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Supplementary Table S1. Parameters in the preharvest Escherichia coli 0157:H7 (ECO157)

model
Parameter Description (units) Distribution/Value Mean (5t; 95t Source
percentile)
t Day of the countdown period in the 0 < t < Modeldays - Calculated ©
difference equation model (1)-(6)
(day)
Aficla Area of the field (approximately 1- 6245 x 6245 = 39000025 - [36]
acre field) (cm?)
Apaten Area of a field that grows a romaine 6245 % 6245/12 = 3247400 - [36]
batch (“batch area”, 1/12 of the field
area) (cm?)
Npiant Number of plants harvested from the 26,000 - [36]
field (romaine plants)
Plant,,iqen The area that a single mature romaine | 25 x 25 = 625 - [51]
plant occupied on the field, length x
width of one plant (cm?)
Plants,qce The area allocated for one romaine 30 x 50 = 1500 - [36]
plant in the field (cm?)
Plantygreq Number of plants grown in a batch 17 x 125 = 2167 - [36]
area (romaine plants)
Plant,,gp, Weight of one mature romaine plant 300 - Assumption
() ¢
froc Select geographic location where the Discrete({CC,DR,Y},{0.6,0.1,0.3}) - [52,53,54]
romaine batches were grown
(unitless). Notations:
CC: Coastal Region and Central
Valley, CA
DR: Desert (Imperial) Region, CA
Y: Yuma Region, AZ
fmontn Select the month of harvest for the fmontn (fioe = CC) - [52,53]
given geographic location (unitless). = DUniform({4,5,6,7,8,9,10,11})
Notations: fmontn(fioe = DR) = DUniform({1,2,3,12})
January: 1, February: 2, March: 3, fmonen(fioe = Y) = DUniform({1,2,3,12})
April: 4, May: 5, June: 6, July: 7,
August: 8, September: 9, October:
10, November: 11, December: 12
fiw Select the source of irrigation water fw(fioe = CC) - [70]
(unitless). Notations: = Discrete({s,w},{0.11,0.89})
S: Surface water fw(fioe = DR)
W: Well water = Discrete({s,w},{0.30,0.70})
fwfioc =Y)
= Discrete({s,w},{0.90,0.10})
firr Select the irrigation type for the given | fi-(fioe = CC) - Author
geographic location (unitless). = Discrete({0, F, D},{0.4,0,0.6}) opinion ¢
Notations: firr(fioe = DR)
O: Overhead spray irrigation = Discrete({0, F, D},{0.2,0.5,0.3})
F: Furrow irrigation firr(fioc =Y)
D: Drip irrigation = Discrete({0, F, D},{0.08,0.92,0})
Modeldays Countdown period before harvest, 14 - [39]
modeled via a set of difference
equations (day)
edge Batch area was at the edge of the field . . 1 0.08 (0;1) Calculated ©
X Binomial (1, —)
and thus could be contaminated by 12
runoff (unitless): no=0 (baseline),
yes=1
Conan ECO157 count per g of BSAAO (CFU/g) | 10Uriform(3.184) 2.0 X 107(2.0 [36,60]
x 103, 1.3 X 10%)
SCuac Cattle vaccination intervention against | 0 - [93]
ECO157 (unitless): no=0 (baseline),
yes=1
Rh o Volume of 1g BSAAO/swine 2.5 - [64]
feces/cattle feces (cm3/g)
Dh.,y, Depth of tiling on the field (cm) Uniform(15,20) 17.50 (15.25;19.75) [65]




Moan Mass of BSAAO applied on the batch Uniform(5000000,15000000) 8.3 x 105 (4.6 [63]
area (g) 12 x 105, 1.2 x 10°)
DiFpan Dilution of ECO157 cells in BSAAQ in MmanXRheon - Calculated ©
the volume of the tilled soil batch AbatchXDhcon
layer (unitless)
Plman BSAAO was used (unitless): no=0, 0.1 - Author
yes=1 opinion ¢
Pran BSAAO applied on a field was Binomial(1, Pert(0,0.17,0.21)) 0.15 (0; 1) [60]
contaminated with ECO157 (unitless):
no=0, yes=1
Cranp ECO157 count in any BSAAO applied Pran X Plinan X Coan - Calculated ©
soil, which returns 0 CFU for a non-
contaminated soil and C,,,,, for a
contaminated soil (CFU/g)
Pirrg ECO157 prevalence in surface water Pert(0,0.08,0.21) 0.09 (0.03;0.16) 8]
(unitless)
Py ECO157 prevalence in well water 0.001 - Assumption
(unitless) ¢
Py Irrigation water contaminated with Binomial(1, P;,,.), where 0.04 (0;0) Calculated ©
ECO157 applied during the Piy(fy = W) = Pipyy,
countdown period (unitless): no=0, Pir(fiy = 8) = Pirrg
yes=1
Scye Water treatment intervention applied | 0 - Selected ©
prior to the overhead spray irrigation
(O) using surface water (S) (unitless):
None=0 (baseline), Ultra-Violet
(UV)=1, Peracetic Acid (PAA)=2,
Chlorine=3
Cirrg ECO157 count per ml of contaminated | 10Pert(©10.76177)+ Normal(-19,0.6Truncate(0)) where 0.08 (0.007; 1.09) [19,20,71]
surface water post treatment 10¢¢
(CFU/ml) CC(Sc,e =0)=10
CC(Scye =1) = CCyy
CC(Scye =2) = Clppy
CC(Scy: =3) = CCqy
Cirry ECO157 count per ml of contaminated | 0.1 - [19,20,34]
well water (CFU/ml)
Cirr ECO157 count per ml of contaminated | Cy.r(fy, = W) = Cypr, - Calculated ©
irrigation water applied on day t Cirr(fiy =8) = Cirg
(CFU/ml)
Cirrp ECO157 count on any irrigation water, | Py, X Cipr - Calculated ©
which returns 0 CFU for a non-
contaminated water and C,.,. for a
contaminated water (CFU/ml)
typeir Probability the selected irrigation type | type;..(firr = 0) = fO, - Calculated ©
was occurring on a given day (unitless) = Binomial(1, Pry)
typeirr(fur = F) = fF;
= Binomial(1,Prg)
typeirr(far = D) = fD,
= Binomial(1, Pryp, )
Pr, Probability of overhead spray 0.4 - (48]
irrigation on day t (unitless)
Prg Probability of furrow irrigation on day 0.1 - Author
t (unitless) opinion ¢
Prp, Probability of drip irrigation on day t 1 - Author
(unitless) opinion ¢
W, Volume of water applied through Uniform(1850222756,2466963675) X 0.51 | 7.7 x 10° (6.7 [48]
overhead spray irrigation to a romaine 30 X Pry x 12 % 10%; 8.6 X 10°)
batch per an irrigation event (ml/day)
We Volume of water applied through Uniform(2466963675,3083704593) X 0.51 | 3.9 x 107 (3.5 [48]
furrow irrigation to a romaine batch 30 x Pry X 12 x 107;4.3 X 107)
per an irrigation event (ml/day)
Wy Volume of water applied through drip | Uniform(1233481837,1850222756) X 0.51 | 2.2 x 10° (1.8 [48]

irrigation to a romaine batch per an
irrigation event (ml/day)

30 X Prp, x 12

x 105 2.6 X 10°)




Daytogrow | Days from seeding to harvest (day) Daytogrow(fi,. = CC) = Uniform(65,80) | 72 (65;79) [48]
Daytogrow(f,, = DR) = 130 -
Daytogrow(fi,c =Y) = 130 -
Dian Number of days before BSAAO Daytogrow - [19,20]
application (day)
Jirr Volume of water applied per an Girr(firr = 0) =W, - Calculated ©
irrigation event in a batch area Girr(firr = F) = Wg
(ml/day) girr(firr =D)= Wy
Vo Volume of irrigation water captured Uniform(1.8,21.6) 11.7 (2.8;20.6) [27]
per g of romaine per an overhead
spray irrigation event (ml/g/day)
Vi Volume of irrigation water captured 100 - Assumption
per romaine batch per a furrow ¢
irrigation event (ml/day)
Vp Volume of irrigation water captured 10 - Assumption
per romaine batch per a drip irrigation ¢
event (ml/day)
Vipr Volume of irrigation water captured Vipr (firr = 0) = Vy X Plantygreq - Calculated ©
by romaine batch per an irrigation X Plant,,gn,
event (ml/day) Vipr (firr =F) = Vg
Vi (firr =D) = Vp
TTnang Fraction of the top 1cm layer of soil BetaGeneral(0.4,0.8,0.05,16.4) 0.05 (0.0005;0.13) [73]
batch transferred to a romaine batch X Plantygreq
via splash caused by overhead spray Plant,, gnt Rhon
irrigation per irrigation event 5 Apaten X 1
(unitless)
TTnang Fraction of the top 1cm layer of soil 0.0005 - Assumption
batch transferred to a romaine batch c
via splash caused by furrow irrigation
per irrigation event (unitless)
Thnang Fraction of the top 1cm layer of soil 0.0001 - Assumption
batch transferred to a romaine batch c
via splash caused by drip irrigation per
irrigation event (unitless)
M, Mass of soil transferred to a romaine My (fire = 0) = TTinan, - Calculated ©
batch via splash per irrigation event My (firr = F) = Thiygn,
(g/day) My (firr = D) = Ttnany
TTecirr Fraction of ECO157 cells transferred 0.1 - Assumption
from irrigation water to romaine ¢
(unitless)
DiF., Dilution factor for ECO157 cells in _ Virr - Calculated ©
L . . Girr X (1 . )
irrigation water in the top 1cm layer Yirr
of soil batch (unitless) (Apgeen X 1)
LN, ECO157 count in a romaine batch at LNy(firr = 0)= 0 - Assumption
the start of the 14-day countdown LNy(firr = F) =0 c
period (t=0) (CFU) LNy(firr = D)= 0
CCyy Logi0 ECO157 count reduction of Uniform(1.30,2.91) 2.10 (1.38;2.83) [94,96]
surface water contamination by UV
treatment before overhead spray
irrigation (Log10CFU)
CCppu Logi0 ECO157 count reduction of Uniform(2.48,3.09) 2.78 (2.51;3.06) [94,96]
surface water contamination by PAA
treatment before overhead spray
irrigation (Log10CFU)
CCcp Log1o ECO157 count reduction of Uniform(1.00,2.78) 1.89 (1.09; 2.69) [94]
surface water contamination by
Chlorine treatment before overhead
spray irrigation (Log10CFU)
Ceowprep Log10 ECO157 count on fresh cattle Pert(0.89,3.08,8.4) 3.60 (1.58;6.04) [36]

feces (LogioCFU/g)




Ceowror Logio ECO157 count on fresh cattle Coowpor = - Calculated ©
feces, accounting for the effect of Scyae X Max(Cepyy — 1,0)
ECO157 vaccine intervention, if + (1 = Scyae) X Cow
implemented (Log10CFU/g)
Ceow ECO157 count on fresh cattle feces 10Ccoweor - Calculated ©
(CFU/g)
Ceowp ECO157 count on any cattle feces, Ceow X Peowp, - Calculated ©
which returns 0 CFU for non-
contaminated feces and C,,,, for
contaminated feces (CFU/g)
Cpig Logi0 ECO157 count on fresh swine Pert(0.89,3.59,7.00) 3.71 (1.86;5.65) [36]
feces (Logi0CFU/g)
Coigp ECO157 count on any swine feces, 10%vig x Poigm - Calculated ©
which returns 0 CFU for non-
contaminated feces and Gy, for
contaminated feces (CFU/g)
Pryig Probability of feral swine entering the 0.00405 - [6]
field on day t (unitless)
PTyigcountt Wildlife intrusion occurred on day t Binomial (1, Pry;y) 0(0;1) Calculated ©
(unitless): no=0, yes=1
PTyigcountsum Total number of days during the 14- Z Pr,; - Calculated ©
day countdown when wildlife - Ptgcountt
intrusion occurred (day)
Mdef,, Mass of feces excreted by a feral 4,265 - [36]
P9 swine per day (g swine feces/day)
Tdef,, Number of times a feral swine 4 - [68]
P defecated per day (times/day)
Number of times feral swine (between Poisson(l, Truncate(l,zo)) 1.58(1;3) Assumption
Ndef,iq 1-5 swine) defecated on the field ¢
(times/day)
M. Mass of feces excreted by feral swine Mdefy, x Ndef,, - Calculated ©
pig intruding the batch area (g) Tdef,i, Pig
DiFy;g Dilution factor for ECO157 cells in Myig X Rheon - Calculated ©
feral swine feces in soil batch Apaeen X 1
associated with plants near which the
swine defecated (unitless)
Mow Mass of cattle runoff (carrying fresh Triang(5000,10000,15000) 10000 (6581;13418) | [36]
cattle feces only) introduced into the
edge batch area soil per runoff event
(g/day)
DiF,,, Dilution factor for ECO157 cells in Mow X Rheon - Calculated ©
cattle runoff introduced into in the Apaeen X 1
top 1cm layer of soil batch (unitless)
PTitos Proportion of fecal matter (swine and Plant,,iqen - [36]
runoff) landing on romaine rather Plants,qce — Plant,,iqen
than in soil (unitless)
TTecsoit Proportion of ECO157 cells in soil Uniform(0.00004,0.63) 0.315 (0.032;0.600) | [75]
transferring to romaine during a rain
or irrigation event (unitless)
Raman ECO157 decay rate for non-persisters | 0.038 - [61]
in BSAAO amended soil
(Log1CFU/day)?
Ry ECO157 decay rate for non-persisters n Rsunm - [27,34]
o 1—10"umm™ 22
on romaine in field (1/day) >®
Ry ECO157 decay rate for non-persisters 1 — 10701744 - [36]
in soil (1/day)?
R ECO157 decay rate for persisters in Riman - [61,62]
dmanp BSAAO amended soil (Log10CFU/day)? 10
h xRstnm - [47]
R ECO157 decay rate for persisters on 1—107wmm™ 24
dtp romaine in field (1/day)? 10
ECO157 decay rate in soil for % h [62]
Ry, 10

persisters (1/day)?




NtoP,qn Switch rate from normal to persister 0.001 - [76,77]
in BSAAO amended soil (1/day)?
NtoP, Switch rate from normal to persister 0.0004 - [47]
on romaine (1/day)?
NtoPs Switch rate from normal to persister 0.0001 - [76,77]
in soil (1/day)?
Pmax,, g, Maximum fraction of persisters in NtoPpan - [47]
BSAAO amended soil (unitless) 10Rdman
Pmaxg Maximum fraction of persisters in soil | NtoPs - Calculated
(unitless) Rgs
Pmax;, Maximum fraction of persisters on NtoP, - Calculated
romaine (unitless) Ry
BwaitP Waiting time: The period before Triang(2,4,8) 4(2;6) [74]
harvest during which overhead spray
and furrow irrigation was stopped
(day)
TThiade Average amount of soil attached to a 10.22 - [15]
harvesting blade after contact with
soil in one cross contamination event
(g/blade)
TTechiade Proportion of ECO157 cells transferred | 0.0013 - [15]
from a harvesting blade to a romaine
plant in one cross contamination
event (unitless)
ECO157 count in soil attached on LN;4 X TTyiaqe X Rheon - Calculated ©
Npiage blades (CFU/soil batch x soil 1 X Apaecn
batch/blade=CFU/blade)
CChiqae ECO157 cells transferred from TTechiade X Npiage X Plant,greq X Plant,,gn, - Calculated ©
harvesting blades to a romaine batch 1
(CFU/romaine batch) x3
Cup, Preharvest outcome: ECO157 count LN, + CChigae - Calculated ©
on harvested romaine batch (CFU)

2 n the difference equation model the rate parameter indicates the proportionate change in ECO157 population per time step.
b See Supplementary Table S3 for more details.

¢ Assumption: Parameter value accepted as true with little to no information; Author opinion: Parameter value accepted as true based on

authors’ experience; Calculated: Parameter value calculated based on other parameters; Selected: Used in scenario analysis (See Supplementary
Table S9 for details for their use.)

Supplementary Table S2. Parameters in the postharvest Escherichia coli 0157:H7 (ECO157)

model
Parameter Description (units) Distribution/Value Mean (5th-95th Source
percentile)

Cth E. coli 0157:H7 (ECO157) countin a Triang(—0.66,3.81,6.36) 3.17 (0.59;5.41) Output from
contaminated harvested romaine preharvest
batch (Log10CFU/romaine batch) model fitted

in @RISK

Pth ECO157 prevalence in a harvested Triang(0.005,0.01,0.02) 0.01 (0.007;0.02) Output from
romaine batch (unitless) preharvest

model fitted
in @RISK
teoldst Cold storage time (h) Triang(1,24,72) 32 (10;59) Author
opinion?
Tondcoldst Temperature after cold storage (°C) Triang (0,444, Tharvest,, ) 5 (4.3;5.7) [33]
T, Temperature during cold storage (°C) 1 - [38]
cotdst E X (Tendcoldst + Tharvestm)
2 R
Geotast Cold storage growth rate (Log10CFU/h) (0.023 X (Toordst — 1'2)) [38]
2.303




Deorast Cold storage die-off rate (Log1oCFU/h) Lognorm(0.013,0.001,5hift(0.001)) 0.006 (0.005;0.007) | [38]
2303
GorD,orast Growth (G) or die off (D) based on cold | G,if T.oaste > 5, - [38]
storage temperature (Logi0CFU/h) D,if Teorase < 5
CCeoast Change in ECO157 count during cold CCro1ast (GOTDegiast = G) = Georase X teotast - Calculated®
storage (Log10CFU) CCrotast (GorD piast = D)
=- Dculdst X tculdst)
C, ECO157 count on a contaminated Max{Cpp -+ CCeotdse0 - Calculated?
aconst romaine batch after cold storage, Log1o(ROUNDDOWN (10 { Lh; - }'>
going to processing (CFU/romaine
batch)
B Romaine batch size (g) Plantyayreq X Plant,,gne - Calculated @
SChwash 1 or 2 based on the scenarios below, 1 - Selected?®
(baseline=1)
CCenao Log10CFU ECO157 reduction with Pert(0.01,0.52,1.03) 0.52 (0.20; 0.84) [84]
chlorine washing
(Log10CFU/g romaine)
CCepy Chlorine wash alternative 1 Pert(0.5,1.0,1.5) 1.00 (0.69;1.31) Assumption?
CCepa Chlorine wash alternative 2 Pert(1.0,1.5,2.0) 1.50 (1.19;1.81) Assumption?
CCeps Chlorine wash alternative 3 Pert(1.5,2.0,2.5) 2.00 (1.69;2.31) Assumption?
CCepa Chlorine wash alternative 4 Pert(2.0,2.5,3.0) 2.50 (0.69;1.31) Assumption?
CCeps Chlorine wash alternative 5 Uniform(3.0,5.0) 4.00 (3.10;4.90) [97]
CCuggent ECO157 reduction associated with the | CC,, ., (SCwasn = 1) = CCepzo - Selected ?
scenario selected for the washing step chagm(gcwush =2)=CCoy
(LoguoCFU) CCayone SCuash = 3) = CCup
CCwagent (Scwush = 4’) = CCch3
chagent (Scwash =5)= CCepa
chagent (Scwash =6)= CCeps
Coash ECO157 count on a contaminated Log;o(ROUNDDOWN ( Max{10%endcottss™ Cwagent 0}, 0 Calculated?
romaine batch after washing
(CFU/romaine batch)
POpqck Probability a non-contaminated o <F(Clstrpm X Ape) X F(Clstr gy X (Apac — 1) + cw,",,)> [46]
package is partitioned from a T (Clstryer X (Apack = 1)) X T'(€15Tar X Apact + Cuas)
contaminated romaine batch (unitless)
Ppack ECO157 prevalence on a romaine (1 = POpack) X P 0.003 (2.5 Calculated?®
package (unitless) X 1075;0.016)
SCeistrp Clustering in romaine batch: no=0 0 - Selected®
(baseline), yes=1
Clstryarm Clustering parameter 1 - [46]
Wromainepack | Weight of shredded romaine per 225 -
package (8 oz) (g)
Apack Number of packages in a romaine B - Calculated®
batch (packages) Wiettucepack
P, . Distribute ECO157 cells to a package _ 3.5x107* (1.8 Calculated?
contpackgist when clustering p g Beta (Clstrparb, Clstrygrp X (Apack 1)) X 10-5; 0.0(()1)
Peontpack Proportion of ECO157 cells from a - se ) x ( 1 ) - [46]
contaminated romaine batch in a clstrb Apack
package (unitless) + Scusers
X Pcontpackdist
Cpack ECO157 count in a contaminated Logyo(Binomial(Cyash, Peontpack) + 1) - Calculated?®
package (Log10CFU/pack romaine)
tretail Retail storage time (h) Triang(0.5,4,7) X 24 92.0 (37.6; 144.3) [42]
Tretail Retail storage temperature (°C) Normal(4.4441,2.9642, Truncate(o,zo,s@) 4.9 (0.9;9.4) [82,99]
Gretail Retail growth rate (Log1CFU/g - [38]

romaine/h)

2
(0023 X (Tyymspe — 12))
2303




Dretait Retail die-off rate (Log1oCFU/g Lognorm(0.013,0.001, Shift(0.001)) 0.006 (0.005;0.007) | [82]
romaine/h) 2.303
GorD,erain Growth (G) or die off (D) based on G,if Tretair > 5, - [38]
retail temperature (Log10CFU/h) D,if Tretan < 5
CCretair Change in ECO157 count during retail CCretqit(GorDyprain = G) = Gretait X tretait - [38]
storage (LngCFU) CCTetail(GorDremil = D) = _Dretail X tretail
Cretail ECO157 count in a contaminated Log,o(ROUNDDOWN (10’“""‘“1”““+ “"”'“'“’.) - Calculated?
package after retail storage
(Log10CFU/package romaine)
teransport Transportation time (h) Normal(1.421,0.46478, 1.18 (0.43;1.94) [99]
Truncate(0.1833,3.8667)
,Shift(—0.24609))
Terhom Package temperature before putting Normal(8.386,3.831, Truncate(0,20)) 8.51 (2.54;14.67) [99]
into home refrigerator (°C)
T, Temperature during transportation 1 - [135]
trnspt (cc) E X (Tretail + Thome)
Girnspt Transportation growth rate 0.023 x (T, ~ 12 2 - [38]
(LogioCFU/) ( i (Ternsye — 1. ))
2.303
Dirnspt Transportation die-off rate Lognorm(0.013,0.001, Shift(0.001)) 0.006 (0.005;0.007) | [82]
(LOngFU/h) 2.303
GorDyrppt Growth (G) or die off (D) based on G, if Tynspe > 5, - [38]
transport temperature D,if Topspr <5
CCrrept Change in ECO157 count during CCornspt (GOTDiynspe = G) - [38]
transportation (Log1oCFU) = Grrnspt X bernspt
CCtrnspt(GorDtrnspt = D)
= _Dtrnspt X ternspt
Crrnspt ECO157 count in a contaminated Log;o(ROUNDDOWN (104 Cretaitt CCernspe), 0)) - Calculated®
package after transportation
(Log10CFU/romaine package)
trcons Time to first consumption (h) Weibull(1.13,2.84) x 24 65.21 (4.92;179.97) | [136]
ticons Time to last consumption (h) Weibull(1.7,7.96) x 24 170.5 (33.3;364.3) [136]
t, Home storage time (h) 1 - Calculated?
home E X (tfcons + tlcons)
Thome Home storage temperature (°C) Normal ( 3.4517,2.4442, ) 3.45 (—0.56;7.47) [38]
RiskTruncate(—5,17.22)
Ghome Home growth rate (Log1oCFU/h) (0.023 X (Thome — 1.2))2 - [38]
2.303
Drome Home die-off rate (Log10CFU/h) Lognorm(0.013,0.001, Shift(0.001)) 0.006 (0.005;0.007) | [82]
2.303
GorDpome Growth (G) or die off (D) based on G,if Thome > 5, - [38]
home storage temperature D,if Thome < 5
CChome Change in ECO157 count during home | CClome(GOrDrome = G) = Grome X thome - [38]
storage (Log1oCFU) CChome(GorDhume =D)= —Dhome X thome
Chome ECO157 count in a contaminated Loglo(ROUNDDOWN(lOMax{Ctrnspt+ CCrome0} ( - Calculated?®
package after home storage
(Log10CFU/romaine package)
PO, Probability a non-contaminated < (Clstrye X Seryaa) X I'(Clstryar X (SeTmaee = 1) + Chome) - Calculated?
serving was partitioned from a 1 (Clstqr x (Seryack = 1)) X F(Clstryar X Setyqek + Crome)
contaminated romaine package
Pser ECO157 prevalence on a romaine (1 = POgey) X Pyger X Pth 0.002 (1.8 Calculated®
serving x 107°;0.009)
SCastrp Clustering in package: no=0 (baseline), | 0 - Selected?
yes=1
Clstryary Clustering parameter 1 - [46]




Ser

Serving size (g romaine/ romaine
serving)

85

[86]

Serpack

Number of servings in a package (
romaine servings)

M/lettucepuck
Ser

Calculated?

Pcontserprgp

Distribute ECO157 cells to a serving
when clustering (unitless)

Clstr,

Beta (Clstr parp

parp’ X (Serpack -

1)

0.38 (0.031; 0.838)

Calculated?

P contser

Proportion of ECO157 cells from
contaminated package in a serving
(unitless)

1-s ) x ( ! )
— Sc -
clstrp Serpack

+ S Cclstrp

X Peontser prep

[46]

CSETH

ECO157 count in a contaminated
serving after home storage
(Log10CFU/serving romaine)

Logyo(Binomial(10home, Pyoo00) + 1)

Calculated?

Sccanw

Consumer wash romaine before
consumption: no=0 (baseline), yes=1

Selected?

Pcanw

Probability a USA consumer washes
the prepacked romaine (unitless)

0.62

[100]

CC,

conwprep

ECO157 reduction by consumer wash
with water prep cell (Log1oCFU)

Triang(0.65,0.99,0.99) X Py,

0.54 (0.45;0.61)

[39]

4 Cconw

Log10CFU ECO157 reduction by
consumer wash with water (Log10CFU)

Scconw X CCconwprep

Calculated®

CSQTW

ECO157 count in a contaminated
serving after consumer wash
(CFU/romaine serving)

10MaxfcserH_CCconw'o)

Calculated?

alpha

Dose-response parameter alpha
(unitless)

0.267

[87]

beta

Dose-response parameter beta
(unitless)

229.2928

[87]

Pill

Probability of illness as a result of
consumption of a contaminated
romaine serving (unitless)

C w —alpha
1- (1 +—)
beta

[36]

USpop

USA population (person)

311,556,874

(88]

A

Annual romaine consumption in the
USA (g/consumer/year)

3,946

[18]

Np

Number of romaine servings
consumed per person per year
(romaine serving/consumer/year)

A

Ser

Calculated®

Nscys

Total number of romaine servings
consumed per year in the USA
(romaine serving/year)

USpop X Np

Calculated?

Ncscys

Number of contaminated romaine
servings consumed per year in the
USA (romaine serving/year)

Nscys X Feer

Calculated?

Ncaseyg

Number of illness cases per year in the
USA (person)

Ncscyg X Pill

Calculated?

a Assumption: Parameter value accepted as true with little to no information; Author opinion: Parameter value accepted as true based on

authors’ experience; Calculated: Parameter value calculated based on other parameters; Selected: Used in scenario analysis (See Supplementary
Table S9 for details for their use.)




Supplementary Table S3. Parameters varying by the harvest month of romaine production

Parameter Psunm Pcuwm Ppigm hsunm Rsunm Precnarmm Precactual,,, Tharveslm
Description | Probab | ECO157 ECO157 Average Solar decay | Precipitatio | Actual Temperature at
(unit) ility of prevalence in prevalence in sunny rate n level (average) harvest (°C) ¢
asunny | fresh cattle feces fresh feral swine hours per (1/day) normalized level of
day (unitless) feces (unitless) day (h)e (unitless) precipitation
(unitles during the
s) year (mm)
Source [137] [8] [8] [27,34] [27,34] [137] [137] [137]
Harvest Value/Distribution
month ?
January 0.97 Binomial(1,0.01) | 0¢ DR —0.48 0.21 11 DR = 7.20
= 10.30 Y = 890
Y = 9.00
February 0.93 Binomial(1,0.02) | 0°¢ DR —0.48 0.31 15 DR = 7.20
= 11.00 Y =9.90
Y = 9.70
March 0.97 Binomial(1,0.06) €| 0¢ DR —-0.48 0.12 7 DR = 12.70
= 12.00 Y = 12.90
Y = 10.70
April 0.87 Binomial(1,0.09) | 0¢ cc —0.48 0.81 36 CC = 8.20
= 8.90
May 0.90 Binomial(1,0.04) | 0¢ cc —0.48 0.41 19 cC = 9.70
= 9.10
June 0.97 Binomial(1,0.13)?| 0¢ cc -0.52 0.07 5 CC = 11.40
= 9.80
July 1.00 Binomial(1,0.21) | Binomial(1,0.16)| CC -0.52 0.00 2 cC = 13.00
= 9.60
August 1.00 Binomial(1,0.10) | Binomial(1,0.13)| CC -0.52 0.02 3 cC = 13.30
= 9.10
September | 0.97 Binomial(1,0.08) | Binomial(1,0.11)| CC —-0.52 0.02 3 cC = 13.10
= 9.10
October 0.93 Binomial(1,0.17) | Binomial(1,0.08)| CC -0.52 0.41 19 cC = 11.20
= 8.50
November 0.87 Binomial(1,0.03) | Binomial(1,0.10)| CC —0.52 1.00 44 CcC = 8.00
= 7.60
December 0.97 Binomial(1,0.02) | Binomial(1,0.12)| DR —0.48 0.21 11 DR = 7.20
= 10.00 Y =830
Y = 8.80

aSelected month is based on the location of the romaine production.
b Empirical data was 0. However, the value considered here was the average of estimates from the prior and the following months.

¢ Empirical data was 0.
4 CC: Coastal Region and Central Valley, CA; DR: Desert Region (Imperial), CA; Y:Yuma Region, AZ.
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Supplementary Table S4. Terms in in the difference equation model in the preharvest model.

Parameter Description (units) Distribution/Value
Psinitial Soil batch contamination on day t=0 (day 0, a day Pran X Phan
before the start of the 14-day countdown): no=0,
yes=1
So ECO157 count in soil batch on day t=0 (CFU) (Scuac % Crln(t)ln + (1 = Scyae) X Cman) X DiFyan
10Pman*Raman
SN, Non-persister ECO157 count in soil batch on day t=0 So X (1= Pmax,an)
(CFU)
SPy Persister ECO157 count in soil batch on day t=0 So X Pmaxpan
(CFU)
Cs, Soil batch contamination with non-persister and (SNy + SPy) X Pginitia
persister cells on day t=0 (CFU)
LN, Non-persister ECO157 count in romaine batch on 0
day t=0 in an overhead spray/furrow or drip irrigated
field (CFU)
LP, Persister ECO157 count in romaine batch on day t=0 0
in an overhead spray/furrow or drip irrigated field
(CFU)
Cry Romaine batch contamination with non-persister LNy + LP,
and persister cells on day t=0 (CFU)
Sw ECO157 count introduced via feral swine to soil (1 = Pryos) X 1009 X DiFy;,
batch per intrusion event (CFU)
Lw ECO157 count introduced via feral swine to romaine | Pry,os X 10¢pig
batch per intrusion event (CFU)
LsR Fraction of ECO157 transferred from soil batch to Ttinang X TTecsoit X PT€Cporm,,
romaine batch via splash during rain per rain event
(unitless)
Lsl Fraction of ECO157 transferred from soil batch to Miryr X TTcson X Median(Precyorm,,)
romaine batch via splash during irrigation per
irrigation event (unitless)
SR ECO157 introduced to batch area (soil + romaine) Ceow X Prechorm,,
with runoff per runoff event (CFU)
SSR ECO157 count in soil batch introduced with runoff SR X (1 = Pry4s) X DiF,,,,
per runoff event (CFU)
LSR ECO157 count in romaine batch introduced with SR X PTitos
runoff per runoff event (CFU)
Bs, Select weather on day t: sunny=1, rainy=0 (Overhead | Binomial(1, Psunm)t
spray or furrow irrigation may occur on a sunny day
only)?
fO, Overhead spray irrigation scheduled to occur on day Binomial(1, Pry),
t: no=0, yes=1
fF; Furrow irrigation scheduled to occur on day t: no=0, Binomial(1, Prg),
yes=1
S, ECO157 count in soil batch introduced via irrigation Cipy X DiF;,
per irrigation event (CFU)
pVL Fraction of irrigation water caught by romaine Virr.
(unitless) Jirr
LI, ECO157 count in romaine batch via irrigation per Cirr X Girr X TTociyr X pVL
irrigation event (CFU)
pRunoff; Runoff event occurs on day t: no=0, yes=1 (1-Bsy) X Peow,, X edge
PTyigounte Wildlife intrusion occurs on day t: no=0, yes=1 Binomial (1, Pry; )

Prpig(:ountsum

Total number of days during the 14-day countdown
when wildlife intrusion occurs

Z Prpigcountt
t

pPEC, Wildlife intrusion occurs by feral swine with Binomial (1, Pyig,.)) X PTyig.ounee
contaminated feces on day t: no=0, yes=1
BwaitP, Overhead spray or furrow irrigation occurs on day t: IF(t > BwaitP,1,0), where t = {0,1, ...,14}
no=0, yes=1
pSpl, Irrigation splash occurs on day t: no=0, yes=1 IF(OR(Bs; X fOt X BwaitP, = 1,Bs; X fFt X BwaitP, =1, fDt
=1),1,0)
pSPR, Rain splash occurs on day t: no=0, yes=1 1 — Bs;

2 See Supplementary Table S3 for more details.
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Supplementary Table S5. Difference equation model in the preharvest model.

romaine batch on day t+1 (CFU)

Compartment | Description (units) Equation
Irrs, ECO157 count in soil batch introduced via irrigation One of (depending on the irrigation method for the iteration:
on day t (CFU) O=overhead spray, F=furrow, D=drip):
Irrs(fir = 0); = Sl X Bs; X Py X fO, X BwaitP,
Irrg(firr = F)¢ = Sl X Bs; X Py X fF, X BwaitP,
Irrs(firr = D)t = SIt X Pirr X PrD
Pigs, ECO157 count in soil batch introduced via feral SW x pPEC,
swine on day t (CFU)
Runof fs, ECO157 count in soil batch introduced via runoff on SSR X pRunoff,
day t (CFU)
Rsplasht Fraction of ECO157 transferred from soil batch to LsR X pSpR;
romaine batch via rain splash on day t (unitless)
Isplasht Fraction of ECO157 transferred from soil batch to Lsl x pSpl,
romaine batch via irrigation splash on day t (unitless)
SNtoSP, Switch of non-persister ECO157 to persister cells on (1 - Pryan) X SNy X NtoPs + PTpgn X SNy X NtoP,an
day t (CFU)
SNdecay, (DcchL?)y of non-persister ECO157 in soil batchondayt | (1-Pr,,.) X SN, X Rys + Pryan X w,fﬂ%
- — SP
SPdecay, ;);cg;/ of persister ECO157 in soil batch on day t (1 Prypan) X SP, X Rys,, + Prinan X 10Rd":anp
SNeyq Non-persister ECO157 count in soil batch on day t+1 SN; + Irrs, + Pigs, + Runoffs, — (Rsplasht + Isp,asht) X SN,
(CFU) — SNtoSP, — SNdecay,
SPiyq Persister ECO157 count in soil batch on day t+1 SP, + SNtoSP, — (Rsplasht + Isplasht) X SP, — SPdecay,
(CFU)
CSiq Total ECO157 count (non-persister and persister) in SNiyq +SPeyy
soil batch on day t+1 (CFU)
Irry, ECO157 count introduced to romaine batch via One of (depending on the irrigation method for the iteration:
irrigation on day t (CFU) O=overhead spray, F=furrow, D=drip):
I, (firr = 0)¢ = LI, X BS; X Py X fO; X BwaitP,
Irr,(fiyr = F); = LI, X Bs; X Py X fF; X BwaitP,
ITrL(firr = D)t = th X Pirr X PrD
Pig,, ECO157 count introduced to romaine batch via feral LW X pPEC,
swine on day t (CFU)
Runof fi, ECO157 count introduced to romaine batch via LSR X pRunoff,
runoff on day t (CFU)
LNtoLP, Switch of non-persister ECO157 to persister cells on LN, X NtoP,
day t (CFU)
LNdecay, Decay of non-persister ECO157 in romaine batch on LN, X Ry,
day t (CFU)
LPdecay, Decay of persister ECO157 in romaine batchondayt | LP, X Ry,
(CFU)
LN¢y, Non-persister ECO157 count in romaine batch on LNy + Irr,, + Pig,, + Runoff, — (Rsplasht + Isplasht) X (SN, + SP,)
day t+1 (CFU) — LNtoLP, — LNdecay,
LP.yq Persister ECO157 count in romaine batch on day t+1 LP, + LNtoLP, — LPdecay,
(CFU)
(Y Total ECO157 count (non-persister and persister) in LNy, + LPyyy
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Supplementary Table S6. Scenario analysis for the effect of irrigation water.

restrictive 2023 LGMA
was used to
parameterize surface
irrigation water
intended for overhead
spray irrigation

irrigation within 21 days of
harvest, the maximum generic
Escherichia coli count in any
single water sample should not
exceed 235 MPN/100ml, or
Logi0(2.35).

Scenario Definition (Reference) ID of Parameter value in the scenario Predicted illness cases
paramete resulted from the tested
rs scenario: 5t; 50t; 95th
affected percentile
(unit)

Baseline No changes made in the None All parameters were at their baseline 42; 19,040; 3.6x10°

model. conditions.

Decrease the ECO157 The well water prevalence Pipry Pyr,,=0.0001 instead of P;..,,=0.001 42;15,091; 1.6x10°8

prevalence in well decreased from 0.1% to 0.01%. | (unitless) Median number of cases

waters by 10-fold. decreased by 20.7%.

Microbiological testing | For Type B agricultural water Cirg Ciprg from ... Pert(0.1,0.76,1.77)... to 50; 13,122; 1.7x10°

limit set by the more intended for overhead spray (CFU/ml) ..Pert(0.1,0.37,1.77)... Median number of cases

reduced by 31.1%.

Supplementary Table S7. Scenario analysis for the effect of assuming no cell presence on romaine
before 14-day countdown period.

Scenario Definition (Reference) ID of Parameter Predicted illness cases resulted from the tested
paramete | value in the scenario: 5"; 50t; 95th percentile
rs scenario
affected
(unit)
Baseline No changes made in the None All 42; 19,040; 3.6x10°
model. parameters
were at their
baseline
conditions.
100 CFU ECO157 per Each romaine batch started LN, and LN, =99 39; 18,955; 4.7x10°
romaine batch at the with 100 CFU of ECO157 at the | LP, (CFU) CFU and Median number of cases reduced by 0.5%.
start of the 14-day start of the 14-day countdown, LP, =1CFU
countdown rather than 0 CFU. instead of (The ECO157 prevalence increased from 1% to 1.1%.
both being 0. | However, 45.1% of the contamination consisted of < 3
Logio CFU per romaine batch, compared to the 41.6%
predicted at baseline. This shift resulted in a decrease in
the median number of iliness cases, as the lower
number of cells in the percentiles reduced the overall
risk.)
1,000 CFU ECO157 Each romaine batch started LN, and LN, =998 692; 1,644; 6.9%x10*
per romaine batch at with 1000 CFU of ECO157 at LP, (CFU) CFU and Median number of cases reduced by 91.4%.
the start of the 14-day | the start of the 14-day LPy =2 CFU
countdown countdown, rather than 0 CFU. instead of (The ECO157 prevalence increased from 1% to 38%.
both being 0. | However, 77.5% of the contamination consisted of just

1 CFU per romaine batch, which drastically reduced the
median number of iliness cases due to the impact of
single cells on the percentiles.)
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Supplementary Table S8. Correlation of parameters with the Escherichia coli 0157:H7 (ECO157) counts
in romaine batch at harvest in the preharvest ECO157 model. Parameters are categorized based on
their inclusion in the Spearman rank-order correlation coefficient (SRCC) analysis.

t (CFU/ml)

Parameter Description (units) Included in Preharvest | Comment
SRCC
(Yes, No or NA 2. If
Yes, SRCC value)®
Afiela Area of the field (approximately 1-acre field) (cm?) NA Constant©
Apatch Area of a field that grows a romaine batch (“batch area”, 1/12 of the NA Constant*©
field area) (cm?)
Npiant Number of plants harvested from the field (romaine plants) NA Constant©
Plant,,iqen The area that a single mature romaine plant occupied on the field, NA Constant*©
length x width of one plant (cm?)
Plants,qce The area allocated for one romaine plant in the field (cm?) NA Constant®
Planty,rea Number of plants grown in a batch area (romaine plants) NA Constant©
Plant,, n: Weight of one mature romaine plant (g) NA Constant®
froc Select geographic location where the romaine batches were grown NA Categorical ¢
(unitless). Notations:
CC: Coastal Region and Central Valley, CA
DR: Desert (Imperial) Region, CA
Y: Yuma Region, AZ
fmonth Select the month of harvest for the given geographic location NA Categorical©
(unitless). Notations:
January: 1, February: 2, March: 3, April: 4, May: 5, June: 6, July: 7,
August: 8, September: 9, October: 10, November: 11, December: 12
fw Select the source of irrigation water (unitless). Notations: NA Categorical ¢
S: Surface water
W: Well water
firr Select the irrigation type for the given geographic location (unitless). NA Categorical
Notations:
O: Overhead spray irrigation
F: Furrow irrigation
D: Drip irrigation
Modeldays Countdown period before harvest, modeled via a set of difference NA Constant®
equations (day)
edge Batch area was at the edge of the field and thus could be 0.0573 -
contaminated by runoff (unitless): no=0 (baseline), yes=1
Crnan ECO157 count per g of BSAAO (CFU/g) No Included in Can,
SChac Cattle vaccination intervention against ECO157 (unitless): no=0 NA Assessed only in scenario
(baseline), yes=1 analysis.
Rh o Volume of 1g BSAAO/swine feces/cattle feces (cm3/g) NA Constant®
Dheon Depth of tiling on the field (cm) No Included in DiF,, .,
M an Mass of BSAAO applied on the batch area (g) No Included in DiF, .,
DiF,an Dilution of ECO157 cells in BSAAQ in the volume of the tilled soil batch | -0.0002 -
layer (unitless)
Prian BSAAO was used (unitless): no=0, yes=1 No Included in Crnan,
Pran BSAAO applied on a field was contaminated with ECO157 (unitless): No Included in Crnay,
no=0, yes=1
Crnanp ECO157 count in any BSAAO applied soil, which returns 0 CFU for a 0.0024 -
non-contaminated soil and C,,,, for a contaminated soil (CFU/g)
Pirr ECO157 prevalence in surface water (unitless) No Included in Cyr
Pirry, ECO157 prevalence in well water (unitless) No Included Gy,
Py Irrigation water contaminated with ECO157 applied during the No Included Cj,
countdown period (unitless): no=0, yes=1
SCyt Water treatment intervention applied prior to the overhead spray NA Assessed only in scenario
irrigation (O) using surface water (S) (unitless): None=0 (baseline), analysis.
Ultra-Violet (UV)=1, Peracetic Acid (PAA)=2, Chlorine=3
Cirrg ECO157 count per ml of contaminated surface water post treatment No Included in Cj;.r.,
(CFU/ml)
Cirry ECO157 count per ml of contaminated well water (CFU/ml) No Included in i,
Cirr ECO157 count per ml of contaminated irrigation water applied on day No Included in Cj;.r.,
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Cirrp ECO157 count on any irrigation water, which returns 0 CFU for a non- 0.2906 -
contaminated water and C;,.,. for a contaminated water (CFU/ml)
typei Probability the selected irrigation type was occurring on a given day NA Categorical ¢
(unitless)
Pry Probability of overhead spray irrigation on day t (unitless) -0.0033 Included as 0, °
Prg Probability of furrow irrigation on day t (unitless) 0.0044 Included as fF, . F
Prp Probability of drip irrigation on day t (unitless) NA Constant*©
W, Volume of water applied through overhead spray irrigation to a No Included in g,
romaine batch per an irrigation event (ml/day)
We Volume of water applied through furrow irrigation to a romaine batch | No Included in g,
per an irrigation event (ml/day)
wy Volume of water applied through drip irrigation to a romaine batch No Included in g,
per an irrigation event (ml/day)
Daytogrow | Days from seeding to harvest (day) -0.0116 -
Dian Number of days before BSAAO application (day) NA Constant®
Girr Volume of water applied per an irrigation event in a batch area -0.0064 -
(ml/day)
Vo Volume of irrigation water captured per g of romaine per an overhead No Included in v;;.,-
spray irrigation event (ml/g/day)
Vi Volume of irrigation water captured per romaine batch per a furrow No Included in v;,,-
irrigation event (ml/day)
Vp Volume of irrigation water captured per romaine batch per a drip No Included in v;;.,-
irrigation event (ml/day)
Vipr Volume of irrigation water captured by romaine batch per an irrigation | 0.0581 -
event (ml/day)
Ttnang Fraction of the top 1cm layer of soil batch transferred to a romaine No Included in M;,.,
batch via splash caused by overhead spray irrigation per irrigation
event (unitless)
Ttnang Fraction of the top 1cm layer of soil batch transferred to a romaine No Included in M;,.,
batch via splash caused by furrow irrigation per irrigation event
(unitless)
TTman, Fraction of the top 1cm layer of soil batch transferred to a romaine No Included in M;;,.
batch via splash caused by drip irrigation per irrigation event (unitless)
M;,., Mass of soil transferred to a romaine batch via splash per irrigation 0.0553 -
event (g/day)
TTecirr Fraction of ECO157 cells transferred from irrigation water to romaine NA Constant©
(unitless)
DiF;,., Dilution factor for ECO157 cells in irrigation water in the top 1cm layer | NA Calculated by parameters
of soil batch (unitless) included directly in the SRCC
analysis.
LN, ECO157 count in a romaine batch at the start of the 14-day NA Constant*©
countdown period (t=0) (CFU)
CCyy Logio ECO157 count reduction of surface water contamination by UV NA Assessed only in scenario
treatment before overhead spray irrigation (Log10CFU) analysis.
CCppn Logio ECO157 count reduction of surface water contamination by PAA NA Assessed only in scenario
treatment before overhead spray irrigation (Log10CFU) analysis.
CCep Logio ECO157 count reduction of surface water contamination by NA Assessed only in scenario
Chlorine treatment before overhead spray irrigation (Log10CFU) analysis.
Ccowprep Logi0 ECO157 count on fresh cattle feces (Log1oCFU/g) No Included in C;oy,
Ceowor Logio ECO157 count on fresh cattle feces, accounting for the effect of No Included in C¢o,,
ECO157 vaccine intervention, if implemented (Log10CFU/g)
Ceow ECO157 count on fresh cattle feces (CFU/g) No Included in C¢qy),
Ceowp ECO157 count on any cattle feces, which returns 0 CFU for non- 0.0686 -
contaminated feces and C,,,, for contaminated feces (CFU/g)
Cpig Log10 ECO157 count on fresh swine feces (Log10CFU/g) No Included in Cpg,
Coigp ECO157 count on any swine feces, which returns 0 CFU for non- 0.1149 -
contaminated feces and C,;, for contaminated feces (CFU/g)
Pryig Probability of feral swine entering the field on day t (unitless) No Included as P1y;gcountsum®
Pryigowns Wildlife intrusion occurred on day t (unitless): no=0, yes=1 No Included as P1y;gcountsum®
Pryigcountsum | Total number of days during the 14-day countdown when wildlife 0.1180 -
intrusion occurred (day)
Mdef,;, Mass of feces excreted by a feral swine per day (g swine feces/day) NA Constant
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Tdefpig Number of times a feral swine defecated per day (times/day) NA Constant®
Number of times feral swine (between 1-5 swine) defecated on the -0.0008 -
Ndefy,iy field (ti
ield (times/day)
NA Calculated by parameters

Mg Mass of feces excreted by feral swine intruding the batch area (g) included directly in the SRCC

analysis.
DiF,, Dilution factor for ECO157 cells in feral swine feces in soil batch NA Calculated by parameters
associated with plants near which the swine defecated (unitless) included directly in the SRCC
analysis.
Moy Mass of cattle runoff (carrying fresh cattle feces only) introduced into 0.0037 -
the edge batch area soil per runoff event (g/day)
DiF,,,, Dilution factor for ECO157 cells in cattle runoff introduced into in the NA Calculated by parameters
top 1cm layer of soil batch (unitless) included directly in the SRCC
analysis.
Pritos Proportion of fecal matter (swine and runoff) landing on romaine NA Constant®
rather than in soil (unitless)
TTecsoil Proportion of ECO157 cells in soil transferring to romaine during a rain | 0.0045 -
or irrigation event (unitless)
Raman ECO157 decay rate for non-persisters in BSAAO amended soil NA Constant®
(Log10CFU/day)?

Rar ECO157 decay rate for non-persisters on romaine in field (1/day) *° NA Calculated by parameters
included directly in the SRCC
analysis.

Ry ECO157 decay rate for non-persisters in soil (1/day)? NA Constant®

R ECO157 decay rate for persisters in BSAAO amended soil NA Constant®©

dmanp (Log1oCFU/day)?

NA Calculated by parameters

Rai, ECO157 decay rate for persisters on romaine in field (1/day)? included directly in the SRCC
analysis.

Rys, ECO157 decay rate in soil for persisters (1/day)? NA Constant*

NtoPnan Switch rate from normal to persister in BSAAO amended soil (1/day)? NA Constant©
NtoP, Switch rate from normal to persister on romaine (1/day)? NA Constant®
NtoPg Switch rate from normal to persister in soil (1/day) ? NA Constant®
Pmax,an Maximum fraction of persisters in BSAAO amended soil (unitless) NA Constant®
Pmaxg Maximum fraction of persisters in soil (unitless) NA Constant®
Pmax; Maximum fraction of persisters on romaine (unitless) NA Constant®
BwaitP Waiting time: The period before harvest during which overhead spray 0.0020 -
and furrow irrigation was stopped (day)
t Average amount of soil attached to a harvesting blade after contact NA Constant®
with soil in one cross contamination event (g/blade)
TThiade Proportion of ECO157 cells transferred from a harvesting blade to a NA Constant©
romaine plant in one cross contamination event (unitless)
TTechiade ECO157 count in soil attached on blades (CFU/soil batch x soil NA Constant®
batch/blade=CFU/blade)
Notade ECO157 cells transferred from harvesting blades to a romaine batch NA Calculated by parameters
(CFU/romaine batch) mcludc.ed directly in the SRCC
analysis.
CChiade NA Calculated by parameters
Maximum fraction of persisters in soil (unitless) included directly in the SRCC
analysis.
Cpy, NA Calculated by parameters
Maximum fraction of persisters on romaine (unitless) included directly in the SRCC
analysis.
Pon,, Probability of a sunny day (unitless) -0.0086 Included as Bs;sum'
Peowy " ECO157 prevalence in fresh cattle feces (unitless) No Included in Coup,
Pyig. " ECO157 prevalence in fresh feral swine feces (unitless) No Included in Cpiy,,
Rsyuny, " Average sunny hours per day (h) -0.0170 -
Reun,, " Solar decay rate (1/day) -0.0105 -
Prechormy, " Precipitation level normalized (unitless) -0.0004 -
Precyciual, " | Actual (average) level of precipitation during the year (mm) No Included in Precyorm,,

2Not applicable.

bBonferroni-corrected alpha threshold is =0.05/21=0.0024.
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¢ Constant value.
d Categorical data.

¢ The parameter f O, represents the total number of days when overhead spray irrigation was applied within a 14-day countdown period. It is
calculated by adding together the f 0, values from Supplemental Table 1 over a 14-day period.

fThe parameter fF,. represents the total number of days when furrow irrigation was applied within a 14-day countdown period. It is
calculated by adding together the fF; values from Supplemental Table 1 over a 14-day period.

gSee Supplementary Table S3 for the relationship between Pr,,

ig and PrpigCountSum'

"This parameter is used in the preharvest model and taken from Supplementary Table S3.
"The parameter Bs;s,m represents the total number of sunny days within a 14-day countdown period. It is calculated by adding together the as
Bs, values from Supplementary Table S3 over a 14-day period.

Supplementary Table S9. Parameterization of the scenarios.

Scenario

Parameterization based on Table 1 and Table 2

Cattle vaccination

When the cell value of parameter Sc,,. (Supplementary Table S1) was changed from 0 to
1, a 1-Log10CFU/g reduction in the ECO157 counts in BSAAO and cattle feces was applied.

Surface water treatment for overhead spray
irrigation by chlorine

When the cell value of parameter Sc,,; (Supplementary Table S1) was changed from 0 to
3, ECO157 count in surface water was reduced using chlorine treatment (CCcp).

Surface water treatment for overhead spray
irrigation by peracetic acid (PAA)

When the cell value of parameter Sc,,; (Supplementary Table S1) was changed from 0 to
2, ECO157 count in surface water was reduced using PAA treatment (CCp»4).

Surface water treatment for overhead spray
irrigation by Ultraviolet radiation (UV)

When the cell value of parameter Sc,,; (Supplementary Table S1) is changed from 0 to 1,
ECO157 count in surface water was reduced using UV treatment (CCyy).

Transition from overhead spray to furrow irrigation
(i.e., allirrigation was through either furrow or
drip)

To apply this scenario, we manually modified the values of fO, and fF; (Supplementary
Table S1) and transitioned all overhead spray irrigated fields to furrow irrigated fields for
all locations.

Transition from overhead spray and furrow to drip
irrigation (all irrigation was through drip)

To apply this scenario, we manually modified the values of fO,, fF, and fD,
(Supplementary Table S1) and transitioned of all overhead spray and furrow irrigated
fields to drip irrigated fields for all locations.

Chlorine wash alternatives with varying Log1oCFU
reduction

When the cell value of parameter Sc,, s, (Supplementary Table S2) was changed from 1
to another number (2 to 6), the parameter for chlorine wash alternative

(CCp1, CCopa, CCopsz, CCopyqor CC,ps, respectively) was used instead of the baseline
chlorine wash (CC_;,) in postharvest.

Temperature reduction during retail

To apply this scenario, we manually modified the temperature distribution from Normal to
Uniform with reduced temperature range.

Consumer wash

When the cell value of parameter Sc¢on,, (Supplementary Table S2) was changed from 0
to 1, a total of 62% of the consumer washed the product before consumption, instead of
0%.

Clustering effect

When the cell value of parameter Scs:, (Supplementary Table S2) was changed from 0
to 1, clustering was allowed during partitioning of romaine batch to packages. Similarly,
clustering from package to servings was allowed when the cell value of parameter Sc;;s¢p
(Supplementary Table S2) was changed from 0 to 1. Parameters Clstryq,, (Supplementary
Table S2) and Clstt, 4, (Supplementary Table S2) determined the level of clustering in
packages and servings, respectively.
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Supplementary Table S10. Correlation of variable parameters with the Escherichia coli 0157:H7
(ECO157) counts in romaine batches at harvest in the preharvest irrigation model (considering only the
three irrigation systems with no other preharvest sources), as well as in irrigation models considering
each individual irrigation source contamination separately. Parameters were categorized based on
their inclusion in the Spearman rank-order correlation coefficient (SRCC) analysis.

Irrigation System Parameter (Definition)

Irrigation

a

contamination only

Contamination via
overhead spray
irrigation only?®

Contamination via
furrow irrigation
only?

Contamination via
drip irrigation only?

(CFU/ml))

Ciyrrp (ECO157 count on any irrigation water,
which returns 0 CFU for a non-contaminated
water and Cj,.. for a contaminated water

0.41

0.38

0.13

0.08

Vi (Volume of irrigation water caught by
romaine batch per an irrigation event)

0.09

0.09

0.03

-0.02

M;,- (Mass of soil transferred to a romaine batch
via splash per irrigation event)

0.08

0.09

0.01

-0.02

aThe values indicate p, the Spearman rank-order correlation coefficient, calculated for a particular irrigation system. Only p values of 0.05 or
higher, and -0.05 or lower, are shown (p values between -0.05 and 0.05 are indicated with “-“). Interpretation of coefficient absolute values: |p|
0to <0.1, none; p=0.1 to <0.3, poor; p=0.3 to <0.6, fair; p=0.6 to <0.8, moderate; p=0.8 to 1.0 very strong correlation.

Supplementary Table S11. Predicted hospitalizations, cases of hemolytic uremic syndrome (HUS), and
mortality following E. coli 0157:H7 (ECO157) iliness from vegetable row crops [102].

Probability of
hospitalization

Predicted
hospitalizations:

Probability of HUS
among predicted

Predicted HUS cases:
5th; soth s 95th

Probability of death
among predicted

Predicted death:
5th; 50th s 95th

among predicted 5th, 5Qth ; g5th ECO157 illness cases percentile ECO157 illness cases percentile
ECO157 illness cases percentile (%) (%)
(%)

30 13;5,712; 1.1x10° 4 2;762;1.4%x10° 0.3 0;57; 1.1x10*

Supplementary Table S12. Scenario analysis for the effect of persister cells.

Scenario | Scenario Definition ID of Parameter value in the scenario | Predicted illness cases
No (Reference) parameters resulted from the tested
affected (unit) scenario: 5t; 50th; 95th
percentile
0 Baseline No changes None All parameters were at their 42; 19,040; 3.6x10°
made in the baseline conditions.
model.
1 Switch rate from normal to | Switch rate was NtoPy,an NtoP,z, = 0.001 x 100 =0.1 | 48;17,711; 3.2x10°
persister in BSAAO increased by 100 Median number of cases
amended soil was times reduced by 7.0%.
increased
2 Switch rate from normal to | Switch rate was NtoP, NtoP, = 0.0004 x 1000 = 0.4 | 23;2,733;7.1x10°
persister on romaine was increased by Median number of cases
increased 1,000 times reduced by 85.7%.
3 Switch rate from normal to | Switch rate was NtoPs NtoPs; = 0.0001 x 1000 = 0.1 | 44;19,848; 4.7x10°
persister in soil was increased by Median number of cases
increased 1,000 times increased by 4.2%.
4 No non-persisters were Only persister SP,and LP, Csey =0and Cpep, =0 9;67;6,578
included in both soil and cells were Median number of cases
romaine included at reduced by 99.7%.
harvest; only
persisters were
transferred to
postharvest
model.
1,2,3& | Nonon-persisters were Only persister SP,, LP,, Csepy =0and Gy, =0 17;992; 3.4x10°
4 included in both soil and cells were NtoPyan, NtoPpa, = 0.001 X 100 = 0.1 | Median number of cases
romaine, and all switch included at NtoP, and NtoP, = 0.0004 X 1000 = 0.4 | reduced by 94.8%
rates were increased harvest, and all NtoPs NtoPs = 0.0001 x 1000 = 0.1
the switch rates
were increased.
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Supplementary Table S13. Scenario analysis for the effect of preharvest dilution depth.

was increased

and runoff were increased from 1cm to 5cm.

DiF,,,, (unitless)

of DiF.., DiFp;g,
DiF,,,, were
changed from
Apaten X 1to
Abatch X5

Scenario Definition (Reference) ID of parameters | Parameter value | Predicted illness cases resulted from
affected (unit) in the scenario the tested scenario: 5t; 50t; 95t
percentile
Baseline No changes made in the model. None All parameters 42;19,040; 3.6%x10°
were at their
baseline
conditions.
Dilution depth Dilution depth for the irrigation, swine feces DiF;.,, Din,-g, The denominator | 48;16,447; 2.7x10°

Median number of cases reduced by
13.5%.

Supplementary Table S14. Scenario analysis for the removal of exterior leaves under the conservative
assumption of uniform distribution of ECO157 across leaves.

exterior leaves;
20%2

count on romaine under the conservative
assumption of uniform distribution of
ECO157 across leaves.

e batch) and
Plantwght (g)

Plant,, g, X 0.8

Scenario Definition (Reference) ID of parameters | Parameter value | Predicted illness cases resulted from
affected (unit) in the scenario the tested scenario: 5t; 50t; 95t
percentile
Baseline No changes made in the model. None All parameters 42; 19,040; 3.6%x10°
were at their
baseline
conditions.
Removal of A total of 20% reduction in the ECO157 C,(CFU/romain C,n % 0.80 and 48; 19,205; 3.6%x10°

Median number of cases increased by
0.09%.

Removal of
exterior leaves;
23.8%%

A total of 23.8% reduction in the ECO157
count on romaine, under the assumption
that ECO157 contamination was 25% more
on an exterior leaf compared to an interior
leaf.

C,(CFU/romain
e batch) and
Plantwght (g)

Cyp X 0.762 and
Plant,, g, X 0.8

47;18,437; 3.5x10°
Median number of cases reduced by
3.2%.

Removal of
exterior leaves;
28.2%?

A total of 28.2% reduction in the ECO157
count on romaine under the assumption that
ECO157 contamination was 50% more on an
exterior leaf compared to an interior leaf.

C,(CFU/romain
e batch) and
Plantwght (g)

Cun X 0.727 and
Plant,,gn, X 0.8

46; 17,724; 3.4x10°
Median number of cases reduced by
6.9%.

Removal of
exterior leaves;
33.3%°

A total of 33.3% reduction in the ECO157
count on romaine under the assumption that
ECO157 contamination was 100% more on
an exterior leaf compared to an interior leaf.

C,(CFU/romain
e batch) and
Plantwght (g)

Cpp % 0.666 and
Plant,,gn, X 0.8

45; 16,468; 3.1x10°6
Median number of cases reduced by
13.5%.

2 A whole romaine weighed 300g before the exterior leaves were removed. If a plant was assumed to have 10 leaves and 2 exterior leaves were
removed, the final weight of the romaine would be 240g and calculated as Plant,, g5, X 0.8.
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