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Abstract

A Quantitative Microbial Risk Assessment (QMRA) was performed to estimate the expected number of listeriosis cases
due to the consumption, on the last day of shelf life, of 20 000 servings of multi-ingredient sandwiches produced by a
medium scale food producer in Italy, by different population strata, defined by infection susceptibility (healthy,

susceptible, transplant recipients and total population).

First, all the sandwich ingredients were analysed for pH, Aw, salt and organic acids content and submitted to challenge
tests at three different temperatures (4, 6 and 10°C) to evaluate their suitability for L. monocytogenes growth. Next, a
stochastic model was constructed simulating the contamination of the ingredients that were‘the besti(bean cream) and
worst (cheese cream) growth substrates. For each substrate, an exposure assessment“was performed, estimating the
number of L. monocytogenes within each serving. Then, two dose-response models were alternatively applied: the first
used a fixed r value for each of the three population groups, while the second considered a variable r value (lognormal

distribution), taking into account the variability in strain virulence and different host subpopulations susceptibility.

The stochastic model predicted zero cases for total population for _both the substrates by using the fixed r approach,
while 3 cases were expected when a higher variability (in virulence:and susceptibility) was considered in the model; the
number of cases increased to 45-52 in the worst scenario, (bean’ cream contamination) assuming all servings would be

consumed by transplant recipients.

An uncertainty analysis was performed/by considering alternative scenarios: a higher mean bacterial concentration
(+0.5 Log CFU/qg) or higher standard-deviation (+0.5) determined evident increases in the expected number of cases,
almost doubling the risk. A similar effect was also exerted by an extended storage time (from 72 to 96 h), in particular
in the worst case scenario. Finally, different protective interventions were evaluated (70/30 N,/CO, packaging, home
cooking or their combination)<Both the interventions resulted in a strong decrease of the risk; MAP packaging, should
be regarded as“the most.promising one, as it can be performed by the producer, who can assure a strict control of the

treatment performances.



1 Introduction

Listeriosis is a relatively rare foodborne disease with an estimated 2536 confirmed cases in the EU in 2016. At the same
time, it raises major concerns, due to high fatality (15-18%) and hospitalization rates (97-99%), when compared to other
microbial pathogens (EFSA, 2015, 2016, 2017) [1,2,3]. L. monocytogenes is widely distributed in the environment; it is
able to grow in a wide range of temperature (from 0 to 45°C) and is resistant to many environmental conditions, such as
high salinity or acidity (Walker et al., 1990) [4]. It is frequently isolated in food production and processing plants, and
can persist for long periods in foods and food-associated environments (farms, processing plants, retail, and households)
(Ferreira et al., 2014) [5]. Although invasive listeriosis can affect healthy subjects, the disease” mainly occurs in
immunocompromised patients, pregnant women, unborn or newly borns and elderly jpeople. Immunocompromised
adults usually experience septicaemia and meningitis, while pregnant women often present non-specific symptoms (e.g.
fever and prostration) followed by abortion, stillbirth, premature birth or newly bornwith bacteraemia and meningitis
(Jackson et al., 2010; Silk et al., 2012) [6, 7]. Consumption of contaminated.food is by far the main source of
transmission, except for newly born, which are contaminated transplacentally;-during or after delivery, when the mother
is infected. A wide variety of raw and processed foods, including milk and dairy, meat, eggs and their derived products,
as well as seafood and vegetables, may be contaminated with”L. ’monocytogenes (EFSA, 2017) [3]. Outbreaks and
sporadic cases of listeriosis are predominantly associated ‘with”long-shelf-life refrigerated Ready-To-Eat (RTE) foods,
as they are intended for consumption without any.decontaminating treatment (EFSA, 2017, 2018; Farber and Peterkin,
1991; WHO-FAO, 2004) [3, 8, 9, 10]. A particularly important RTE typology is represented by sandwiches: these
foodstuffs are characterized by an intense:manipulation during the production process, as well as by the use of different
ingredients, which increase thesnumber, of potential contamination sources (Cossu et al., 2016) [11]. Various authors
have already found L. monaocytogenes in sandwiches in different countries such as the United States, United Kingdom,
Italy, Algeria, Turkey and South Africa (Bouayad and Hamdi, 2012; Bliyukyorik et al., 2014; Christison et al., 2008;
Little et al., 2008; Meloni‘et al., 2009; Shen et al., 2006) [12, 13, 14, 15, 16, 17]. Moreover, several listeriosis outbreaks
were reported,iespecially in nosocomial environments, due to the consumption of contaminated sandwiches purchased
from shops’or vending machines. Examples of such outbreaks have been frequently reported in the United Kingdom,

where eight outbreaks caused by sandwich consumption occurred between 1999 and 2011 (Little et al., 2012) [18].

Quantitative microbial risk assessment (QMRA) is often used to evaluate risks in food safety, as it offers a logical and
structured approach to assess risks due to the consumption of a hazard in a specific food. This methodology has been
widely applied to several RTE foodstuffs (EFSA, 2018; Carrasco et al., 2010; Matagaras et al., 2010; Nauta et al., 2003)

[8, 19, 20, 21]. Although a QMRA-based assessment of Norovirus transmission by multi-ingredient sandwiches has



already been published (Stals et al., 2015) [22], to the authors knowledge, the same approach has never been

specifically applied to L. monocytogenes for this typology of products.

In the present study a stochastic QMRA model for L. monocytogenes was developed. The objective of the model was to
estimate the number of cases of listeriosis per year, due to the consumption of RTE sandwiches at the last day of shelf
life in different population strata, defined by susceptibility status. Next, different possible interventions were evaluated,

to study the potential effect of risk mitigation strategies.

2 Materials and methods

2.1 Production of sandwiches

The product considered was a RTE multi-ingredient sandwich, produced by a/medium-scale industry situated in
Northern Italy. It contains cold-smoked salmon, cream cheese, bean cream, green saladyraw cut courgettes and bread.
For the production, frozen whole pieces of cold-smoked salmon were thawed and cut into slices; pasteurized cream
cheese and bread were acquired as pre-packaged ingredients; the fava bean“cream was obtained after cooking fava
beans in an oven at 100°C for 15 minutes, subsequently mixed; RTE salad was used (without a washing step); raw

courgettes were washed and cut into julienne strips.

All the ingredients were stored at refrigeration temperatures.before the product was assembled by food factory operators
wearing mono-use gloves (Figure 1). Each sandwich was cut in two pieces and packaged together in paper/plastic pack
(environmental atmosphere), obtaining 210, g portions (W, weight of the serving, see Table 1). A few hours after
packaging, the product was transported at temperatures below 4°C to retail shops; a use-by-date of three days was
assigned (from the time of<production), considering both the retail sale and the home refrigerator. The product is
supposed to be stored at temperatures below 4°C, consumed without the need for heat treatment and does not report any

recommendation far sensitive population.

2.2 Microbiological data

2.2.1 Data sources

Starting concentrations of L. monocytogenes were obtained by analysing a total of 100 samples (packaged sandwich
portions) from 25 different batches produced in the selected food industry (Ny). Each batch was constituted of the total
daily production. L. monocytogenes was enumerated in the samples within a few hours after the production. For each
sample, a representative portion (about half) of the sandwich was mixed, in order to maintain the relative composition

of the whole product, and a 10 g share was taken. The shares were then 10-fold diluted in pre-chilled sterile saline
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(0.85% NaCl and 0.1% peptone) and homogenized for 60 seconds in a Stomacher 400 (Seward Medical, London, UK).
Further appropriate 10-fold dilutions of the homogenates were made with pre-chilled sterile saline. L. monocytogenes
was enumerated by spread plating on Rapid L’mono agar (Generon, Modena, 1) and incubated at 37°C for 48 h

(AFNOR BRD 07/05-09/01) [23]; detection limit was 10 CFU/g.

2.2.2  Microbiological and physical-chemical characterization of sandwich ingredients

For the characterization of the sandwich as potential growth substrate, each of the ingredients (bread, salmon, bean
cream, cream cheese, courgettes and green salad) was considered separately, as in the final product they are’not mixed,
but assembled by hand. During five different production days, a sample of each ingredientiwas transported under
refrigeration for microbiological analyses. Briefly, 10 g of each ingredient were 10-fold,diluted in pre-chilled sterile
saline and homogenized for 60 s in a Stomacher 400 (Seward Medical, Worthing, UK). Appropriate 10-fold dilutions of
the homogenates were made with pre-chilled sterile saline. L. monocytogenes'was enumerated by spread plating onto

Rapid L’mono agar (Generon) as described before.

Afterwards, in order to evaluate the environmental permissiveness'to the bacterial growth supplied by each ingredient,
each component was characterized from a physical-chemical point of view: moisture (Bradley and Vanderwarn, 2001)
[24], water activity (a,) (Rotronic Hygromer Aw-DIO, Basserdorf, CH), pH (Amel Instrument, 334-B, Milan, I) and
salt content (Pearson, 1973) [25] were determined. Concentrations of organic acids were determined by HPLC (Tormo
et al., 2004) [26]. Briefly, 1.0 g of each ingredient was diluted to 5.0 ml in water and vigorously shaken by using a
vortex during 20 s. After centrifugationy(8000°x g; 15 min) the supernatant was filtered through a 0.45 pm cellulose
membrane. The HPLC system consisted of two pumps (Waters 510, Milan, Italy), an auto-sampler (Waters 717 plus)
and a UV-VIS detector (\Watersi484) set at 210 nm. The separation was performed on a Rezex ROA column 300 mm x
7.8 mm, 8 um (Phenomenex, Torrance, USA). The mobile phase (0.5 ml min™ in isocratic mode) was 0.005 N sulphuric
acid. External standards were used for identification and quantification of acetic, citric and lactic acids. The limit of
detection (LOD: 0.076, 0.23 and 0.24 mM for acetic, citric and lactic acid respectively) and limit of quantification
(LOQ: 0:39, 0:43 and 0.77 mM for acetic, lactic and citric acid respectively) were determined. LOD and LOQ were

calculated by the signal-to-noise approach (ICH, 1995) [27].
2.2.3  Growth potential of sandwich ingredients

Available predictive microbiology software (combase and FSSP) were considered to estimate growth potential of L.
monocytogenes in each ingredient of the sandwich. As the validation range and the applicability of these software was
not always appropriate for each ingredient considered, a series of challenge tests were carried out to determine whether
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L. monocytogenes could grow in each of the ingredients of the sandwich. As raw courgettes and green salad were
comparable for physical-chemical characteristics, courgettes were taken as the model for the category called “raw
vegetable” for subsequent challenge tests. Growth of L. monocytogenes was determined in 30 independent challenge
tests, 6 for each selected ingredient applying three constant storage temperatures (4, 6 and 10°C in duplicate). The
ingredients, obtained the same day of the sandwich production, were inoculated with two L. monocytogenes strains,
previously isolated and identified from the sandwiches (strain LMS45) and from the environment of the production
plant (LMS6). The strain stocks were kept frozen at -80°C in Microbank Cryogenic vials (Pro-Lab_ Diagnostics U.K.,
Merseyside, UK). From each stock culture, a loop was transferred to Brain Heart Infusionibroth (BHI) (Oxoid,
Basingstoke, UK) and incubated at 37°C for 24h. Cultures were then re-inoculated in BHI broth'and incubated at 8°C in
order to pre-adapt the bacteria to the environmental conditions. The cultures were harvested in late exponential growth
phase, defined as a relative change in absorbance of 0.05-0.2 at 540 nm (Jenway 6105, Staffordshire, UK). Cell
concentrations were determined by microscopy at 1000x magnification (Metic, B310, Wetzlar, Germany). Finally, pre-
cultures of individual isolates were diluted in sterile saline water (0.85% NaCl)to obtain the same initial concentration
of 2 log CFU g™ after inoculation of the ingredients. To minimize changes in substrate characteristics, the inoculum
volume did not exceed 1% of the weight of the samples. The inoculated ingredients were then incubated at the three
temperature conditions reported above. At T0, day of inoculation’and after 72 h (end of the declared assigned shelf-life

of sandwiches), samples of each ingredient were submitted to L. monocytogenes enumeration onto Rapid L’mono.
2.3 Risk assessment
2.3.1  Description of the risk assessment‘model

A stochastic QMRA model was.developed using the Modular Process Risk Model (MPRM) methodology (Nauta, 2008)
[28], to estimate the number of listeriosis cases due to the consumption of 20.000 multi-ingredient sandwiches (each
sandwich as a single serving), representing the total annual production amount of a medium scale factory. Starting from
the L. monocytogenes prevalence and count data on whole packed sandwiches obtained from the analyses performed on
the product, the-model focused on the retail/home storage phase, considering the consumption at the last day of shelf
life by different populations with specific susceptibility to the pathogen: healthy, susceptible and transplant recipients,

and a theoretical total population.

For the baseline scenario, only bacterial growth was modelled, resulting in an eventual change in bacterial concentration
without changes in prevalence as, no cross-contamination (pre-packaged product) or inactivation (ready to eat

foodstuff) could reasonably occur.



2.3.2  Exposure assessment

Prevalence(P) and L. monocytogenes enumerations (Cmean sp) OF contaminated sandwiches were obtained as described
in section 2.2.1. The data obtained were incorporated in a model (Table 1), built in Microsoft Excel with add on @Risk
7.0.1 (Palisade) for Monte Carlo simulation; 100 000 random iterations were run in Excel. The initial bacterial

concentration (Cy in log CFU/g) was described by a Normal Distribution, derived from the data (see the results section).

The increases in bacterial concentration (AC in log CFU) after 72 h storage at different temperatures (4, 6, and 10°C)
were obtained from the challenge tests described in section 2.2.3. We chose the worst case scenario possible, that was
the consumption of the sandwiches at the last day of assigned shelf-life. The values considered (Tempg,) Were a
minimum temperature of 4°C (optimal storage condition), a most likely temperature of6°C (Roccato et al., 2017) [29],
and a maximum temperature of 10°C, which could happen due to an improper home storage in the range 8-10°C (James
et al., 2008) [30]. For the subsequent development of the stochastic model, thestwo ingredients of the sandwich that
were the most conducive (highest AC obtained) and the least permissive{(lowest,AC) for L. monocytogenes growth were
considered, in order to cover the whole potential growth range. The substrates were chosen without taking into account
the observed prevalence of the pathogen, because the contamination appeared to be linked to the final manipulation of
the ingredients rather than to different raw materials (thus no substrates could be considered as surely Listeria-free), and

the assembly likely resulted in a contamination of all the ingredients.

The mean of the two AC values obtained forithe two selected ingredients (after 72 hours) were included as a Triangular
distribution to describe the variability‘in, the increase of concentration due to growth at different storage temperatures.
The final concentration in the produet after 72 hours was Cying = Co + AC Log CFU/g, and the ingested dose D =

10°™Ma\\/ CFU per serving, for.each of the two ingredients.
2.3.3  Stochastic‘dose-response model- Part 1
An exponential dose-response model was applied to each scenario (Equation 1),
Pu (D;n)=1 — e "*P Equation (1)

where D represents the ingested dose and r is the dose response parameter, representing the probability of illness per cfu
(Table 2). Three different r values were considered: r = 2.37*10™ for the healthy population and r = 1.06*10™2 for the
susceptible population as suggested by FAO-WHO (2004) [31]; r = 5.8*10™™° was used for transplant recipients (FAO-
WHO, 2004) [31]. In this dose-response model, these values of r indicate the probability that a single bacterial cell

causes listeriosis.



To obtain the expected number of cases, the mean P;, of 100.000 model iterations was multiplied with the number of
servings (Ns) produced by the food industry every year (20.000) and with the prevalence of contaminated samples
detected in the first phase of the study (see section 2.1). Finally, the expected number of cases in the theoretical total
population was calculated, assuming that 23% of the total population consists of susceptible people (pregnant, old > 65
years, children, immunocompromised, etc.), as shown in a similar situation in France by Pouillot et al. (2015) [32], but
adjusting the percentage of transplant recipients to 0.0062% (about one person per 20.000 consumers), based on the

Italian available data (Ministero della Salute, 2017) [33].

2.3.4  Stochastic dose-response model- Part 2

Another exponential dose-response model was applied to each scenario (Equation 1, -section.2.3.3). As suggested by
Pouillot et al., (2015) [32], a lognormal-Poisson distribution of r was used to take the variability in strain virulence and
host susceptibility for healthy and transplanted populations into account (Tables2)s Such approach has been recently
applied by EFSA BIOHAZ panel to estimate the risk for EU population<n consuming RTE foods (EFSA, 2018) [8]. For
the susceptible population, that is composed by various subpopulations. with different susceptibility (Pouillot et al.,
2015) [32], a representative r value was obtained from a discrete distribution of the r values (lognormal distributions) of
the specific subpopulations (people > 65 years, pregnant women, people affected by diabetes, renal failure, cancer, etc.)
weighed by the relative size of these subpopulations:~\Asdescribed in the previous section, the relative composition of
the susceptible population reported by Pouillot et'al. was corrected based on the different rate of transplanted Italian

people. Finally, the mean P;, was obtained performing 1.000.000 model iterations.

2.3.5 Uncertainty in the riskiassessment model

Uncertainties in the risk.assessment model were studied by scenario analyses (Table 3). The uncertainties considered

were:

a) Prevalence of contaminated samples.
Uncertainty in prevalence can be expressed by a distribution (Pg.), defined as Beta (s+1, n-s+1) where n is the
number. of samples and s is the number of positive samples. As scenarios we analysed the 1, 5, 10, 90, 95 and 99%

percentiles of this distribution.

b) Sample bacterial concentrations. To consider the uncertainty in bacterial concentration assessment, two alternative
scenarios were taken into account: a 0.5 Log CFU/g higher mean concentration (HighC,,,n) and a 0.5 Log CFU/g

higher standard deviation (HighCsp).



c) Storage duration: a higher storage duration, simulating the consumption one day after the use-by-date assigned (96
h), was considered (96hAC). A series of challenge tests was carried out in the two components of the final product
selected as described in section 2.3.2. Challenge tests were performed as described in section 2.2.3. Growth of L.
monocytogenes was determined in 12 independent challenge tests, 4 for each of the two component at constant
storage temperatures (4, 6 and 10°C). L. monocytogenes was enumerated at the day of inoculation, and after 96 h.

Mean AC at the three different temperatures were obtained, and used in the exposure assessment model.

The models were then applied as described in sections 2.3.2, 2.3.3 and 2.3.4. The expected number ‘of cases calculated
for each scenario were used to calculate the Relative Risk (Equation 2) which facilitates the comparison of the results of

the different scenarios with those obtained with the baseline scenario.

Relative Risk = cases predicted in the new scenario/cases predicted in the baseline Equation (2)

2.3.6  Evaluation of possible interventions

The effects of three different interventions were considered (Table 3):

a) Addition of Modified Atmosphere Packaging (MAP) at thevend of the production process;

b) Household heat treatment before consumption;

c) Combination of these two interventions.

To evaluate the effect of MAP, a series of challenge tests was carried out for the two ingredients selected, as described
in section 2.3. Challenge tests were performed as described in section 2.2.3. After inoculation, each ingredient was
packaged with an artificial atmosphere composed by 30% CO, (maximum level above which modification in the texture
of food product could be revealed by the consumer) and 70% N,. Afterwards, growth of L. monocytogenes was
determined in 12 indepéndent challenge tests, six for each of the two components at constant storage temperatures (4, 6
and 10°C). L. monocytogenes was enumerated as described above at TO (day of inoculation), and after 72 h. Mean
MAPAC values (log, CFU/g) were calculated and inserted in the Triangular distribution (see section 2.3.2) Next, the
expected'numbers of cases were estimated by Monte Carlo simulation, as in the baseline scenario.

To evaluate the effect of a heat treatment, the potential decrease in log concentration was considered. Decimal reduction
times (Diemp) for L. monocytogenes for temperatures between 58 and 66°C were obtained from the literature (Shi et al.,
2015, data obtained in cold smoked salmon) [34]: an average of three values (from different strains) for each of the five
temperatures was used (Table 4) . In the stochastic model, these five values were sampled with equal probability (using
the Duniform distribution in @Risk), obtaining an estimated D-value (D.q). The cooking time was described as a
triangular distribution assuming a minimum cooking time of 1 min, a most likely of 3 min and a maximum of 4 min.
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The reduction in concentration was calculated as CookAC = Time/D,, and used to calculate the dose after inactivation
(CookCiina); the dose-response model was applied as described for the baseline scenario (section 2.3.3 and 2.3.4).

3 Results

3.1 Contamination of sandwiches and ingredients

A total of 43 sandwich samples out of 100 analysed were found to be contaminated by L. monocytogenes (i.e., a
prevalence of 0.43) with loads ranging from 1.00 (limit of detection) to 2.87 Log CFU/g (mean value 1.54, standard
deviation 0.50 with 18.6% of samples showing values > 2 Log CFU/g). This result showed a very‘high spread of the
pathogen in this product, when compared with results obtained by other authors on similar“product.typology in Italy
(Meloni et al., 2009) [16] or in other areas. Our data may indicate a probable contamination.source deriving from the
raw material and/or an eventual colonization of the production line, contaminating the end product. This was confirmed

from prevalences of the single ingredients as reported below in this section.

The presence of L. monocytogenes in raw materials can be(considered natural, particularly for cold-smoked
salmon (presence was found up to 26% in a previous study by Regrvik et al,, 1994) [35] and raw vegetables (Lokerse et
al., 2016; Mena et al., 2004) [36, 37]. In our study, none of the five cold-smoked salmon, green salad and courgettes
samples showed loads of the pathogen above the detection limit' (1 Log CFU/g). The same was observed for bread, as
this ingredient is heat treated and sealed, and so it is not generally considered a potential contamination source. Cream
cheese seems not to be relevant as a source,of contamination; in a previous study, only 1.9% of 108 Italian cream
cheese samples were contaminated with,L./monocytogenes (Di Pinto et al., 2010) [38]. Moreover, in our case, only pre-
packaged, pasteurized cream cheeseiwas used, thus contamination likely occurs as a consequence of contamination
during the sandwich manufacturing process. As for the bean cream, L. monocytogenes was detected in two out of the
five samples (mean value,3.24 Log CFU/g). This result was unexpected, due to the heat treatment applied during the
preparation of jthe, cream; thus, in order to better understand if this ingredient could be the main source of
contamination, nine/ extra samples of bean cream, obtained from nine different batches, were analysed. L.
monocytagenes,was present in three out of nine samples, with loads equal to 1.00, 1.90 and 3.27 Log CFU/g (LOD =1

Log CFU/g), confirming the critical role of this ingredient in the production process.

3.2 Characterization of sandwich ingredients as potential growth substrates

The results of the physical-chemical characterization of each ingredient of the sandwiches are summarized in
Table 2. Based on Aw, pH, moisture and salt concentration values, all the ingredients but bread and cream cheese were

considered good substrates for the growth of L. monocytogenes. Courgettes, green salad, bean cream and cold smoked
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salmon showed high aw and moisture, a pH close to neutrality and percentages of salt very far from those able to inhibit
this pathogen. Bread and cream cheese were considered less permissive for the growth, due to low pH, (in particular
cream cheese). Considering organic acid determination, acetic and lactic acids were already described, when present in
significant amounts, as inhibitors of bacterial population (Friedrich et al., 2008; Stella et al., 2015) [39, 40]. Cream
cheese, in particular, contained the highest level of lactic acid and a considerable amount of acetic acid (Table 5). Also
salmon and courgettes contained amounts of lactic and a small amount of acetic acid, while green salad contained only
acetic acid. Finally, bread and bean cream resulted to contain small amount of lactic and acetic acid (bread in particular
showed just traces). The presence of citric acid was detected in some of the ingredients, but this€compound has already
shown a weak effect on L. monocytogenes growth also at concentrations strongly higher_than‘those observed in our

samples.

The challenge tests performed on the ingredients highlighted bean cream as“the bestssubstrate for the growth of L.
monocytogenes, and cream cheese as the worst one, at any temperature of starage.considered (Table 6). The observed
growth potential was always larger than those obtained by the predictive modelling software applied (data not shown).
These results could be due to the need for a wider range of applicability (e.g. low pH or salt content for FSSP) or a more
complete set of parameters (such as organic acids and food matrix characteristics, for Combase), to represent a complex

substrate.

These two ingredients were subsequently considered for the development of two models to estimate the expected
number of cases, if the pathogen was present inybean cream, thus mimicking the most probable contamination in the
process analysed (“worst case scenario”), and’in the opposite case, if the pathogen was present in the ingredient with the
less permissive environmental parameters for its growth (“best case scenario”). Based on these results, in the baseline
scenario, the increase in‘coneentration was described by Triangular distributions Triang (2.10, 2.88, 3.85) (bean cream)

and Triang (0.59, 0.62, 0.63) cream cheese.

3.3 Risk assessment model

Two models were developed with each of the two approaches considered (fixed and variable r values) allowing to
assess the growth of L. monocytogenes in two ingredients that differently support its growth (bean cream and cream
cheese). With the first approach (fixed r values), the results showed the absence of expected cases resulting from the
consumption of 20.000 servings, all eaten by healthy or susceptible people, in both the best and the worst case scenario
(Table 7). In a hypothetic consumption of all the 20.000 portions by transplanted (extremely susceptible) people, no

cases were expected with the best scenario (cream cheese) (expected cases: 0.286), while 52 listeriosis cases should be
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expected in the worst one (bean cream). In the last situation, a percentage of 0.26% transplant recipients would become

ill (one case/385 transplanted consumers per consumed sandwich).

Transplant recipients represent only 0.0062% of the whole population, corresponding to one subject in a randomized
population of 20.000 people, while susceptible people correspond to 23% (corresponding to 4657 subjects). Thus, less
than one expected case per year was obtained in the two baseline scenarios considered, even if these results should be
carefully reflected, especially if an increase in total servings occurs, leading to a higher number of people with an
immunocompromised system being exposed to this hazard. As stated by EFSA (2018), the proportion of susceptible

people (especially within the elderly population) is one of the main risk factors for human listeriosis)[8].

Considering the second approach (with variable r values), three expected cases resulted“in, the.total population from the
consumption of 20.000 servings, in the worst case scenario (bean cream contaminated) while no cases were estimated in
the best case scenario (cream cheese contaminated) (Table 8). In a hypothetic consumption of all the 20.000 portions by
transplanted people, differently from what found with the model that considered\fixed values of r, one case resulted also

from the best case scenario (cream cheese), while 45 listeriosis cases.should be expected in the worst one (bean cream).
34 Evaluation of uncertainties in the stochastic models

Different uncertainties present in the developed stoghastic model were evaluated for both the approaches by the

construction of various scenarios (Tables 7 and-8):

First, risk estimates were obtained for different” percentiles of the Beta distribution describing the uncertainty in
prevalence. As shown in table 4,.no.cases Were obtained with both the best case and worst case models applied to the
total population, even considering the 99" percentile of the uncertainty distribution of the prevalence. The same was
obtained with a populationcansisting of healthy or susceptible people only, meaning that, in these populations
prevalence does not greatly affect the uncertainties of the stochastic models. As expected, if all the 20.000 servings
were consumed by transplant recipients, as the prevalence percentile increased, also the number of expected cases
raised gradually in the worst case scenario (bean cream contaminated). The supposed exclusive contamination of cream
cheese resulted in an imperceptible increase of expected cases, that were again <1. Considering a higher mean bacterial
concentration or higher standard deviation (+0.5 Log CFU/g), an increase in expected cases occurred in both the
scenarios; in particular, with cream cheese one and two cases if the population was completely constituted by
susceptible or transplant recipients, would occur respectively. In bean cream, this source of uncertainty in the same

category of people would result in a large increase in the number of case (from 52 to 156 and 210 cases, respectively).
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The other source of uncertainty considered was the storage time, as the expiry date may not be respected by the
consumers. As expected, a 24 h increase of storage time increased the risk. Still, due to the low risk level, no cases were
expected for healthy or susceptible people in the worst scenario (bean cream), nor in the total population, also if an
evident increase was obtained (from 0.028 to 0.082 cases). The expected number of cases remained <0.0001 in the best
case scenario (cream cheese). In the hypothetical case of the consumption of all the 20.000 sandwiches by transplant
recipients, the 96 h storage resulted in a high number of expected cases in the worst case scenario (+ 99 cases), while in

the best scenario the longer storage time still did not result in one or more expected cases.

An overview of the results of the uncertainty analysis is given by the Log Relative Risk calculated for transplanted
people only, which illustrates how the different scenarios are related to the baseline in bean'cream(Log RR = 0). The
uncertainties related to the storage time and bacterial counts (mean and standard dev) hadithe largest impact on the
expected number of cases, especially the standard deviation. The log Relative Risk“values obtained in the total
population were equal to 0.48 and 0.60 for increased mean concentration -and increase in standard deviation,

respectively, representing approximately a threefold and sevenfold increase ofithe risk.

By applying the lognormal-Poisson extension of the exponential dose-=response model, no cases were obtained with the
best case scenario (cream cheese) applied to the total population, even considering the 99" percentile of the uncertainty
distribution of the prevalence. The same was obtained with‘a population consisting of healthy or susceptible people
only, while if all the 20.000 servings were eonsumed by transplant recipients, a case was reported and confirmed for

each prevalence considered.

A different result was obtained for the worst case scenario (bean cream) where the number of expected cases raised
gradually in susceptible, transplanted and total population. Considering a higher mean bacterial concentration or higher
standard deviation (+0.5kog CFU/g), with this model, an increase in expected cases occurred in both the scenarios. As
already reported, for. the previous model, a 24 h increase of storage time increased also the risk especially in susceptible,
transplanted and total population if considering bean cream contaminated (Log relative risk in total population equal to
0.37). In‘the hypothetical case of the consumption of all the 20.000 sandwiches by transplant recipients, the 96 h storage
resulted in @ high number of expected cases in the worst case scenario (+ 56 cases), while in the best scenario the longer

storage time did not result in an increase of the cases that was expected in the baseline.

The log Relative Risk values obtained in the total population were equal to 0.30 and 0.37 for increased mean

concentration and increase in standard deviation, respectively, representing approximately a doubling of the risk.

35 Evaluation of possible interventions
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Considering the model developed with fixed r values, as less than 0.5 case is expected for bean cream and cream cheese
for all populations, except for the transplant recipients in the bean cream scenario (Table 9), only the last case was
considered. Here, a reduction by the application of the interventions would be evidently realized. In particular, by
applying the MAP conditioning (30% CO,), a reduction of 69.8% in expected number of cases would be obtained,
while by applying the thermal treatment, a reduction of 79.2% would be gained. Such a heat treatment could be feasible,
as it is a regular habit of Italian consumers. The combination of the two interventions would allow to reduce the number
of cases by 94.3%, thus leaving just 3 cases of the 52 expected in the baseline. This result is also presented for the log
Relative Risk showing the major role of cooking in the reduction of expected cases: the log.Relative Risk values

obtained were equal to -0.52, -0.68 and -1.25 for MAP packaging, cooking or their combination, respectively.

Considering the model developed with variable r values, in cream cheese less than 0.5 case was expected for all
populations, except for the transplant recipients (1 case) (Table 10). Only the last case was considered when the effects
of interventions were evaluated. Here, a reduction by the application of the interventions would be evidently realized. In
particular, by applying the MAP conditioning (30% CO,), or the thermal treatment, or the combination of the two
interventions a reduction from 1 to 0 case was always obtained. In_bean cream, as almost 1 case was expected in
healthy, susceptible, transplant and total population, all these categories were considered in terms of effect of possible
interventions. For all categories a reduction by the application of the interventions would be evidently realized. In
particular, by applying the MAP conditioning(30% CO5), a reduction of 78%, 55.5%, 51.1% and 66.7% in healthy,
susceptible, transplant and total population in expected number of cases would be obtained respectively. By applying
the thermal treatment, a reduction/of 87.8%;7 66.7%, 73.3% and 66.7% in healthy, susceptible, transplant and total
population in expected number of cases"would be obtained respectively. Finally, a greater reduction (96.1%, 88.9%,
86.7% and 90.4% in healthy, susceptible, transplant and total population) would be obtained in all the subcategories of

the population by the combination of the two interventions.

This result was also/presented for the log Relative Risk (Figure 2) in total population, illustrating the major role of
cooking in theyreduction of expected cases: the log Relative Risk values obtained were equal to -1.53, -1.81 and -2.18

for MAP packaging, cooking or their combination, respectively.

4 Discussion and conclusion

In the present work, the risk of listeriosis due to the consumption of 20.000 servings of RTE multi-ingredient
sandwiches, based on data and assumptions, was estimated. Quantitative MRA can simulate the effect of consumer

exposure to a specific hazard in a food system and the resulting risk for the population. In this case, the individual
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difference in susceptibility (healthy, susceptible or transplanted) was included by applying different r values in the dose-
response relation through two approaches: in the first one by using fixed values of r (WHO/FAO, 2004), in the second
one by using a distribution of r values (Pouillot et al., 2015) [32]. The approaches were then compared, enabling an

estimation of the expected number of cases for the total population or for subpopulations with different susceptibility.

In our stochastic baseline model obtained using fixed values of r, no listeriosis cases were estimated for the annual
production of a medium scale factory in the total population considering the contamination of the least permissive
ingredient or the most permissive one. The destination of this product typology requires a particular, care, as the
potential use for mostly susceptible consumers can cause concerns. In previous years, RTE foods were responsible for
outbreaks involving up to 12 cases in Italy [41]. In the case studied, in a hypothetical/population”consisting only of
transplant recipients, the number of expected cases estimated would be 52 in the/“bean cream” scenario. This value
should be carefully considered, also according to the several listeriosis occurred in nesecomial patients, that consumed

contaminated RTE sandwiches sold in vending machines in hospitals (Little etal.;~2012) [18].

With the second approach considered, where r was described by a distribution, the model included the

variability in strain virulence across population subgroups, reaching a more accurate and precise estimation of cases,

In particular this second approach included the risk in the subgroup of population with highest risk of listeriosis: this
was clearly evidenced by an increase in case number insusceptible subpopulation (from 0 to 9 cases in baseline if bean
cream was contaminated) if compared to theiapproach that used fixed r values. Such difference can be attributed to the
role of certain rare but relevant events; such asthe ingestion of highly virulent strains by highly susceptible individuals,
that can be better highlighted by<@ more stochastic approach. As a matter of fact, the “susceptible population” described
by Pouillot et al. (2015) [32] includes also some small groups of people (e.g. affected by haematological cancer) whose

susceptibility can be hardly described by a fixed r value for YOPI population.

The contamination patterns for multi-ingredient sandwiches are complex, as L. monocytogenes is ubiquitous
and different ingredients are known to be a potential source of the pathogen (e.g. cold smoked salmon, courgettes, bean
cream etc,), and cross contamination between contaminated ingredients with other components or from improperly
sanitized containers/utensils to ingredients could occur and should be considered as a constant concern. Anyway, it is
likely that in the whole product Listeria would be distributed in the different “layers™ of the sandwich, thus enabling to

consider also a scenario that is close to the worst one.

In addition, some other factors must be taken into account, like the personnel hygiene and the management of

structures and equipment: such contamination ways can affect all the substrates, both the naturally contaminated (as
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vegetables) and the ingredients that should be free from the pathogen due to their production process (such as bean
cream). Moreover, the probability of previous presence of Listeria in the ingredients depends on their
production/packaging process: for example, the contamination of cream cheese is a very unlikely event, as it is acquired
by the sandwich producer as pasteurized pre-packaged foodstuff, and each pack is opened only at the moment of
sandwiches preparation, while bean cream is prepared, cooked and stored in the sandwich production plant, so being

potentially prone to environmental contamination sources.

The substrates for the simulations were chosen in order to set a “minimum-maximum range”: an‘evident difference
among the two ingredients was shown, in particular likely thanks to the effect of physical-chemical characteristics of

substrate (e.g. pH, organic acids, moisture).

Different scenarios were also studied in order to include uncertainties in the ‘model, such as the prevalence of
contaminated food units, the mean value and variability of bacterial counts in thescontaminated samples and the storage
time. From the results it was clear that the uncertainties that mainly affect the estimated number of cases were related to
the mean and the variability of the L. monocytogenes counts among.the.contaminated units. These findings stress the
impact of the consumption of heavily contaminated samplessrather than a frequent contact with low numbers of the
pathogen in determining Listeria infection. Hence, as the presence of the pathogen in the raw materials sometimes could
be hardly avoided by the sandwiches producer, any effort'should be made to improve factory hygiene during production
and, although this, a presence of the pathogen occurs, to prevent growth of Listeria in the product. The prevalence of
contaminated food units should be considered asianother source of uncertainty, particularly for this type of product. In
fact, sandwiches production is characterizediby the use of many different ingredients (and consequently among lots) and

by a strong intervention of the operator, thus being influenced by the individual hygienic behaviours.

Also the number of servings is'an important information to consider: if an increase up to 1.000.000 of servings was
reached by producing factory, the number of estimated cases obviously would raise: for instance, in the worst case
scenario (bean cream) in the total population (data not shown in table), 135 expected cases would be obtained. Although
the number of.people infected, the rate of infection would be equal independently from the number of servings (0.015%

and 0.014% with 20.000 and 1.000.000 servings respectively).

Finally, a potential effect of an increased storage duration was observed: with the first approach (fixed r values),
although less than one expected case was obtained in the total population in both the scenarios, an evident impact was
exerted in the case of a population completely composed by transplant recipients. With the second approach an
important increase in case number in total population was evidence (from 3 to 7), if the product would be consumed 24

h after the shelf-life. This factor has to be carefully taken into account. From a regulatory point of view, as the product
16



declared shelf life is less than five days, the systematic analysis for the detection and count of L. monocytogenes is not
mandatory, but the consumption one or two days after the expiry date must be considered as a likely event, and requires
a preventive approach by the producer. Anyway, the prevalence of 43% is very high and alarming, and, as
demonstrated, in thermal abuse storage situations, also if low loads of the pathogen are present at the beginning of the
shelf-life, the ability to grow of L. monocytogenes in some of the ingredients (e.g. bean cream) would determine in
some case the probable exceed of the threshold limit demanded by EU Reg. 2073/2005 of 100 CFU/g. On the other
hand, this limit is, correctly, a conservative threshold bound, necessary especially for the defence .ofithe susceptible

categories (elderly, pregnant, young and immunocompromised subjects).

After two days from the expiry date, the product looks like “not fresh” thus the consumption is very improbable by
consumers as the spoilage is visible, while after 24 h from expiry date from a sensorial peint of view the product

remained acceptable.

The main intervention to be applied is of course the improvement of hygienic practices during sandwiches production
that minimize the starting bacterial concentration of each ingredient._This is in agreement with the high prevalence of
the pathogen found in a cooked ingredient (bean cream), 'suggesting a likely post-contamination due to improper
handling by operators. The design of a high-risk area that identifies relative barriers to prevent the access of L.
monocytogenes and the application of correct personal.hygiene procedures are additional intervention to reduce the risk.
Moreover, adequate cleaning and disinfection programmes could effectively be useful to remove and reduce bacteria

from surfaces.

Moreover, apart from the hypothetical,suggestion to improve hygienic practices during sandwiches production, different
interventions were evaluated for their possible practical application: use of MAP conditioning (30% CO,), heat
treatment before consumption or the combination of the two interventions. From the data obtained, the application of
cooking (that is a bactericidal treatment) resulted to have a larger effect in the reduction of potential risk for the
consumers, if.compared to the MAP packaging alone (that exerts only a bacteriostatic effect); this was expected, due to
the weak thermal resistance of L. monocytogenes. Despite the theoretical efficiency of cooking, three critical points
should be considered: first, the modifications of sensory characteristics of the sandwiches, that could be hardly accepted
by the consumers (a different product formulation could be needed); then, the execution of cooking could be affected by
an extra uncertainty source, as it is consumer-dependent. Moreover, the RTE product heat treated would no longer be a
RTE so basically the nature and primary image of the product would be upset. Anyway, this intervention could be
suggested to specific susceptible population that, although advised to avoid the consumption of specific hazardous

categories of food (e.g. RTE, raw milk cheeses, cold smoked salmon, raw meat) sometimes transgress these advices
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(e.g. consumption of contaminated sandwiches in hospitals as reported by Little et al. [18]) and eat these foods. The
heating could be a reasonable compromise instead the complete avoid to eat a particular and convenient food such as

sandwiches.

Otherwise, MAP conditioning represents an easy implementation in food process, that couples relatively low costs with
the possibility of complete control by the food producer. It could be a useful implementation of the production process

also considering the possibility of an extension of the shelf life of the product.

To avoid the changing nature of the RTE product, a recommendation could be included in the label;"which suggests the

avoidance by immunocompromised people.

The application of a stochastic QMRA for pathogens in different foodstuffs represents a.useful tool to estimate the
actual risk for consumers and is more precise and punctual when a distribution of rvalues’is included. The importance
of the application of this approach was recently highlighted by the EFSA BIOHAZ panel, that estimated the listeriosis
risk considering both the virulence of L. monocytogenes strains and the host susceptibility (clustering consumers’

subpopulations by health status, sex and age).

In the case of complex products like sandwiches, the estimation‘is particularly tricky due to the presence of ingredients
with very different physical-chemical characteristicsithat cannot be reduced to an “average substrate”, coupled with the
ubiquitous nature of L. monocytogenes. In-the present study the consumption of multi-composed sandwiches,
determined a risk in the total population-if contamination occurs in bean cream especially while no risk would be

present if cream cheese thus enabling to consider the product as safe in that case.

MAP would make the product even safer. The risk would be hypothetically greater if the population was composed by
only transplant recipients. Transplant recipients and susceptible in general should be careful and take care, and may
need to cook it first, or completely avoid eating this product. As the main source of Listeria monocytogenes is the bean
cream an alternative could be the development of new sandwiches for “YOPI people” that do not have this ingredient in

their components.
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ACCEPTED MANUSCRIPT

Frozen cold- Cream Bean Rucola
smoked Courgettes Bread
salmon Cheese Cream Salad
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“ -18°C +4°C pin s +4°C +4°C +4°C
Thawing at Inserting | | Thawing at L :
{ +4°C in a doser +4°C i Waching
Slicing at : i Cl%goc ng:t | | Slicing at
=] 0,
+12°C 5 i +122€
= o | i
'~ of oil, salt
and mixing
H
s Assembly at +12°C : ...............
I
[ Cut l
I
[ Packaging (+12°C) |

Figure 1. Flowchart of the production proces dwiches.
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Figure 2. Log Relative Risk calculated mimickingsa. contamination by L. monocytogenes in bean cream (worst case

scenario) in the total population by using lognormal Poisson distribution of r values.
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Tables

Table 1. Overview of variables and parameters in the exposure assessment model.

Variable/ Description Value/Excel-@Risk model Unit Source
paramer equation
Niot Total n° of analyzed 100 N User input
samples
Ncont N° of contaminated samples 43 N User input
P Prevalence Niot/Neont*100 % Calculated
Crnean Mean bacterial =AVERAGE(Log counts) Log CFU/g Calculated-from
concentration our data
Cs Standard deviation of counts =STDEV(Log counts) No units Calculated from
our,data
Co Initial L. monocytogenes =RiskNormal(Cean;Csp) Log CFU/g Calculated
concentration
Tempsior Storage temperature =RiskTriang(4;6;10) °C User input
ACpean Log CFU increase (72 h) — =0,3557*Temps,r+0,2486 ALog €FU/g,. Obtained from
Bean cream scenario challenge test
AC heese Log CFU increase (72 h) — =0,0064*Temps,+0,5671 ALog CFU/g  Obtained from
Cream cheese scenario challenge test
Crinal L. monocytogenes =Cy+AC Log CFU/g Calculated
concentration after storage
wW Weight of the serving 210 g User input
D Ingested L. monocytogenes ~ =POWER(10;Crina)*W. CFU/serving  Calculated
dose
Table 2. Parameters and variables used for the dose<response models.
Subpopulation Fraction of Fixed log r Mean log r Random log r P,
total value (model value with value (per subpopulation
population 1) variable r, serving) log r
(%) Fspec (MoOdel for each
2) subpopulation
healthy 76.74 -13.63 -14.11 RiskNormal(rgpec; Pin =1-EXP(-
transplant 0,0062 -9.24 -11.51 1.62) rs*D) (**)
susceptible 23.28 (split up -11.97 See table Il
asin Pouillot et from Pouillot
al 2015)* etal., 2015
)]

(*) Different susceptible subpopulations consist of Ngyppep individuals per subpopulation in a total population of 20.000
consumers and, have/og ryp0p Values as given by Pouillot et al 2015; from this, a random rgy value is sampled using a

RiskDiserete(rsuppop; Nsubpop) distribution.

(**) The ‘expected number of cases per subpopulation is calculated as RiskMean(P;;, subpopulation) x Ns x P,
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Table 3. Parameters and variables used in the alternative scenarios applied for the uncertainty analysis and the

evaluation of the interventions.

Phase Variable/pa Description Value Unit Source
ramer
Uncertainty  Pggoc Prevalence (stochastic) =RiskBeta(Nont+1;Nior- Percent Calculated
analysis Neont1)
High Cpyean Mean bacterial =Average(Log counts)+0.5  Log CFU/g Calculated
concentration
High Cgp Standard deviation of =STDEV(Log counts)+0.5 No units Calculated
bacterial counts
96hACpean Log CFU increase (96 h) =0,2229*Tempg;r+1.7743 ALog This study
CFU/g (data from
challenge
test)
96hAC eese Log CFU increase (96 h) =0,0286*Temps;r+0,5029 ALog This study
CFUIg (data from
challenge
test)
Intervention MAPAC,,, Log CFU increase (MAP) =0,2404*Tempg;r+0,6443 ALog This study
S CFU/g (data from
challenge
test)
MAPAC s Log CFU increase (MAP) =0,0068*Tempg,r+0,5314 ALog This study
e CFU/g (data from
challenge
test)
Diemp D value for different See.Table 4 Min. Shietal.,
temperatures 2015
Dya Estimated D Value =RiskDuniform(Demp) Min. Calculated
Time Cooking time =RiskTriang(1;2;4) Min. Calculated
CookAC Log reduction after cooking * =Time/D, Log CFU/g Calculated
CookCﬁni. Log count after.cooking = Cﬁni.—CookAC Log CFU/g Calculated

Table 4. Mean D values obtained from'literature for L. monocytogenes (Shi et al., 2015).

T (°C)

D value

58

11.2

60

3.8

62

2.2

64

1.0

66

0.5

Table 5. Physical-chemical characterization of each ingredient of the sandwiches (average of 5 samples analysed+ sd).

Organic acids water phase (ppm)

a oH Moisture Salt Lactic Citric Acetic
W (%) (%) acid acid acid
Salmon 0.96+0.00 6.22+0.12 67.91+1.03 2.89+0.59 7115+120 <LOQ 567+88
Green salad 0.99+0.00 6.59+0.12 93.11+1.09 0.21+0.06 <LOQ <LOQ 1888+1549
Courgettes 0.99+0.00 6.63+0.04 95.19+0.41 0.14+0.02  1891+1227 155+113  2361+856
Bean cream 0.98+0.01 7.00+0.10 79.41+1.95 1.94+0.76 636+357 27294540 377+43
Cream cheese 0.98+0.01 4.47+0.02 69.09+2.21 0.70+0.11 8388+162 776499 831+278
Bread 0.95+0.01 5.61+0.16 36.62+0.22 1.08+0.01 <LOQ 716+139 <LOQ
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Table 6. Log increases of L. monocytogenes (AC) after 72 h of storage at three different temperatures in each ingredient
of the sandwiches. Duplicate results are shown of the difference between the concentrations (in Log CFU/g) at the start
of the challenge tests and after 72 h.

Courgette/salad  Salmon  Bean cream Cream Bread
cheese

4°C 1.95-2.12 0.64-0.84 2.09-2.11 0.55-0.63  0.81-0.88

6°C 2.09-2.25 0.82-0.88  2.75-3.00 0.57-0.68  1.00-1.27

10°C 3.28-3.31 2.00-2.14  3.85-3.85 0.51-0.74  1.51-1.53

Table 7. Expected number of cases in different scenarios for 20.000 servings by considering total population by using a
fixed value of r (FAO, 2004).

Worst case scenario (growth in bean cream) Best case scenario (growth in cream cheese)
Expected number of cases Healthy Susceptible Transplanted Total_ Healthy Susceptible Transplanted Total_
population population
Baseline 0.002 0.098 52 0.028 <0.001 0.001 0.286 <0.001
Low Prevalence 1% 0.001 0.073 39 0.021 <0.001 <0.001 0.213 <0.001
Low Prevalence 5% 0.002 0.080 42 0.023 <0.001 <0.001 0.233 <0.001
Low Prevalence 10% 0.002 0.084 45 0.024 <0.001 <0.001 0.246 <0.001
High Prevalence 90% 0.002 0.112 59 0.032 <0:001 0.001 0.326 <0.001
High Prevalence 95% 0.002 0.116 62 0.033 <0.001 0.001 0.340 <0.001
High Prevalence 99% 0.003 0.125 67 0.036 <0.001 0.001 0.366 <0.001
+ 0.5 Log mean count 0.007 0.309 156 0.087 <0.001 0.002 1 <0.001
+0.5 Log ST.DEV. 0.016 1 210 0.193 <0.001 0.004 2 0.001
Storage 96 h 0.006 0.289 151 0:082 <0.001 <0.001 0.348 <0.001

Table 8. Expected number of cases in different.scenarios)for 20.000 servings by considering total population by using a
variable r value (Pouillot et al., 2015).

Worst case scenario (growth in bean cream) Best case scenario (growth in cream cheese)

Expected number of cases Healthy  Susceptible / Transplanted Total_ Healthy  Susceptible Transplanted Total_
population population

Baseline 1 9 45 3 0.004 0.145 1 0.037

Low Prevalence 1% 1 7 33 2 0.003 0.108 1 0.028

Low Prevalence 5% 1 7 37 2 0.003 0.118 1 0.030

Low Prevalence 10% 1 8 39 3 0.003 0.125 1 0.032

High Prevalence 90% 1 10 51 3 0.005 0.165 1 0.042

High Prevalence 95% 1 11 53 4 0.005 0.172 1 0.044

High Prevalence 99% 1 12 58 4 0.005 0.185 1 0.047

+ 0.5 Log mean count 1 21 95 6 0.009 0.339 3 0.086

+ 0.5 Log ST.DEV. 2 24 86 7 0.016 1 3 0.203

Storage 96.h 1 25 101 7 0.005 0.231 1 0.058
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Table 9. Expected number of cases when applying three interventions considered in worst-case scenario and best-case

scenario by using a fixed value of r (FAO, 2004).

Worst case scenario (growth in bean cream) Best case scenario (growth in cream cheese)
Expected number of cases  Healthy  Susceptible ~ Transplant po:)-ljjltzilion Healthy  Susceptible Transplant poglj)l?tlion
Baseline 0.002 0.098 52 0.028 <0.001 0.001 0.286 <0.001
MAP (30% CO,) <0.001 0.029 16 0.008 <0.001 <0.001 0.070 <0.001
Cooking <0.001 0.020 11 0.006 <0.001 <0.001 0.057 <0.001
MAP (30 CO,+cooking) <0.001 0.006 3 0.002 <0.001 <0.001 0.014 <0.001

Table 10. Expected number of cases when applying three interventions considered in worst-case scenario-and best-case

scenario by using a variable r value (Pouillot et al., 2015).

Worst case scenario (growth in bean cream) Best case scenario (growth in cream cheese)
Expected number of cases  Healthy  Susceptible  Transplant Total_ Healthy 4, Susceptible Transplant Total_
population population
Baseline 1 9 45 3 0.004 07145 1 0.037
MAP (30% CO5,) 0.220 4 22 1 0.001 0.037 0.221 0.009
Cooking 0.122 3 12 1 <0.001 0.033 0.185 0.008
MAP (30 CO,+cooking) 0.039 1 6 0.289 <0.001 0.008 0.047 0.002
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