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1 | INTRODUCTION

Abstract

Norovirus (NoV) and hepatitis A virus (HAV) pose a considerable health risk world-
wide. In recent years, many cases of virus infection caused by virus-contaminated
strawberries have occurred worldwide. This study applied a critical control point sys-
tem to analyze the main hazards during the production and marketing of strawber-
ries imported into China and explore the key control points in the whole process. To
further evaluate the risks in the supply chain, the established quantitative microbial
risk assessment (QMRA) was used to determine the probability that residents would
be infected with viruses after consuming imported strawberries. It was found that the
risk of virus contamination from imported strawberries was low, and the virus con-
tamination mainly results from water resources and personnel. This research helps the
regulatory authorities formulate strategies to ensure the long-term microbial safety
of imported strawberries. In addition, the methods may prove useful in evaluating the

risks of other agricultural produce.
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countries (https://oec.world/; Figure 1a), the food safety of straw-

berries has become increasingly important.

Norovirus (NoV) and hepatitis A virus (HAV) have been identified
as enteric viruses associated with most outbreaks of foodborne dis-
eases (Li et al., 2018). NoV is the main cause of acute gastroenteritis
worldwide, and it is related to about one fifth of cases in occident are
caused by NoV (Bosch et al., 2018). HAV is the cause of viral hepa-
titis, which causes vomiting and diarrhea (Kulsuptrakul et al., 2021).

With the increasing trade of strawberries between China and other

Many factors, including food handlers, water resources, and the
environment, polluted strawberry supply chain (Bartsch et al., 2018).
At present, the major problem is tracking strawberry information in
real time and predicting the outbreak of foodborne diseases (Wang
et al., 2013). Hence, it is helpful to develop a safety risk assessment
model of strawberries to assess the risk of virus contamination be-

fore the outbreak of a disease.
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The critical control point system is a preventive food safety con-
trol method to identify and evaluate food production and processing
hazards. However, critical control point system cannot quantita-
tively analyze the virus contamination risk of strawberries. Quan-
titative microbial risk assessment (QMRA) is a systematic method
for assessing public health risks caused by exposure to microbial
pathogens. The QMRA allows uncertain factors to be incorporated
and propagated into the model using input values following a certain
frequency or probability distribution function and the Monte Carlo
simulation (de Matos Nascimento et al., 2020).

Here, the critical control point system combined with QMRA
based on factors of environmental virus contamination was em-
ployed to construct strawberry safety system and determine the
probability of customers being infected with NoV and HAV by con-
tact with imported strawberries. Given frequency of strawberry
trade between the United States, Australia, and China (Figure 1b),
strawberries from these two countries were studied regarding the
risk of virus contamination. The model was able to clarify the re-
sponsibilities of everyone involved, ensure the quality and safety of

berries, and meet public's needs for food safety.

2 | MATERIALS AND METHODS

2.1 | Construction of critical control point system

The critical control point system was used to evaluate the hazards re-
lated to the production of a specific agricultural product, determine
their production stage occurrence, and design the control mechanism.
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Through systematic analysis and evaluation of various factors affecting
virus contamination in the strawberry supply chain, the key control point

system of enteric virus represented by HAV and NoV was established.

2.1.1 | Construction of expert group

Team members are research groups in food microbiology and food-
borne disease epidemiology, and have rich experience in food safety
research activities, risk assessment procedures, and food safety
management systems. Through investigations, the research team es-
tablished a flow chart of the production and marketing of imported
strawberries (Figure 2). The research objects were divided into three
kinds of strawberries, namely processed fresh strawberries (PS), un-
processed fresh strawberries (US), and frozen strawberries (FS). US
are directly transported to the port by trucks after being picked. PS
and FS are transported to the processing plants for processing after
being picked. The difference is that FS are frozen by rapid freezing
after sterilization and cleaning, while PS are not frozen. According to
the information collected in the literature and the professional expe-
rience of the team members, the related activities in the strawberry

supply chain were summarized and put forward control measures.

2.1.2 | Determination of key control points

According to the management status of strawberry production and
marketing and the literature database, the team determined the virus
contamination problem and its causes in strawberry production and
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FIGURE 1 Trade status of imported
strawberries in China from 2010 to 2018.
(a) Source countries and total trade value
of imported strawberries, (b) total trade
value of strawberry exporting countries
from 2010 to 2018.
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marketing through a brainstorming exercise, analyzing the difficul-
ties of strawberry supply chain supervision. A decision flow chart
was used at each phase to identify potential virus contamination and
whether it is a key control point (Figure 3). For the critical control
points, the team developed a schedule, determining a suitably re-
liable control mechanism to meet the requirements of the critical
limits, eliminating the risk of virus contamination in the production

and marketing of imported strawberries.
2.2 | Quantitative risk assessment model for
microorganisms

The last irrigation before harvest is the main factor of virus

contamination of strawberries. The risk model assumes that

-WI LEYJ—?’

contamination before the harvest comes mainly from surface
water, and the model considers the pollution brought in by work-
ers in the strawberry supply chain. The model starts from field
management, picking, and continues to transportation to process-
ing facilities, washing and disinfection, freezing, transportation to
port, aircraft transportation, and so on (Figure 2). Published lit-
erature data and survey data were brought in so as to maximize
the capabilities of the model. The model parameters and their cor-
responding probability distributions are shown in Table 1. PS, US,
and FS were all selected as risk assessment subjects. For PS, all the
risk factors in Table 1 (except freezing) were considered, and for
US, the processing sections (D16-D26) were not considered. The
transportation temperature for FS after processing was lower than
0°C (Bartsch et al., 2018), so virus reduction during transportation

was not considered (sections D27-D38).
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FIGURE 2 The supply chain involved in the import of strawberries. The dotted line represents the processing flow of strawberries in the

processing plant.
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2.2.1 | Pollution source

Before strawberries were picked, groundwater is one of the major
sources of agricultural water; surface water also account for certain
proportion (Yeargin etal.,2021). Because surface water poses a great
risk to fruit and vegetable crops when contaminated with foodborne
pathogens (Rodrigues et al., 2020), we considered surface water in
this study. The risk model assumes that the pollution before har-
vest is caused by viruses in surface water. Although viruses cannot
reproduce in water, these viruses can remain infectious for a long
time (Verhaelen et al., 2013). The detection data of NoV and HAV
in surface water of the United States and Australia were selected
(Aburto-Medina et al., 2019; Ahmed et al., 2020; Brooks et al., 2005;
Flannery et al., 2012; Jahne et al., 2020; Mok et al., 2014; Osuka
et al., 2018). The probability distribution of virus contamination lev-
els in surface water was obtained from the published literature data
and fitting the detection data relating to viruses in surface water
from these two countries with the @risk 7.6.1.

2.2.2 | Picking

Many pesticides have a defined preharvest interval which is the time
between the last pesticide application and the harvest. During the
preharvest interval, the virus will be exposed to the environment
and loses viability over time. The Australian Pesticide and Veteri-
nary Drug Administration (https://apvma.gov.au) stipulates that the
preharvest interval of crops should not exceed 14 days in most cases
and be at least 7days. The United States Environmental Protection
Agency (https://www.epa.gov) stipulates that the preharvest inter-
val of strawberries is generally 14 days. Given the similarity of the
collected data between the two countries, the two countries were
deemed to have adopted the same safety interval in this study. The
interval range for different pesticides was set to 0-14 days, consid-
ering any possible illegal operations. During the picking process, the
virus from the strawberries is transferred to the hands of the work-
ers, and the virus from the hands of the workers is transferred to the
strawberries, so the contamination is reciprocal. Picking may cause
cross-contamination of NoVs between the agricultural products and
the workers' hands (Bouwknegt et al., 2015), and the calculation for-
mula used is as follows:

wtouch

touch
N¢eross = Nharv — fprod WNharv + fhand a()uhand

Nhand (1)

where fpmd is the proportion of virus transferred from the product
to the hands, f, .4 is the proportion of viruses transferred from the
hands to the strawberries, o, is the hand surface area in contact
with the strawberries, Dprod is the surface area of the product, 4

is total surface area of one side of a single hand, N, ., is the number

han

of viruses on the hands of workers, N is the number of viruses

fcross
on harvested strawberries (sections D15, D21, and D26), and Nharv
is the number of viruses on the hands of workers (sections D6, D20,

and D25).

2.2.3 | Processing

In the model, the contamination of infected individuals in processing
is considered. A cross-contamination formula for picking was adopted
for strawberries sorting and packaging. According to the team, once
strawberries enter the processing facilities, they will be cleaned and
disinfected. Strawberries were cleaned for 2min and then disinfected
with 100ppm chlorine concentration for 2min (Ortiz-Sola, Abadias,
et al., 2020). After that, FS needed to enter the rapid freezing process.
Freezing had no significant effect on the infectivity of viruses, and the
virus particles kept the integrity of their structures and genomes after
several freeze-thaw cycles (Ortuzar et al., 2020).

2.2.4 | Transport and storage

It was assumed that US and PS needed to be transported by truck
from the storage place to the port, then by plane to a Chinese port,
by truck from the port to the distribution center, and finally by truck
from the distribution facilities to the catering facilities. According
to the actual survey situation, the transportation intervals from the
United States and Australia to China were set to 2-3 and 0.5-3 days,
respectively. One of the main factors that affect the virus contami-
nation of strawberries is the reduction of viruses that occur under
various temperature conditions over some time. The study used a
model (Table 2; Bertrand et al., 2012) to simulate the inactivation
of NoV and HAV at an ambient temperature above 0°C, and the
number of viruses was assumed to remain unchanged below 0°C
(Ortuzar et al., 2020).

2.2.5 | Preparation and consumption of
catering facilities

The weight of a single strawberry was estimated as 15g (Li
et al.,, 2005). It was assumed that strawberries would not be heated
before eating. We set the daily fruit intake as the daily strawberry
intake of Chinese residents (Table 3). A scenario analysis was carried
out based on the strawberry intake of residents, with the calculation
of possible poststrawberries intake exposure to viruses by different
age groups residents.

2.2.6 | The dose-response model

The purpose of a dose-effect assessment was to determine the re-
lationship between the exposure intensity to virus and the severity
of harmful health effects encountered. An existing dose-response
model for the probability of illness (Pi) among the infected popula-
tion was used. The values of n and r in the model were estimated at
2.55%x107 and 0.086, respectively (Miranda & Schaffner, 2018). A
single strawberry consumption of 60 g was considered, though it will
vary according to a given situation.
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TABLE 2 Storage and transportation pollution models of virus for temperature above 0°C.

Variable Description

“XreL Mean time of first log reduction

Stol Standard deviation of the time of first log reduction
T Temperature of transportation and storage

LogTFL Time of first log reduction

1 Virus reduction per day

t Time of transportation and storage

Log (Ni) Virus reduction during storage and transportation

Value/distribution/calculation Unit

NoV: 1.8 - Tx0.03 Log (day)

HAV: 2.0 - Tx0.03

NoV: 4/0.37 + 6.4 x 10 — 4T + 1.4 x 10 — 5T2 Log (day)

HAV: 1/0.31 + 6.1 x 10 — 4T + 1.4 x 10 — 5T2

NA °C

Normal (X, Stg,) Log (day)
1071ogTRL LogPDU/day
NA Days

pxt LogPDU/berry

Note: The parameters and equations were adopted from Bertrand et al. (2012).

TABLE 3 The recommended daily fruit intake of Chinese
residents was set as these amounts.

Fruit intake (g/day)

Age group Men Women
2,4 34 38.1
4,7 32.2 37.2
7,11 38.5 39.5
11,14 42.4 43.6
14,18 34.9 475
18,45 30.7 45.2
45, 60 30.8 40.1
>60 30.3 30.1
Note: The data come from the Fifth China Total Diet Study.
P,=1- (1+nxdose)™ (2)

2.2.7 | Simulation

The extracted data were entered into a spreadsheet (Table 1), and
each evaluation scheme was iterated 100,000 times by using an
external program @risk7.6.1 of the spreadsheet, and Monte Carlo
simulation was performed to explore the variation degree of each
parameter and reveal the influence degree of each factor on NoV
and HAV pollution in edible strawberries.

3 | RESULTS

3.1 | Critical control point system
3.1.1 | Harm analysis of virus in the strawberry
supply chain

According to the strawberry supply chain (Figure 2), the expert
team proposed the possible ways of causing virus contamination
in the production and marketing of strawberries (Ortiz-Sola, Vifas,

et al., 2020; Wu et al., 2020). Here each step in the strawberry sup-
ply chain was analyzed to determine critical control points in the
whole process based on the expert team's suggestions (Table 4).

Most virus outbreaks related to fresh fruits are caused by
irrigation with polluted water in the field (Prez et al., 2018). As
strawberries grow, the water used to irrigate them is susceptible
to contamination, such as human and animal waste. Studies have
shown that the contact between irrigation water and strawber-
ries causes virus contamination in strawberries, which is the main
type of pollution to occur before harvest (Mok & Hamilton, 2014).
Farmers may mix pesticides in nonpotable water, increasing the
risk of virus contamination of the fruits. Therefore, field manage-
ment is the key control point. In the picking and sorting stage, vi-
ruses maybe spread to the strawberries by staff due to problems
of hand hygiene or cross-infection through the handling of con-
taminated strawberries (Gao et al., 2019). Virus contamination in
sorting and packaging stage can be controlled by disinfection and
washing.

Disinfectants in water can remove or reduce pathogens on
strawberries. Therefore, cleaning and sterilization are the key
control points in this study. In the supply chain, cold chain integ-
rity management is an important factor to satisfy food quality and
safety requirements (Mukama et al., 2020). Potential risks of virus
contamination of strawberries derived from transportation environ-
mental pollution are small because strawberries are packed before
transportation which prevents direct contact with workers and the
environment. Therefore, transportation was not considered to be a
critical control point.

In this study, the key control point system was established to an-
alyze the virus contamination factors in the strawberry supply chain,
and finally the two steps of field management and disinfection were

determined as the key control points (Table 4).
3.1.2 | Safety management system
According to the key control points in strawberry production and

marketing, a safety management system was established to ensure
product quality and safety (see Table 5). Water quality monitoring
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FIGURE 4 The fitted distribution curves of virus concentration in the surface water. a-1, a-2 represent NoV; b-1, b-2 represent HAV.

infections reported by the Center for Disease Control and Preven-
tion (https://www.cdc.gov/) in the United States is 601,378. The
Australian Ministry of Health (https://www.health.gov.au/) re-
ported that, on average, 1,800,000 Australians are infected with
NoVs every year.

The statistics shows that the main reasons for the outbreak of
hepatitis A are the health problems of the homeless and the virus
contamination of food. There are no outbreak cases of homeless
groups in Australia. The average annual number of hepatitis A cases
in the United States (https://www.cdc.gov/) excluding the homeless
is 3025. The annual average number of hepatitis A cases in Australia
(http://www.health.gov.au/) is 299. The population density of the
United States and Australia (httpsww.worlddata.info/) is 33 and 3,
respectively. The severity of the food-related hepatitis A outbreak
was expressed by the ratio between the average number of hepatitis
A cases to the population density, which was 90.6 in America and
91.2 in Australia. Therefore, the outbreak degree of food-related
hepatitis A is consistent with the pollution results calculated in this
study.

It was found that the amount of virus attached to the surface of
PS was less due to the cleaning and disinfection steps. After process-
ing, FS were stored below 0°C, and the number of viruses attached

to the surface of strawberries remains unchanged (Gao et al., 2019),
resulting in a large number of viruses on FS (Figure 6). At the same
time, the results (Figure 6) show that the pollution level of the HAV
in strawberries in the United States and Australia is higher than that
of NoV. However, the number of hepatitis A cases is lower than that
of NoV is because the coverage rate of hepatitis A immunization is
wide in the national childhood immunization program (Garcia Gar-
rido et al., 2019). Inactivated hepatitis A vaccines have highly im-
munogenic in healthy, reducing the incidence of hepatitis A (Andani
et al., 2021). NoV has greater genetic diversity, so it is harder to de-
velop related vaccines and there is no licensed vaccine at present
(Hasing & Pang, 2021).

Sensitivity analysis is a method for analyzing the statistical cor-
relation between input and output values in microbial quantitative
risk assessment. Sensitivity analysis of the factors affecting the final
virus concentration in a single strawberry was carried out (Figure 7).
The main factors affecting the concentration of virus on PS are the
time of first log reduction (LogTFL), the number of viruses on the
hands of workers (D14), and the proportion of viruses which can be
transferred from the workers' hands to the products (D13), when
exposed. The main factors affecting the virus concentration on US
are the time of first log reduction (LogTFL), the preharvest interval
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FIGURE 5 The possibility distribution of NoV and HAV contamination levels in a single strawberry. The weight of strawberry is 15g; a-1,
a-2,a-3 and b-1, b-2, b-3 represent NoV; c-1, c-2, c-3 and d-1, d-2, d-3 represent HAV. PS means processed fresh strawberries, US means
unprocessed fresh strawberries, and FS means frozen strawberries.
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FIGURE 6 Mean levels of NoV and HAV contamination in
strawberries.

between the last pesticide application and the harvesting (D4), and
the virus decay rate (D5). The main factors affecting the virus con-
centration on FS are the number of viruses on workers' hands (D14),
the proportion of viruses which can be transferred from workers'
hands to the products (D13), and the prevalence of viruses on work-
ers' hands (D8).

It was found that possible contamination from workers in straw-
berry production and marketing is another main factor affecting
the virus concentration in strawberries because they are involved
in picking, sorting, and packaging. In addition to human contami-
nation, the virus viability has become a major factor affecting the
virus concentration in strawberries. The main variable in the formula
concerning the inactivation time of first log reduction is the tem-
perature of transportation and storage. It indicates that the trans-
portation and storage temperatures are particularly important to the
pollution level of virus in strawberries. Low temperatures will ensure
the fresh quality of the food, but at the same time, a low tempera-
ture will also lead to the persistence of the virus on strawberries
(Mukama et al., 2020). Therefore, it is the recommended manage-
ment strengthening during the processes of strawberry production
and picking to avoid virus contamination of strawberries before

transportation.

3.2.3 | Scenario analysis

The model set the daily fruit intake of Chinese residents as the
daily strawberry intake of Chinese residents. The residents' straw-
berry intake combined with the average virus contamination level
of strawberries from the United States and Australia allowed cal-
culation of the virus exposure in Chinese residents of different age
groups. It was found that the exposure to the virus by eating im-
ported strawberries was less than the minimum infection dose of
10 PDU (Figure 8). By comparing different age groups, boys aged
11-14years and girls aged 14-18years have high daily exposure to

viruses. The main reason is probably that these two age groups con-

sume more strawberries daily (Figure 8).

3.24 | Dose-response

The infection probabilities (Figure 9) of NoV and HAV after eat-
ing US is nine times and eight times that after processing, respec-
tively. Fresh strawberries, after strict processing protocols, have a
lower NoV infection rate. Increasing the cleaning and disinfection
processes without causing increased damage to the strawberries
can reduce the virus contamination due to fresh strawberries. The
probability of NoV and HAV infection among residents after eating
FS is eight times and seven times that of residents after eating US
(Figure 10), and 75 times and 61 times that of residents after eating
PS, respectively. It is obvious that the risk of viral foodborne dis-
eases caused by FS is higher. The results of this study are consistent
with those reported previously (Bartsch et al., 2018).

3.2.5 | Risk assessment system

Based on B/S (browser/server) architecture, this section adopts
Java EE and MVC (Model-View-Controller) models to design and
implement a pathogen quantitative risk assessment system. The
Model is used to store and process data, the View is used in the ap-
plication to realize the visualization of risk data, and the Controller
is used in the application to deal with the interaction of risk analy-
sis users. The MVC pattern is used to identify the client and server
components in the Web-based online system, and the user inter-
action information and interface are modified and formulated. The
platform realizes the information of virus damage in the production
and marketing chain of strawberry, can report the potential risk
of pathogen contamination in strawberry early, improve the effi-
ciency of risk assessment, and has certain application value. Users
can through the website links (http://1.15.226.101:8080/straw
berryVirus/) into the main operating system interface (Figure 11),
the application system will accept calculation requests, and call
the model parameter data provided by the user to calculate the

final output prediction results.

4 | DISCUSSION

NoV and HAV are the main pathogens causing gastroenteritis and
hepatitis (Takahashi et al., 2018; Yao et al., 2020). Strawberries are
easily polluted by viruses during production and processing, making
consumers face real risks. The study by Cook et al. (2021)) found
detection of HAV in strawberry samples associated with the fa-
mous 1997 outbreak of foodborne hepatitis in the United States.
The detection of HAV demonstrates the persistence of this virus
under freezing conditions and the ability of RT-PCR-based methods
to identify pathogenic organisms even in long-term stored samples.
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FIGURE 7 Sensitivity analysis of factors affecting the final concentration of NoV and HAV in a single strawberry. a-1, a-2, a-3 and b-1,
b-2, b-3 represent NoV; c-1, c-2, c-3 and d-1, d-2, d-3 represent HAV.

According to the literature and the actual strawberry supply chain, investigation and analysis of these two steps, some food safety pro-
put forward by the expert group, a critical control point system was tection measures were suggested, which were also applied in the
established to analyze the potentially dangerous situations in each schedule of the critical control point system.

work process and formulate control measures to prevent them. Strawberries from the United States and Australia are the lead-
The main factors of virus contamination in strawberries were water ing sources of China's imported strawberries. The QMRA model
resources and human contamination, and the key control points was used to assess the risk of virus contamination of strawberries
were field management, cleaning, and disinfection. Through the in these two countries and the probability risk of NoV and HAV
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FIGURE 8 Residents' daily exposure to virus derived from strawberries when separated into different age groups. a represent NoV; b

represent HAV.

infection among Chinese consumers by eating imported strawber-
ries. Surface water in the United States and Australia was used as a
source of virus contamination in the strawberry supply chain. Stud-
ies have shown that the probability of virus infection among Chinese
consumers by eating strawberries from America was less than from
Australia. The probability of virus infection among consumers by
eating US was nine times higher than consuming them after process-
ing. Fresh strawberries after strict cleaning and disinfection were
safer than fresh strawberries directly sold after picking. Compared
with fresh strawberries, imported FS carried more viruses because
they were generally stored below 0°C for an extended time. The
QMRA model integrates the data of various virus contamination
factors encountered in the strawberry supply chain and was used to
judge the degree of final exposure of humans to viruses and evalu-
ate the potential harm of these viruses to human health. Sensitivity
analysis of potential pollution points shows that managers should
carry out standardized management for workers. The managers in
the strawberry supply chain should strictly abide by the work envi-
ronment protocols and personal hygiene management requirements
stipulated by the Food Standards Agency (www.food.gov.uk/safet
y-hygiene/norovirus) and the Centers for Disease Control and Pre-
vention (www.cdc.gov/infectioncontrol/guidelines/norovirus). Gov-
ernment departments should conduct management and sampling
inspections on their strawberry markets. The results of strawberry
detection should meet the requirements of DBS13/001-2015 (Reg-
ulation, 2015) and GB 4789.42-2016 (Regulation, 2016) for NoV
detection in national foods. The retailers and regulatory authorities
should jointly regulate food safety.

Combining the critical control point system with the QMRA
model, the study can effectively determine the virus contamination
factors in strawberry production and marketing, ensure the quality
and safety of strawberries, and provide key quality control strategy
references for managers. Our study shows that NoV and hepatitis
A in many berries originate from water and food handlers, which

are supported by some investigations in Europe, North America,
Asia, Australia, Africa, and South America (Gonzales-Gustavson
et al., 2019). Our study considered China's main import countries,
from the website (https://oec.world/) to query the trade of straw-
berries, we can find that the United States and Australia are closer
to China's strawberry trade and other countries are not necessarily
in our main trade objects. In less developed countries, there may
be more people infected with NoV, so quantitative risk assessment
models can be built for more less developed countries in the future
to provide a virus contamination warning platform. Strawberry pro-
duction and health management of workers need water resources,
so it is important to understand the fate of viruses in water and
wastewater.

This work provides a preliminary but relatively comprehensive
and flexible framework for estimating general data. The virus con-
tamination of fresh strawberries and FS was determined by consid-
ering the influence of all the operating conditions. Due to various
limitations in data availability, we encountered challenges in obtain-
ing a complete dataset that would accurately reflect the entire land-
scape of strawberry contamination. In light of these challenges, we
have taken a proactive approach to address the limitations of our
dataset. Recognizing that the absence of complete data could poten-
tially impact the clarity of the problem's current situation, we have
turned to simulation and modeling techniques to bridge the gap.
Specifically, we have conducted risk assessments in three distinct
scenarios: PS, US, and FS. These simulations have been grounded in
different distribution models that allow us to extrapolate and ana-
lyze potential contamination risks under various conditions. Further-
more, we acknowledge that our current model parameters are based
on available literature data and assumptions. However, we are fully
committed to refining and adapting our model once additional, more
comprehensive data become available. We believe that the model's
flexibility allows us to adjust its parameters to align with real-world
data, which will contribute to more accurate risk assessments in the
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FIGURE 9 The distribution of probabilities for virus infections among the population. a-1, a-2, a-3 and b-1, b-2, b-3 represent NoV; c-1,

c-2, c-3 and d-1, d-2, d-3 represent HAV.

future. To enhance the accessibility and timeliness of our risk as-
sessments, we have integrated a quantitative risk assessment online
platform. This platform not only facilitates real-time risk forecasts,
but also serves as a mechanism for rapid adaptation and parame-
ter adjustment as new data emerge. Strawberries imported from

other countries to the United States and Australia and reimported
to China have the potential for indirect contamination, and we will
take this into account in the future. At present, PCR technology has
developed rapidly, such as Fraisse et al.'s (2017)) study using a digital
RT-PCR method to quantify hepatitis A and NoV in soft berries. The
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model does not consider the prevalence of PCR, and relevant nodes
can be set in future models to optimize the model. The reliability of
microbial risk estimation needs to be further improved which can
be done by refining the parameterization of identification model
variables. The limited information regarding virus concentration in
pollution points will affect the uncertainty of estimates regarding
virus concentration. At present, we have temporarily collected these
literatures, which may affect the stability and accuracy of the model.
If there are any updates to the literature data in the future, we will
consider including more reliable literature data. We will continue to
update our model in the future and collect related data. Future re-
search is needed whereby more sample data must be collected to

clarify uncertainties of the modeling.
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FIGURE 10 Average probabilities for NoV and HAV infections
among the population.

5 | CONCLUSIONS
In this study, we investigated contamination risk of NoV and HAV
in imported strawberries through qualitative and quantitative
analyses across the supply chain. Employing a critical control point
system, we identified field management and disinfection as pivotal
in minimizing virus risks. Our research adhered to rigorous hygiene
standards while contributing novel insights. Based on the critical
control point system, the QMRA model was explored which re-
vealed distinct contamination levels based on strawberry origin,
aligning with authoritative agricultural data which showed that the
contamination levels of virus in strawberries from Australia were
higher than those from the United States, consistent with the in-
formation displayed by the agriculture departments of the two
countries. We highlighted the disparity in safety between care-
fully processed and directly picked fresh strawberries, emphasiz-
ing the importance of postharvest measures. Notably, our study
unveiled heightened virus persistence on FS, underlining the need
for tailored handling during freezing. Our pioneering risk assess-
ment early warning platform equips researchers and authorities
with predictive tools for timely interventions.

Overall, our research advances food safety understanding, offer-
ing practical risk management strategies while enhancing the safety
and quality of strawberries across the supply chain.
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Quantitative risk analysis system for hepatitis A

Introduction

The model starts from field management, picking, transport to processing facilities, washing and
disinfection, freezing, transport to port, aircraft transport, dose response and so on. Users can input the data of
each node in the model and calculate the output risk through the model. The system helps the relevant
management departments to grasp the risks in all aspects of the strawberry process from farm to consumption in

advance.

P1: Pre picking operations

Initial level of surface water NOV: Uniform distribution:
Amount of spray attached to strawberries: Uniform distribution:

Min:
Min:

Detention period between the last pesticide spraying and harvesting: Pert

distribution:

Min:

NOV attenuation rate: Norm distribution: Mean:

P2: Picking

Epidemic in the hands of personnel: Beta distribution: a:
Virus transfer from product to hand (fprod): Beta distribution: o:
Product surface area: Norm distribution: Mean:

P3: Transportation and processing
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Time (Transport to process): Pert distribution:
Time (Trunk to Airplane): Uniform distribution:
Temperature (Trunk to Airplane): Pert distribution:
Time (Airplane): Uniform distribution:

(Airplane): Pert distri
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FIGURE 11 The operating interface of the risk assessment system.
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