[-4.79, -1.41]
Random effect model for all studies, -
Heterogeneity: 1"2=67.59%, tau"2=2.9961, Q(df=9)=26.3276(p = 0.0018) 100.00% -2.82[-4.17,-1.48]
[ T — T 1
-8 -35 1 55 10

Log Odds Ratio
Figure S10. Forest plot for eligible studies used to fit the transfer ratio of E. coli prevalence due to evisceration
(ORce_preevis_finat).
Note: tpos/tneg - the number of positive/negative samples in final carcass group; cpos/cneg- the number of
positive/negative samples in pre-evisceration carcass group.
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