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Abstract

Escherichia coliO0157:H7 risk associated with the consumption ddtireut- cos lettuce
during Australian industrial practices was assesgegrobabilistic risk assessment model was
developed and implemented in the @Risk softwarediryg the Monte Carlo simulation

technique with 1,000,000 iterations. Australianhamest practices yielded predicted annual



meanE. coliO157:H7levels from 0.2 to -3.4 log CFU/g and prevalenceies ranged from 2 to
6.4%. While exclusion of solar radiation from thesbline model yielded a significant increase
in concentration oE. coliO157:H7 (-5.2 -log fold), drip irrigation usage olxsion of manure
amended soil and rainfall reducBdcoliO157:H7levels by 7.4, 6.5, and 4.3-log fold,
respectively. The microbial quality of irrigatiorater and irrigation type both had a significant
effect onE. coliO157:H7concentrations at harvest (p<0.05). The probakolityiness due to
consumption oE. coliO157:H7 contaminated fresh cut- cos lettuce whatemwashing
interventions were introduced into the processinglate, was reduced by 1.4-2.7-log fold
(p<0.05). This study provides a robust basis feeasment afisk associated witk. coli
0157:H7 contamination on fresh cut-cos lettucdridustrial practices and will assist the leafy
green industry and food safety authorities in Aalgrto identify potential risk management
strategies.
1. Introduction

Changes in consumers’ behaviors and attitudes tsaAaalthy diets over the last two
decades have resulted in increased consumptiaesif produce (Rekhy and McConchie, 2014).
Concomitantly, increased number of foodborne ouatksdinked to consumption of fresh
produce have also been reported. Fresh produdteis@aten raw, receiving no or minimal
processing, resulting in significant potential pathogenic contamination across the value chain
and thus, illness upon consumption. According teryeviewed literature collated from 1980 to
2016, fresh produce was involved in 571 outbreaksch resulted in 72,855 cases of illness
around the world (Machado-Moreira et al., 2019).il/most of these outbreaks and cases of
illness were recorded in North America and Eurdgadhado-Moreira et al., 2019), the

proportion of produce-linked outbreaks and caseknefss in Australia were less than 5% and



11%, respectively (Li et al., 2018). The most comrtype of fresh produce implicated in these
outbreaks was leafy greens, which accounted foerti@an 50% of reported outbreaks
(Machado-Moreira et al., 2019). A risk assessmentacted by the Food and Agriculture
Organization (FAO) of the United Nations, rankeafyegreens as the highest priority in terms of
the safety of fresh fruit and vegetables (WHO, 2008

The etiological agents identified in outbreaks édKko leafy greens ranged from bacteria
(Escherichia coli, Salmonellgpp.,Shigellaspp.,Staphylococcuspp.,Bacillusspp, Clostridium
spp.) to viruses (hepatitis A virus, human norasjrand protozoadyclosporaspp.,
Cryptosporidiunspp.) (Herman et al., 2019. coli0157:H7 was the most commonly
implicated contaminant, while cos lettuce was tlesincommonly implicated vehicle (Turner et
al., 2019). Frequent involvementBf coli O157:H7 in outbreaks linked with leafy greens nsake
this pathogen-commodity combination the highest cencern for government agencies,
industries, and the public in terms of producetyaf&nderson et al., 2011).

Australia has had a moderate rate of reported eakisrand recalls related to leafy greens
compared to the European Union and the United Statest al., 2018), and a very low
prevalence of pathogenic bacteria in leafy greBI®/N/FA, 2007). However, cognizance of
fresh produce-linked outbreaks in other nationsomdy highlighted the existing potential for
foodborne pathogens to be present on leafy greeAsstralian production conditions, but also
the urgent need for a rigorous risk assessment,d2018). To this end, Australian
government officials have adopted a pro-active eag, and requested Food Standards
Australia New Zealand (FSANZ) to identify appropeiaegulatory and non-regulatory measures

for Australia to manage food safety risks in legfgens (Forum, 2018)



To minimize the risk associated with microbial halseof leafy greens, effective food
safety intervention strategies need to be impleatktitroughout production, processing,
distribution and storage (Gil et @&2015). As with other fresh produce, foodborne pgémo
contamination of lettuce can occur anywhere albegsupply chain. It is known that warm-
blooded animals such as cattle are a natural reisdor E. coliO157:H7 (Berry and Wells,
2010), and the use of cattle manure as a soil amenidcould induce migration &. coli
0157:H7 not only into fresh produce but also inttev supplies through soil (Russell and
Jarvis, 2001)Even though Australian cattle manure has a vemydevalence oE. coli
0157:H7 (1.7%) (Barlow and Mellor, 2010) comparéehtose of Florida (9%),an intense
agricultural production region in the United StatBaker et al., 2019), it poses a significant
health risk to consumers when used as a soil amemidmthe production of leafy greens. While
contaminated irrigation water and manure-amendééisothe main sources of preharvest
contamination (Gil et al., 2015), interactions be¢w produce and infected food handlers,
contaminated surfaces or water, and imperfect pogtist conditions (i.e., retail and home
storage temperature), are critical factors in parstést contamination (Pang et al., 2017).
Therefore, appropriate risk management strategigsipon the proper understanding of each of
these factors.

An enhanced understanding of food safety can bieasth through the usage of a risk
assessment and risk management approach that sesipazard identification and produce
consumption scenarios in probabilistic modelingnas quantitative microbial risk assessment
(QMRA). To address the complexity of food safeuiss in the application of QMRA, the
World Health Organization (WHO), and the FAO of theited Nations, both have a crucial role

in the deliberations of international standardisgtbodies (Dennis et al., 2002). QMRA has



been widely applied in leafy greens across theevahain fork. colior E. coliO157:H7 in many
countries such as Japan (Koseki and Isobe, 20@heNands (Franz et al., 2008), Canada
(Ottoson et al., 2011), United States (Danyluk 8odaffner, 2011; Pang et al., 2017), and Spain
(Allende et al., 2018; Castro-Ibanez et al., 2(Aanz et al., 2010; Rodriguez et al., 2011,
Tromp et al., 2010), India (Kundu et al., 2018).d&ate, there is no published QMRA model of
preharvest and postharvest practices in Austrati& fcoliO157:H7 in cos lettuce. The unique
geographical location of Australia offers a widaga of weather conditions and agricultural
practices for leafy greens to be grown and hardesileyear around. Concomitantly, daily
exposure to environmental and climatological faxtmave been known to induce changes in
microbial community structure in the phyllosphetgidg primary production (Vorholt, 2012).
For example, there is greater emission of ultr&ticadiation in the Southern hemisphere than at
an equivalent locations in the Northern hemisplecause the former receives 7% more solar
radiation intensity and has cleaner @sies, 2003). In a recent meta-analysis, Dao.¢RaPr0)
found that environmental conditions have an impuré&dfect on the die-off rate &. coliin
manure-amended soils. Considering the higher lefedslar radiation and hours of sunlight in
Australia than at an equivalent location in Northkemisphere where the majority of the risk
models have been developed, the generation ofmtlels from local data is essential so that the
effects of agricultural and processing practiceshenmicrobial safety of leafy greens can be
assessed appropriately. The outputs of this madééftuce may assist in the design of
preventive measures and intervention strategiesdioce microbial risks for the Australian leafy
green industry. Thus, the objective of this redeavas to develop a quantitative microbial
contamination model to evaluate the impact of déifie preharvest practices and conditions (i.e.

seasonality, solar radiation, rainfall, manure esagigation water quality, and irrigation type)



and postharvest practices (washing, retail, pogéishland home storage) on the levelg.ofoli
0157:H7 associated with fresh cut-cos lettuce. Mbdel simulation focused on conditions in
Sydney, Australia as a representative example @iftansive agricultural region for leafy greens

production in Australia.

2. Material and M ethods

2.1. Overview of the model

Exemplar risk models that were developed in tharS@slende et al., 2017), and the
United States (Pang et al., 2017) were used wittlifications in distributions to mirror the
Australian industrial leafy green practice to estienthe likelihood oE. colicontamination of
leafy green. To this end, the QMRA model developgdllende et al. (2017), was considered
as a solid baseline to assess the effects of diffexgricultural practices and weather conditions
on contamination of lettuce . coliO157:H7 (CFU/g) at preharvest level, whereas theRAM
model generated Pang et al. (2017) was used asedirie to evaluate postharvest practices for
fresh-cut cos lettuce in Australia. The probahdistodel that comprised industrial preharvest
and postharvest activities for cos lettuce growAustralia was built in Excel and executed in

@Risk software (V 7.3.1. Palisade Corporation, US).

2.2. Baseline scenario



The baseline model was of cos lettuce planted iopam field in Sydney duringummer
(December-February) and assumed constant envirdaheamditions (Table 1). The summer
plantation period (number of days between sowirdytmarvest) was provided by a commercial
lettuce producer (Table IJhe average days of rain for each season oveastéWo decades
were obtained from The Australian Bureau of Met&myp database (BOM, 2020). Due to the
availability of vast amounts of meteorological Ja®ERT distribution (min, most likely, max)
was used for rainfall and solar radiation (TableBgsed on the results from previous studies
(Allende et al., 2017), the prevalencekofcoli on leafy greens during crop cultivation was
assumed to be constant, and contamination throwgiura-amended soil and irrigation water
were assumed to be steady throughout the growingdoe

Recorded levels d&. coliin irrigation water and manure-amended soil intfala were
included as an input of the model (Table 2). Theaber ofE. coli O157:H7 in irrigation water
and manure-amended soil was predicted using timatstl ratio oE. coliO157:H7 toE. coli
from Ottoson et al. (2011). Since overhead sprinktggation is the most common irrigation
method used by producers in the Australian lea@ggrindustry, it was selected for the baseline

scenario of cos lettuce production.

2.3. Risk factors for the preharvest module

In the preharvest module of the QMRA model, theel®f E. coliO157:H7 was
calculated on a daily basis considering the efbégrowing time, rainfall, solar radiation, and
microbial quality of irrigation water and manure-@mded soil during the whole season (Table

1). Daily contamination arising from irrigation @inwater splashing was calculated from the



occurrence of irrigation or rain. The total load éach consecutive day was calculated by
running a loop summing the daily amount of contation ofE. coliO157:H7 from manure-
amended soil, irrigation water, rain, and irrigativater splashing, and harvest tools, and
subtracting the number of bacteria inactivated tduggily solar radiation. The output of this part
of the model was the daily concentratiorEofcoli O157:H7 associated with cos lettuce during a

growing season up to the final day of harvest asmlged by Allende et al. (2017).

2.3.1. Manure-amended soil

The distribution of thé&. coliin the manure-amended soil was assessed frommTAea
collected during cultivation in Australia (Table (Hata not shown). Aseptically collected
samples were transported to National Associatiohesting Authorities (NATA) accredited
laboratory in Sydney within 24 hours and maintainaegd10°C. Analysis of samples fiar coli
followed 1SO 16649-2 pour plate method modifiedusing ChromID medium (bioMerieux,
Australia) incubated at 37°C for enumeration witthedection limit of 100 CFU/g. A
RANDBETWEEN function between 0 and 1 (or O and 108fhe samples) was described and
applied to the manure-amended soil data. The usic®ANDBETWEEN function allowed a
random number to be generated for each simulatitmnagiven intervals (from 0 to 1). A
certain fraction (30/72) was above the detectiontl{(2.0 log CFU/g). Based on the value
generated being above or below (30/72), an IF fanavas used to determine the concentration
of E. coliO157:H7 in manure- amended soil (Table 1). In thiglel, it was assumed tHat coli
0157:H7 contamination of cos lettuce from manuresaded soil occurred through splashing
from rain and irrigation water and from harvestisd@able 1). Data related to the quantitative

transfer of bacteria from manure-amended soil énfplissue through splashing was not



available for Australian conditions and was therefiaken from Allende et al. (2017). The
probability of rain splashing was assumed to be&d,G@dicating that there was always splashing
from manure-amended soil during rainfall. Similaiftythe absence of quantitative data
describing the transfer rate Bf coli O157:H7 from harvest tools to cos lettuce undestfalian

conditions, data was taken from Yang et al. (2@T2ple 1).

2.3.2. Irrigation water quality and irrigation type

The distribution of th&. colilevels in the irrigation water (Table 1) was basad2062
samples taken in Australia (data not shown). Wgdemnples were tested for indicator bacteria by
Australian Standard/New Zealand Standard (AS/NZ23p47 2007 for thermotolerant coliforms
andE. coliusing membrane filtration with a detection limitloCFU/100 mL. A
RANDBETWEEN function between 0 and 1 (or 0 and 10if%he samples) was again
described and applied to irrigation water data aithetection limit of 1.0 log CFU/ml (Table 1).

In addition, using overhead irrigation as the basethe impact of drip and furrow

irrigation were also assessed by using data givé&tine et al. (2005) (Table 5).

2.4. Risk factors for postharvest module

2.4.1. Washing
Washing of cos lettuce in Australia typically inves water and a sanitizer such as
chlorine, peroxyacetic acid (PAA), or both in comdtion. The efficacy of water washing,

chlorine, and PAA to decontaminde coli reduction of O157:H7 from cos lettuce leaves was



modeled using uniform, normal, and PERT distribngiarespectively, based on the experimental

data generated in this study (Table 1).

2.4.2. Cross-contamination during processing

Cross-contamination among individual lettuce hehd®g processing was modeled by
using data from Perez-Rodriguetzal. (2011) to calculate the numbeofcoli O157:H7

transferred during washing. Calculation detailspaesented in Table 1.

2.4.3. Conditions during storage and transportation

Nine cases containing nine 300 g of ready to eshficut lettuce were instrumented with

a Hygrochron iButtoR" (DS1923; ThermodafaPty. Ltd.) temperature and RH sensor to

measure conditions surrounding the produce; a tsesnprobe (Tinytag Plus 2 TGP-4020;
Hastings Data Loggers Ltd.) to measure produce ¢eatpre; and a GPS tracker (SU-6800 Mini;
Simply Unified Pty. Ltd.) to track, locate, and maee distance travelled by the produce in real-
time. Each instrumented case were placed in theggaéllet levels (top, middle, and bottom) as
described previously McKellar (2014b) across titdiferent pallets. Time and conditions
(temperature and RH), and GPS readings were reg@atdEs-, and 5-min intervals, respectively.
Four separate trials were carried out for retdilgupply chain operations for every season over a
year, although some data was lost due to tracksrdo malfunction. Consequently, reliable
temperature profiles were obtained for 32-casesttiide. The collected data were fitted to a

PERT distribution to describe retail storage terapge for cos lettuce (Table 1), with an

10



assumed maximum duration of 10 days, an averagelafs, and a minimum of half a day.
Home storage time was modeled on US data from IBbetil al. (2010). The temperature and
duration of transportation from retail to home weatimated using calculations in a risk

assessment study by Pang et al. (2017).

2.5. Microbial kinetics of E. coli O157:H7 on cos letauc

For the preharvest module, the effect of solaratimt level (W/n) on the inactivation
of E. coliO157:H7 in the field during cultivation in Australivas defined by the following die-
off model;

logN;/Ny = —k =t Q)
wheret represents time (days),is the die-off rate (log CFU/g/day), and whékgis the initial
number of survivors, and;Xepresents the number of survivors at a certaia i) (Ottoson et
al., 2011). Inactivation dE. coliO157:H7 on cos lettuce was calculated for Austrefield
conditions based on the relationship between dieaté and solar radiation levels determined in
previous studies (Allende et al., 2017; Ottosoale2011) (Table 1 and 5).

To consider the dynamic nature of environmentaldattons on survival oE. coli
0O157:H7 on fresh cut-cos lettuce in the posthamextule, a threshold temperature of 5°C was
used as the cut-off between growth and inactivatibcKellar et al., 2014; Pang et al., 2017).
While inactivation oft. coliO157:H7 was defined with a die-off model at tenapares below
5°C (Eqg. 1), a growth model was used to deternhiearicrease ik. coliO157:H7 numbers at

temperatures above 5°C (Eq. 2) as proposed by Rakyoet al. (1982).

u= b(T - Tmin) (2)

11



In Eq. 2,u is the growth rate (log CFU/g/H),is the temperature coefficiefitand Ty, are

temperature (°C), and theoretical minimum growthgerature, respectively (Table 3).
2.6. Dose-response relationship and risk characterizatio

The daily dose oE. coliO157:H7(D, log CFU /day) that the consumer is exposed to
was defined as described by Hamilton et al. (2006);

D (CFU/day)=Cy X Mpogy X M; 3)
whereCy is theE. coliO157:H7 concentration in cos lettuce at home (I6&0)Q), M; is the daily
consumption amount for the fresh cut-cos lettugeppeson (g.personday), and Mpoqay is the
human body mass (kg).

The Beta-Poisson dose-response model used inttichg was based on animal studies,
and first reported by Haas (1983). The risk predidy the Beta-Poisson dose-response model
was concordant with illness rates evidenced in lfoode outbreaks (Haas et. al 2000), thus it
was found adequate to describe the human morliidkyof a highly virulent pathogen like.
coli O157:H7 (Teunis et al. 2008). Concomitantly, tekested dose-response model was used in
many risk assessments, including a QMRAEocoli O157: H7 in leafy greens by Danyluk and

Schaffner (2011) and Pang et al. (2017).
P =1- (1 + %) X Prev 4)

In Eq. 4,P;(4) is the probability of illness per day,is the number of organisms ingested per
day (i.e,. a dose), and(0.267) and (229.2928) are model parameters reported by Cassin

(Cassin et al., 1998) (Table 4).

12



An estimate of the annual risk of infection in Aadia was calculated based on the
assumption that irrigation of fresh produce andscomption of those fresh products is a daily
event which occurs year-arount=g65) (Haas, 1983) (Table 4);

P (A =1-[1-PD]" ()

An estimate of the annual number of cases ofshria Australia was calculated as the

product of the annual risk of infection and the ylagon of Australia.

2.7. Scenario analysis

To assess the effect of different preharvest asthpovest practices on levelsEfcoli
0O157:H7 on cos lettuce in Australia, 17 scenariessvevaluated (Table 5). Summer harvest was
considered as the baseline scenario (Table 1) aafication in distributions were used to
compare the outcome of each scenario (Table 5)effhets of different growing times, harvest
seasons, rain events, and solar radiation were@eal using six scenarios (Scenario 1 to 6).
Another set of scenarios was used to evaluatentpadt of agricultural practices with variable
irrigation water quality and type (Scenario 7 tQ 48d manure quality (Scenario 13). A final set
of scenarios (Scenario 14 to 17) were used to atalkhe efficacy of water washing and the use
of chlorine and PAA.

Preliminary analysis was used to determine the murabiterations required to provide
an acceptable degree of stability in percentille estimates where repeated simulation runs with
different numbers of iterations were performed dredoutput reproducibility as considered for
the mean, median, and high-end (90th, 95th and [@&ttentiles) forecasts. Each simulation was

repeated five times to examine the output stabMiile the minimum number of iterations
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required to constantly stabilize high-end foreca$ts0.5% variance was ~100,000 for
preharvest module, it was ~200,000 for posthamestule. For each preharvest and postharvest
scenario, to assure precision in high-end forectstsdeveloped model was simulated five times
by using @Risk, Version 7.3 with the Monte Carlmgiation technique using 1,000,000
iterations for each run by Latin Hypercube sampling

3. Results and Discussion

Under Australian industrial preharvest practichs,developed probabilistic QMRA
model predicted annual me&ncoliO157:H7levels from 0.3 to -3.4 log CFU/g, and
prevalence values ranged from 2 to 6.3 %. Basdad@meta-analysis performed by Elias et al.
(2019) onE. coliO157:H7 prevalence and concentration in lettucegusvailable worldwide
data, average preharvest practices yielded a hgybgalence (5-7.8%) and concentration values
(from 0.48 to 3.04 log MPN/g) than Australian inttiied preharvest practices. The results of this
study highlights that a large variation of the @lewce and concentration Bf coliincluding
0157:H7, VTEC, STE® lettuce between developed countries such as &wgtbderstrom et
al., 2005), Spain (Castro-lbanez et al., 2015),@admany (Fiedler et al., 2017), and developing
countries including Iran (Khandaghi et al., 20Idglaysia (Kuan et al., 2017), and Pakistan
(Shah et al., 2015) and Australia might be attedub different agricultural production
environments, in particular meteorological diffezes. Even though it's been known that
meteorological and environmentainditions have an important impact on the amotii. @oli
0O157:H7 on leafy greens at harvest, (Allende e8all7; Castro-lbanez et al., 2015; Oliveira et
al., 2012; Park et al., 2015), employment of a ersal risk management strategy for in-field
food safety management systems, may not be idei@rwertain environmental conditions, and

may either underestimate or overestimate microiskl This indicates the importance of
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conducting further studies focusing on specifid@agdtural production environments over
different seasons for reliable risk model developine

For Australia, the developed model predicted thatsgeason in which cos lettuce was
harvested had a significant influence on risEotoliO157:H7 contamination in the field
(Figure 1a). For example summer harvest of cégdetoccurs under a relatively high mean
ambient temperature (23+0.9°C), a mid number afyrdiays (62 days), and after the shortest
growing cycle (35-45 days). These harvesting comaityielded a mean predictgd coli
0157:H7level of -1.1 log CFU/g with a prevalence valuee@% (Table 6). Even though
summer harvest of cos lettuce had the highest sadéation intensity ((370+13 W/hand
longer sun hours (10.4+1.7 h), spring harvest sfletiuce yielded the lowest mean predicted
level of E. coliO157:H7with a value of -3.4 log CFU/g at harvest (TableTd)e lowest
predicted levels oE. coliO157:H7in spring harvest of cos lettuce might be attridute
individual or a combination of meteorological amieonmental factors including the second
highest solar radiation intensity (312.5+20.4 \f}/iand sun hours (9.3+1.1 h) and most
importantly, longer growing cycles (55 to 65 daygn the summer season. On the other hand,
a winter harvest scenario with longest growth cyc{@0-80 days) only reduced the mean
number ofE. coliO157:H7 by 0.6-log fold compared to summer seapof0(05). Even though
in winter, increased bacterial decay would havenleegpected due to longer growing cycles
season, the low temperature (13.7 + 0.7°C) anddbs@ar radiation intensity (69.4+15.7 Wjm
might be the factors that have been associatedamitanced microbial survival (Oliveira et al.,
2012). Interestingly, an autumn scenario yieldedhighest mean levels Bf coliO157:H7

compared to other seasons (p <0.05) and showeattezase of -0.2-log fold relative to summer

15



harvest (p>0.05) (Figure 1a). The combination ghbist number of rainy days (10.3+2.3 days)
and second lowest solar radiation (104.2+23.2 f)/fnight be factors associated

with the highest mean levels Bf coliO157:H7 at autumn harvest. This finding is in agrest
with others (Allende et al., 2017; Castro-Ibanealgt2015; Machado-Moreira et al., 2019) in
which rain events and solar radiation intensityendentified as the most significant weather
related factors that lead to an increase in lef/phthogens in fresh produce at autumn harvest.
Overall, the large variation in the mean predidedoliO157:H7levels on cos lettuce over
different seasons might be influenced by a rangedi¥idual and interacting meteorological and
environmental effects, such as solar radiatiomitg and rainfall, and highlights the
importance of further studies that explore the iotjwd each individual factors.

Further investigations of the effect of key weathedated factors in Australia on the
survival ofE. coliO157:H7 at preharvest level were performed bywekob solar radiation and
rainfall from summer harvest as the baseline mfgure 1a). The results revealed that both
rainfall and solar radiation intensity have beesnitfied as critical factors that affected the mean
predictedE. coliO157:H7 levels on cos lettuce (p<0.05) in comparigobaseline model. While
summer harvest with no solar radiation yieldedgaificant increase in mean predicted numbers
of E. coliO157:H7 (5.8 log CFU/g with a -5.3 -log fold chahgexclusion of rainfall reduced
the mean number &. coliO157:H70n cos lettuce by 6.5-log fold relative to summanest
(baseline model) (Table 6). High solar radiatioemsity is linked with greater rates of die-off of
enteric bacteria under both shady and sunny comgi{Sidhu et al., 2008). However, the
limited data on the contribution of a rain eventtloa frequency and magnitude of pathogen
transfer rate in field, highlights the importanddudure studies focusing on these themes for

precise characterization and management of midrabla To this end, the majority of fresh
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produce safety management guidelines rely upomibmobial die-off rate between the last
water application and harvest at a rate of 0.5d6¢/day, for up to four days (FDA, 2015) with
no consideration for any location based weathetedlfactors such as solar radiation intensity,
number of rain events, etc. Moreover, the scadfityie data on the quantification of microbial
behavior in the field at specific growing locatiasther than the United States (where the die-off
rate of 0.5 log CFU per day is based on), highighe importance of risk model development
based on local data and reflects the diversityevaling meteorological and environmental
conditions.

In comparison with other vegetable production ragim Australia, Tasmania, an
important producer of fresh produce in the coun'gharacterized with cool temperate climate
with four distinct seasons, along with highly difatiated rainfall and available sun hours (Holtz
et al. 2010). Thus, it is of great interest to asgheE. coliO157:H7 risk associated with the
cultivation of cos lettuce in Tasmania. To thisleine impact of rainfall, solar radiation, and
available sun hours on tle coliO157:H7 levels at harvest in Launceston, Tasmavea
summer season was evaluated using cos lettuceatalliin Sydney (summer) as a baseline. In
general, the predicted mekncoliO157:H7 levels in cos lettuce that was cultivate@lasmania
were higher (95%CI1=-1.91,6.34 Log CFU/qg) witk2a2%- log fold change than those of Sydney

as baseline (Supplementary Figure 3).

The variation of the concentrationBf coliO157:H7 in Tasmania might not only be

attributed to meteorological differences betweéesdbut also spatiotemporal heterogeneity of

farm and freshwater environments in the regiofurther underscores the importance of risk
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management strategies considering meteorologicadraand spatiotemporal heterogeneity of
the region for a reliable risk assessment.

Among agricultural practices, manure-amended suallierigation water are both major
reservoirs for foodborne pathogen transfer to frgsiduce and thereby, have an important effect
on the microbial load on fresh produce at harv@stéllos-Cevallos et al., 2012; Girardin et al.,
2005; Keraita et al., 2007; Monaghan and Hutchi20d2). To this end, the removal of manure
amendment from the QMRA model resulted in the ldwesan predicted level &. coli
0157:H7with a value of -7.1 log CFU/g (8599" and 99.9 percentiles; -3.5,-2.4, and -1.4 log
CFUlqg, respectively), and reduced the leveEo€oliO157:H7 on cos lettuce 6.5-log fold
relative to that of summer cultivation levels (Has=model) (Table 6 and Figure 1b). The
significant reduction in the mean level®fcoli O157:H7 levels at harvest when manure
amended soil was excluded from baseline modell(g Jeld) highlighted the fact that manure
amended soil has an overarching effect on ridk.afoliO157:H7 in lettuce at harvest. This
indicates that organic amendment quality shoulchbaitored to eliminate future foodborne
incidences, recalls, or outbreaks linked to leaBegs.

The impact on the irrigation water quality on teedl ofE. coliO157:H7 in cos lettuce
was also assessed by using different sources ef wathe QMRA model. Irrigation using tap
water, surface water, or reclaimed water reducedrtban number d&. coliO157:H7 on cos
lettuce by 3.5, -0.7, and -0.4-log fold relativestanmer cultivation (baseline model),
respectively (Table 6). As expected, there wasifsigmt difference among the irrigation water
types used in this QMRA at selected conditions (PSP(Figure 1b). The usage of tap water
resulted in the lowest mean predictedcoliO157:H7 levels on cos lettuce at summer harvest (-

3.9 log CFU/q), followed by surface (0.8 log CFU/ahd reclaimed water (0.4 log CFU/qg).
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Considering that presence and persistence of foodhmathogens in irrigation water sources are
still major issues for public health (Liu et alg1B), compliance with local guidelines is an
important risk management practice. Australian lrcase guidelines require irrigation water
used in high risk produce (i.e., in which the eeliparts are grown in direct contact with the soll
or are consumed uncooked), including leafy greenisave no more than 100 CFU genéfic

coli per 100 ml of water (FPSC, 2019). Given the fhat theE. colilevels recommended by
Freshcare standards (<100 CFU/100 ml) are lower tih@se of California Leafy Green
Marketing Association in the United States (235 CHI0 ml) (LGMA, 2013), compliance with
Freshcare guidelines is good practice for the Alistn leafy green industry in order to avoid
potential contamination of fresh produce via irtiga water, and highlights the importance of
risk characterization using locally acquired data.

In addition to the risks posed by manure-amendédsd irrigation water, the type of
irrigation system also has an impact on the measl t&f E. coliO157:H7 in cos lettuce at
harvest. While summer harvest with overhead irtogetvas used as a baseline, the impact of
furrow and drip irrigation on mean level Bf coliO157:H7 in cos lettuce at harvest was also
evaluated (Figure 1c). Drip and furrow irrigatie@sulted -8.2, and -6.1 log CFU/g©f coli
0157:H7 in cos lettuce at harvest (Table 6), amdpared to overhead irrigation they both
reduced the mean level Bf coliO157:H7 in cos lettuce at harvest by 7.5, andd&gdoeld,
respectively (Figure 1c). In addition to being samoir for foodborne pathogens, irrigation
water is also considered to be potential vehiadepéthogen transfer from manure-amended soil
to fresh produce (Allende et al. 2017). The usdgkip irrigation reduces the potential for
contamination from manure amended solil via irrgasplashing (Allende et al., 2017; Stine et

al., 2005).While overhead irrigation is more likétyintroduce pathogens than furrow or drip
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irrigation, it has been used not only provide wéberettuce leaves (Moyne et al. 2009) but also
to cool down them (Smith et al. 2011). The lattecdme particularly important for lettuce as a
cool season crop, with an optimal growing tempeeatd 23.8°C during the day and 7°C during
the night (Coloumbe et al. 2020), especially ineptmnally productive agriculture regions such
as California, Arizona in the US, and Victoria, @usland in Australia. Being a cool-season
crop, lettuce is particularly vulnerable to heatss, therefore at the high end of temperature
range, lettuce may bolt, causing bitterness anslpfuffy heads. For regions where, daytime
temperature is above the optimal growing tempeeaitis recommended to use overhead
irrigation only if the water quality is well confted and potable (Uyttendaele et al. 2015). In
response to receht coliO157:H7 outbreak linked to romaine lettuce from ¥Yuma area, new
water safety requirements under the LGMA were puytlace, in which the use of untreated
surface water for overhead irrigation during thed2¥s prior to harvest has been banned
(LGMA, 2019). Even though the type of irrigatiorethod chosen by a grower depends on
several issues, codes of practices are requirstldss the importance of the quality of the
irrigation water source for ensuring safety of frgsoduce (Uyttendaele et al. 2015).

The most important parameters and variables affg&li coliO157:H7 levels on lettuce
during preharvest practices using summer harvest@aseline model were determined by
Spearman’s rank order correlation (Figure 2). Basethe results obtained from sensitivity
analysis, sun hours (-0.44) and growing time (-Dv2dre the most important input factors that
were negatively correlated with contamination (FegR) In contrast, the amount soil transferred
to produce by irrigation (0.53 and numbers of radays (0.32) were identified as the most
important input factors that were positively coated with predicted mean levelsEfcoli

0157:H7 on cos lettuce at harvest (Figure 2). Resalealed that among weather related
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factors, sun hours, thereby, solar radiation wastifled the most significant factor affecting the
elimination of microbial risk, whereas rain eveattthe highest contribution to the increase of
overall risk at preharvest level, and underlying itmportance of locally acquired data usage.
Since the amount soil transferred to produce hgation is dependent on the type of irrigation,
selection of drip or furrow irrigation rather thamerhead irrigation avoids the contamination
from manure amended soil via irrigation water, afehtified as an important risk management
practices for growers to apply at preharvest le®#her influential factors that were positively
correlated with predicted mean number&otoliO157:H7 at harvest weke coli concentration
in manure-amended soil (0.11), amount of watersfiexned (0.11), bacterial transfer from soil to
produce (0.09), anH. coliO157:H7 concentration after irrigation (0.06)(Fig@). The
corollary of these correlations is for implemerdatof good agricultural practices (GAP) to
avoid contamination via manure-amended soil armhésof few factors within grower’s control
(Islam et al., 2004; Natvig et al., 2002). To thrd, the Fresh Salad Producers Group - PMA
Australia-New Zealand (Group, 2019) prohibits tse of untreated manure. and if untreated
manure is applied, requires a 365 days exclusiangerior to production of leafy greens. For
weather-related factors such as sunshine hourajmggdime, and number of rainy days that
growers have no control over and GAP cannot beiegppd, growers are encouraged to assess
their own risk, and take necessary actimnmaanage, eliminate, or reduce risk to an acceptable
level.

The baseline model of this QMRA predicted thatrttean number of cases of illness per
year in Australia due to consumption of fresh cog-tettuce contaminated wih coli O157:H7
was 43. Due to the lack of epidemiological datadéafy greens linkeé&. coliO157:H7 illness

in Australia, no formal model validation was perfaad. Thus, the total number Bf coli
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0157:H7 illness associated with the consumptiootleér food commodities were used to make
a comparison. The incidence®f coliO157:H7 infections reported in Australia was 13esa

per year, which includes only foodborne cases (®z2820). Taking into account an
underreporting factor of 26.1% used by Danyluk ScHaffner (2011), the predicted number of
cases of iliness per year in Australia came tac&grly surpassing the reported number of cases
of iliness per year in Australia. The mean probgbdf illness per year for the baseline study
was 4.9x10 (90", 95" and 99 percentiles; 1.7x1f) 3.9x10°, and 7.0x186, respectively). The
mean probability of illnesses associated with thiesamption of th&. coliO157:H7
contaminated lettuce reported by this study werelai with those of other developed countries
including Canada (water rinsed lettuce; 1.0 p@r year), (Ottoson et al., 2011) and the United
States (chlorine washed fresh-cut lettuce; 6.6X1€r year) (Pang et al., 2017). Even though a
different dose-response relationship was used byson et al. (2011) and some important
preharvest risk factors such as rainfall, solarata@h intensity along with contamination from
manure amended soil through rain and irrigatiorewatere excluded by Pang et al. (2017), the
similarities between these findings could be linkeeffective usage of food safety standards
among these developed countries. Interventiotesfies such as washing, differed significantly
(p <0.05) in their predicted capacity to reducertbenber of cases of iliness per year and
probability of illness per serving due to consumptofE. coliO157:H7. According to the
baseline model and relative to washing in watey,ai@duction in mean number Bfcoli

0157:H7 was greatest for the sequence of washiagiar followed by washing in PAA (2.7-
log fold reduction) or washing in water followed Washing in chlorine (2.2-log fold reduction).
The reduction was lowest for washing in chlorinéydt.4-log fold reduction) or washing in

PAA only (1.6-log fold reduction) (Table 7). Theeauof chlorine and PAA as sanitizers in wash
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water have been studied extensively, and simitatifigs regarding the effectiveness of these
sanitizers againgt. coliO157:H7 on leafy greens have been reported byothepez-Galvez
et al., 2009; Petri et al., 2015; Veschetti et2003). The enhanced efficacy of water washing,
when followed by washing in PAA or chlorine, suggedbat the use of sequential treatment
would be a worthwhile focus of further researclopdimize industrial cos lettuce washing
practices.

A sensitivity analysis showed that the predictethber of cases of iliness per year was
most sensitive to retail storage temperature (QHahe storage temperature (0.11), and washing
(-0.10) among postharvest practices. Once a pragecintaminated, exposure to abusive
storage conditions during the postharvest stagelezay/to microbial growth and a higher
number of pathogens at consumption. Thus, posteat®mperature control was considered as
one of the most important control measures affgdtie predicted number of cases of illness
cases per year and the probability of illness perisg due to consumption & coliO157:H7.
Similar to others (Danyluk and Schaffner, 2011080 et al., 2011; Pang et al., 2017), this
study highlighted the importance of environmentahitoring and maintenance of adequate
postprocessing conditions to eliminate risk assediavith presence d&. coliO157:H7.

The development of a QMRA model using local datd thflected Australian preharvest
and postharvest practices torcoliO157:H7 in cos (romaine) lettuce was a resourtansive
but invaluable activity as it enabled the generatibrealistic estimates of risk. However, it was
necessary to use several credible assumptiong imtidel due to a lack of specific data or
knowledge. These assumptions included: steady wamddion through manure-amended soil
and irrigation water throughout the growing per{ddlende et al., 2017); constant ratio between

generic and pathogentt coliin irrigation water and manure-amended soil (Petray., 2017);

23



and constant environmental conditions during eaesan (Allende et al., 2017; Allende et al.,
2018; Castro-Ibanez et al., 2015). Despite thesigdiions, the developed QMRA model
remains useful because it provides, not only esémaf the risk, but also a baseline to compare
different scenarios. This could aid Australian nis&nagers to mitigate and/or control risk

involving E. coliO157:H7 in fresh cut- cos lettuce production.

Conclusion

Generation of QMRA models to assess Australiangedst factors including:
seasonality (growing time, temperature), weathanfall, solar radiation), agricultural practices
(manure amended soil and irrigation water qualdyy irrigation types (overhead, drip, furrow)
and postharvest practices (washing, distributiod, storage) foE. coli O157:H7 in fresh cut-
cos lettuce, will assist the leafy green indusing food safety authorities in Australia to identif
potential risk reduction strategies. It was foulmat the level oE. coliO157:H7 in cos lettuce at
harvest was significantly affected by a range diiidual and interacting environmental effects,
including solar radiation intensity, rainfall, growg time, manure usage, irrigation water quality,
and irrigation types.While exclusion of manure asdge of drip irrigation reduced the level of
E. coliO157:H7 in cos lettuce at harvest in comparisaédbaseline model, the exclusion of
solar radiation yielded the highdstcoliO157:H7 concentrations in cos lettuce at harvest.

In order to develop reliable microbial risk assestmeodels, these findingdso emphasized the
usage of local data that take into consideratieruthique environmental conditions, and
agricultural practices. Our data suggests thatiffeeof a sequential washing treatment, as part of

Australian industrial practices, could reduce thblig health risk associated wikh coli
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0157:H7 compared to water washing only. Meanwhdmperature control was the most
important postharvest control to reduce the predictumber of iliness cases per year and
probability of illness per serving due to consumptofE. coliO157:H7. Even though the
QMRA presented here has a number of assumptionbraiations, it provides a valuable
insight into the risk associated with leafy greand provides a means for prioritizing risk

management actions.
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Figure captions
Figure 1. Cumulative density functions f&. coli O157:H7 levels at harvest for a)seasonality
(baseline(summer): (95%CI=-5.97,3.19); autumn:( @5%44.46,4.44); winter:( 95%Cl=-
5.28,3.50); spring:( 95%CI=-8.42,1.13), and metagmal factors (no solar (95%CI=1.74, 9.19);
no rain:( 95%CI1=-8.64,-1.14) and b) agriculturadgiices (baseline(summer): (95%CI=-
5.97,3.19); no manure (95%CI=-11.90, -2.96); tapewg95%CI=-8.21,-0.27) surface
water:(95%Cl=-5.19,2.81); reclaimed water:( 95%@I188,4.05), c)irrigation types
(baseline(summer-overhead irrigation (95%CI=-5.9R§ drip irrigation:( 95%CI=-13.06,-
3.98) furrow irrigation:(95%CI=-10.98,-1.89).
Figure 2. Tornado graph indicating the most important paranseand variables affectirkg coli
0157:H7 levels on lettuce during preharvest prastiSpearman’s correlation coefficients

obtained from @Risk sensitivity analyses are shoeuxt to each bar.
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Table 1. Overview of inputs and distributions for baselinedul for levels oEscherichia colon cos lettuce during preharvest
conditions and practices in Australia. CFU — colémryning unit.

Symbol Description Distribution or value Unit Sour ce
Field conditions
Darowing Growing time in summer =Round(RiskPert(35,40,45),0) Days Local data
Drain Rainy days in summer =Round(RiskPert(1,6,11),0) Day Local data
Contamination from manure-amended soil (MAS)
RANDBETWEEN Distribution randbetween (0,1) =Randbetween(0,1) - Calculated
MAS
Cumas+ E. coliconcentration in positive MAS :R'SkcumU|(0’32292’{8’352%;'4'61’229}’{0'11 CFU/g manure Local data
Cuas- E. coliconcentration in negative MAS =RiskUniform(0,100) CFU/g manure Local data
Prevyas Prevalence in MAS =30/72 - Local data
Ruas : . : Ottoson et al.
E. coliO157:H7 ratio ~10"RiskNormal(1.9,0.6,RiskTruncate(,0)) (2011)
. ) . =If(Randbetweefias >Prevgas, LogicCuas, Log CFU/g
Cuas E. coliO157:H7 concentration in MAS 0,Gurss)*R manure Local data
Contamination from irrigation water (IW)
Dirrigation Irrigation days in summer =dRwing ~Drain Days Calculated
C W qualit =RiskCumul(0,829.19,{0,4,31.6,236.38,829. CFU/100 ml Local data
W+ q y 19},{0.8,0.87,0.95,0.99,1}) water
RANDBETWEEN Distribution randbetween (0,1) =Randbetween(0,1) - Calculated
W
Prewy Prevalence oE. coliO157:H7 in IW =101/2062 - Local data
R E. coliO157:H7 ratio =10"RiskNormal(1.9,0.6,RiskTruncaa Ott?zs(c))&()at al.
Amount of IW transferred to produce during o . Allende et al.
Tro irrigation via overhead irrigation =Riskuniform(1.8,21.6) ml/g produce (2017)
. . Lo _ . CFU/100 ml
Cw Concentration oE. coliO157:H7 in IW =If(Randbetwegn Previy,0, Gw+)*R water Calculated
Increase irkE. coliO157:H7 concentration in Log CFU/
ACw W = 106i(Cuw)* Tror * Dimigaior/ 100 oduce Calculated
Contamination from MAS via irrigation water splashg (IWS)
Pws Probability of IWS =RiskPert(0.02,0.04,0.06) - Fzaet al. (2008)
Ms.| Amount of soil transferred to produce by IWS =Risk&85eneral(0.4,0.8,0.05,16.4) g soil/g produce AIIe(gS;e)t al.
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tsL Bacteria transfer from soil to produce =RiskUnif¢®n35,0.9) % Girardin etal.

(2005)

ACuws Increase irk. coliO157:H7 concentration in =Cuas * Dirigation * Ms.L * ts. * Piws Log CFU/g Calculated

produce after IWS produce

Contamination from MAS via rain splashing (RS)
. Allende et al.

Prs Probability of RS 1 (2017)

Increase irkE. coliO157:H7 concentration in _ N s s+ % Log CFU/g
ACks produce after RS =Cwuas * Drain* Ms.L * ts * Prs produce Calculated

Contamination from MAS via harvesting tools (HT)

Msoil_HT Attached soil on HT 10.22 g/blade Yang et al. (2012)
NHT-L Number ofE. coli0157:H7 cells per blade s * Meoil 1T Log CFU/blade Calculated
thTL Transfer rate from HT to produce 0.0013 - Yanglef2012)

Increase irkE. coliO157:H7 concentration in _ . Log CFU/g
ACu produce after contact with HT = Mur* tur /1500 produce Calculated

Reduction through solar radiation
hsun Sun hours per day =RiskPert(8,10,14.4) h Calculated
Psun Probability of sun =1 —(Drai Darowing % Calculated
Calculated, Ottoson

Ksummer Solar decay rate 0.65 Log CFU/g/day et al. (2011)

Inactivation ofE. coliO157:H7 by solar Log CFU/
ACSR radiation y = I:)Sun *D Growing *( kSummer*( hSun/24) pgrloduceg Calculated

E. coli at harvest

Concentration oE. coliO157:H7 in produce at Log CFU/

Charvest harvest P = ACw+ ACrst ACyyst+ ACyr- ACSR p?oduceg Calculated

Table 2. Concentration oEscherichia colin irrigation water (IW) and manure-amended sBIAS) used for the baseline model.

Concentration Number of positive ~ Cumulative probability Concentration Number of positive Cumulative probability
(CFU/ml 1W) samples F(x) (CFU/gMAYS) samples F(x)*

<1 1647 0.80 <1 8 0.11

1to 10 142 0.87 1to 10 8 0.22

10 to 100 172 0.95 10 to 100 26 0.58

100 to 500 80 0.99 100 to 500 - 0.58

>500 21 1.00 >500 30 1.00

* F(x) refers to the cumulative probability F(xY&i+1), here i is the rank of the observed datatpand n is the number of data used.
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Table 3. Overview of inputs and distributions for baselinedal forE. coliO157:H7 levels on lettuce during postharvest peastin
Australia. CFU — colony forming unit.

Symbol Description Distribution or value Unit Reference

Prewp Prevalence when entering processing plant 0.27 % calldata

Processing — washing and cross contamination

Log

ACww Log reduction when washing with water =RiskUnifon29,0.67) CFU/g This study
Cww E. coliO157:H7 level after washing Forvest ACww Cll_:oL?/g Calculated
N . . . = Cyw™ Prewe Log Calculated
AW CFU in a unit batch after washing P CFU/g
: \ Franz et al.
= 0,
T Transfer (%) from contaminated lettuce to flume RiskTriang(0,0.01,0.02) % (2011)
Transfer (%) from contaminated lettuce to Cn . o Franz et al.
T, shredder =RiskTriang(0,0.02,0.02) % (2011)
Ts Transfer (%) from contaminated lettuce to &7 . o Franz et al.
shaker =RiskTriang(0,0.01,0.02) %) (2011)
T, Transfer (%) from contaminated lettuce to e . o Franz et al.
centrifuge =RiskTriang(0.01,0.04,0.08) Yo (2011)
5 -
Ts Transfer (%) from contaminated lettuce to RiskTriang(0,0.1,0.24) % Franz et al.
conveyor (2011)
Overall transfer coefficient (%) from facilities to . . 0 Franz et al.
To uncontaminated lettuce = RiskTriang(9.9,15.33,18.83) & (2011)
Number of cells transferred from lettuce to _ . Log
Nest facility surfaces in a unit batch “Naw*(T 1+ T2+ T+ TatT) CFU/g Calculated
Number of cells transferred from facility _ . Log
Nirs surfaces to lettuce in a unit batch =Naw" To CFU/g Calculated
‘ Number of cells in lettuce after processing in a N Log
NEinal unit batch =Naw-Ngs1+Nirs CFU/g Calculated
Spread of contamination due to cross . Pang et al.
S contamination =Riskpert(1,1.2,2) (2017)
Prewp Prevalence after cross-contamination =5 % Calculated
Concentration oE. coli on cos lettuce after N Log
Cap processing = Nrina/ Prevap CFU/g Calculated
Transportation from processing to retail
te.r Transportation time =RiskTriang(6,12,24) h This study
Trr Processing to retail temperature =RiskBetaGeret(7,1.3470,2.8376,4.9987) °C This study
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Retail storage condition

tr Retail storage time =RiskTriang(0.5,4,10)* 24 h This study
Tr Retail storage temperature =RiskNormal(3.8,1.4Risncate(0,13.56)) °C This study
Transportation from retail to home
t Transportation time =RiskLognorm(1.421,0.46478,RiskTruncate(0.1833,87/86 h (Pang et al.,
R-H P ),RiskShift(-0.24609)) 2017)
Tr-HL Temperature before putting in home refrigerator iskRormal(8.386,3.831,RiskTruncate(0,20)) °C (Pz%gls; al.,
TrH Transportation temperature; {fetail-home) =1o*(R+TRrH.1) °C Calculated
Home storage condition
t Time to first —RiskWeibull(1.13,2.84)*24 h (Pouz'g‘fo‘)*t al.,
t, Time to last —RiskWeibull(1.7,7.96)*24 h (Pouillot et al.,
2010)
th Time selected =Vo*(t+t) h Calculated
Th Home storage temperature =RiskNormal(3.4517,2. &4dRTruncate(-5,17.22)) °C (Pazrggl% al.,
Parameters for microbial kinetics
b Growth parameter 0.023 (McKellar, and
Trmin Growth parameter =1.335*5.766% °C Delaquis 2011;
i : . ) Log Pang et al.,
Die-off rate =RiskLognorm(0.013,0.001,Riskshift(0.001))/2.303 CFUIgh 2017)
Hp.R Processing to retail growth rate =(b X (Tp_g — Tmin))2/2.303
Hr Retail growth rate =(b x (T, — Tmin))Z/ 2303 Log
- 272303 CEU/ah Calculated
HR-H Retail to home growth rate =(b X (Tg_pg = Trmin)) g
iy Home growth rate =(b x (T, — Tmin))2/2'3°3
Microbial kinetics
Qrr Growth or die off? =IF(Tp_g > 5,1,0)
ACpr Change irkE. coliO157:H7 level IF(Qp_g =1, up_g X tp_g, —k X tp_g) CII_:?Jg/g
c Concentration oE. coliO157:H7 after Cornr+ AC Log Calculated
PR processing to retail W PR CFU/g
Qr Growth or die off? =[F(Tg > 5,1,0)
ACg Change irkE. coliO157:H7 level IF(Qgr = 1, ug X tg, —k X tg) Log Calculated
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CFU/g

Cr Concentration oE. coliO157:H7 after retail fer + ACR Cll_:oL?/g
Qr-H Growth or die off? =IF(Tg_y > 5,1,0)
ACroH Change irE. coliO157:H7 level IF(Qr_y = 1, up_py X ta_y, —k X tg_y) CII_ZOL?/g
c Concentration oE. coliO157:H7 after retail to CR+ AC Log Calculated
R-H home R-H CFUlg
Qu Growth or die off? =IF(Ty > 5,1,0)
ACy Change irE. coliO157:H7 level IF(Qy = 1, uy X ty, —k X ty) Cl;:(ijg/g
_ _ ' Log Calculated
Cyq Concentration oE. coliO157:H7 at home £+ ACy CFU/g

Table 4. Overview of inputs and distributions for baselmedel forEscherichia coli0157:H7 levels on Australian lettuce
consumption behavior.

Symbol Description Distribution or Value Unit Reference
Consumption
Mpody Body mass =RiskLogNorm(61.429, 13.362) kg Hamilton et al. 8D
Mi Per capita consumption of lettuce =RiskTriang(84,0.123404,0.170155) g(kg.ddy) Hamilton et al. (2006)
D Dose per day = Cq* Myoay* Mi Log CFU/day Calculated
Dose response parameters
o Dose response parameter 0.267 - Cassin et al. (1998)
B Dose response parameter 229.2928 - Cassin et al. (1998)
—-a
P,(1) Probability of illness per day =1- <1 + %) X Prev,p Calculated
P (A Annual probability of illness =1—[1-P,(A)]"*=36> Haas (1983)
Risk characterization
Naus Population in Australia 25469889 ABS (2020)
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Ncases

Number of cases per year

= Nyys X Pr(A) @)

Calculated

Table 5. Overview of the changes made in the baseline sicefuairthe different scenarios.

Symbol Description Distribution or Value Unit Reference
Autumn
Dérowing Growing time =Round(RiskPert(60,65,70),0) Day Local data
Drain Rainy days = Round (RiskPert(5,10,17),0) Day Local data
hsun Sun hours per day =RiskPert(6,8,12) h Calculated
Kautumn Solar decay rate 0.47 Log CFU/g/day Calculated
Prewp Prevalence when entering processing plant 0.28 % Local data
Winter
Dérowing Growing time = Round (RiskPert(70,75,80),0) Day chlbdata
Drain Rainy days =Round(RiskPert(3,5,8),0) Day Local data
hsun Sun hours per day =RiskPert(5,7,10) h Calculated
Kwinter Solar decay rate 0.45 Log CFU/g/day Calculated
Prewp Prevalence when entering processing plant 0.23 % Local data
Spring
Dérowing Growing time = Round (RiskPert(55,60,65),0) Day chbdata
Drain Rainy days = Round(RiskPert(4,8,12),0) Day Local data
hsun Sun hours per day =RiskPert(7,9,13) h Calculated
Kspring Solar decay rate 0.61 Log CFU/g/day Calculated
Prewp Prevalence when entering processing plant 0.21 % Local data
Irrigation water sources
Ciw-Tap water IW quality 0 CFU/ml water Local data
Prevw-tap water Prevalence in IW 0 - Local data
Ciw-surface water IW quality =RiskPert(7,96,390) CFU/ml water Local data
Previw-surface water Prevalence in IW 0.25 - Local data
Ciw-Reclaimed water IW quality =RiskPert(260,860,10300) CFU/ml water Local data
Previ. reciaimed water Prevalence in IW 0.6 - Local data

Irrigation types
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Amount of IW transferred to produce during ml/g produce

Trg T . A =RiskUniform(0.00007,0.00011) Stine et al. (2005)
irrigation via furrow irrigation
Troy Amount of IW transferred to produce during  _piqy \yniform(0.0000006,0.00000088) M/@ Produce gy ot al. (2005)
irrigation via drip irrigation
Washing
Wenorne Chiorine :RlskNormaI(O.gi,'%.g)Z),RlskTruncate(O.S Log CFU/g This study
Wpan Peroxyacetic acid =RiskPert(0.46,1.12,1.34) Lod@F This study

Table 6. Overview of preharvest conditions influenciBgcoli O157:H7 distribution on lettuce at harvest (LodJZd) in different
simulated scenarios.

%L og-
Scenario M ean Std P50 P75 P90 P95 P99 P99.9 P100 fold
change
Baseline (Summer) -1.1 2.4 -1.0 0.6 1.9 2.6 3.8 4.8 6.6 1.0
Autumn 0.3 2.3 0.4 1.9 3.2 3.9 5.0 6.0 7.6 -0.2
Winter -0.6 2.3 -0.6 1.0 2.3 3.0 4.1 5.0 6.4 0.6
Spring -3.4 2.5 -3.3 -1.6 -0.2 0.5 1.7 2.8 4.5 3.1
No solar 5.8 1.9 5.9 7.3 8.3 8.8 9.6 10.2 111 -5.3
No rain -4.7 2.0 4.7 -3.3 2.2 -1.6 -0.7 0.1 1.2 4.3
No manure -7.1 2.3 -7.0 -55 -4.2 -3.5 2.4 -1.4 0.2 6.5
Tap water -3.9 2.1 -3.7 2.4 -1.3 -0.7 0.2 1.1 2.8 3.5
Surface water 0.8 2.1 -0.7 0.7 1.8 2.3 3.3 4.3 5.9 -0.7
Reclaimed water 0.4 2.1 0.6 1.9 3.0 3.6 4.6 5.5 7.2 -0.4
Drip irrigation -8.2 2.3 -8.1 -6.5 -5.2 -4.5 -3.4 -2.4 -0.7 7.5
Furrow irrigation -6.1 2.3 -6.0 -4.5 -3.2 -2.4 -1.3 -0.3 1.3 5.6

Table 7. Comparison of number of illness cases per yeapaoiohability of illness per serving due to consurptofE. coli O157:H7
contaminated lettuce in Australia predicted byliaseline model and other intervention scenarios.
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Number of illnesses per year

Probability of illness per year

Scenario

M ean P90 P95 P99 Mean P90 P95 P99 %L og fold change
Water washing 5 43 99 179 49x1h  1.7x10° 3.9x10° 7.0x10° -
(Baseline)
Chlorine 9 20 73 162 3.5x10 7.8x107 2.9x10° 6.4x10° 1.4
Peracetic acid 8 13 59 152 3.0x10 4.9x10° 2.3x10° 6.0x10° 1.6
Water washing +
Chlorine 6 4 38 137 2.3x10 1.7x10 1.5x10° 5.4x10° 2.2
Water washing +
5 2 26 123 1.8x10 7.7x10° 1.0x10° 4.8x10° 2.7

Peracetic acid
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Highlights:

» Development of a QMRA model f&. coli O157:H7 on cos lettuce based on Australian
practices.

* The usage of manure and quality of irrigation watere found to be very relevant on
pathogen level.

» E.coli O157:H7levels over seasons influenced primarily by sadaiation and rainfall.

* The implementation of GAP is an important mitigatgirategy within growers’ control.

» Postharvest washing, and temperature control wiergified as important risk control
steps.

* Interpretation of food safety guidelines for le#ymroduction varies between countries.

* Risk management strategies should be based ondatzafor reliable risk

characterization.
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