Original Article ISSN 0101-2061 (Print)

Food Science and Technology ISSN 1678-457X (Online)

@) |

DOI: https://doi.org/10.1590/fst.94321

Surveillance for foodborne diseases in a sentinel hospital in Jinhua city, Midwest of
Zhejiang province, China from 2016-2019

Fang-Rong XU', Yang YANG**

Abstract

To analysis the main clinical symptoms and causative hazards of foodborne disease outbreaks to provide a reference for the
prevention, control, and early warning of foodborne diseases. 2,919 FBDs cases were collected and summarised through the
China Food and Drug Administration (CFDA) surveillance system. Foodborne diseases were detected according to national
standards. Microsoft Excel 2010 and SPSS 12.0 were used for data descriptive analysis. The mean+standard deviation was used
to describe the numerical variables, and the frequency and composition ratio were used to describe the classification variables.
There were 2,919 FBDs cases included in the analysis. The highest number of cases occurred among students (41.49%) and
farmers (22.85%). The months of August (398,13.63%), September (333,11.41%) and July (330,11.31%) accounted for most cases.
The two most frequent pathogens supported by laboratory confirmation are Norovirus and Salmonella. The major symptoms
of illness were diarrhoea (97.64%), fever (27.95%), abdominal pain (24.67%), vomiting (22.30%), and nausea (13.7%). This
study revealed epidemiological characteristics of FBDs and identified some higher risk factors for interventions. Salmonella
and Norovirus were the main pathogens. Foods from catering service settings and animal foods were the factors most likely to

contribute to foodborne diseases. Most cases of intoxication and outbreaks were related to wild mushrooms.

Keywords: foodborne diseases; surveillance; epidemiology; risk factors.

Practical Application: This article provided clues for health education of community oriented, school oriented or other society

groups.

1 Introduction

Foodborne diseases (FBDs) are a major public health issue
worldwide, especially for young persons, older persons, and those
who are sick (Fung et al., 2018). The World Health Organization
(WHO) defines FBDs as ‘diseases causing the infection or
poisoning of human bodies, usually caused by pathogens that
enter bodies through ingestion (Guo et al., 2018). In China, the
most common pathogens of foodborne diseases are Dysentery
bacilli, Typhoid bacilli, Salmonella, Vibrio parahaemolyticus
and Escherichia coli. The peak incidence of those pathogens
mentioned above is concentrated from July to September. And the
peak incidence of norovirus was concentrated from November
to May of the following year (Fu et al., 2019;Wu et al,, 2021).
Microbial contamination is an important cause of morbidity
and mortality.

According to a report by the WHO, in 2010, 600 million people
fell ill globally, and 420,000 people died from FBDs. The global
burden FBDs caused in 2010 was 33 million disability adjusted
life years(DALYs) (Havelaar et al., 2015). Internationally, one
of the most notorious incidents is the Minamata disease caused
by methylmercury poisoning, which, released from factories,
accumulated in fish and shellfish and entered the body through
consumption, first discovered in 1956 in Kumamoto Prefecture,
Japan (Fung et al., 2018). Another incident occurred in the Jinzu

river basin, Japan. The local residents along the river suffered
an illness called ‘itai-itai’ The river and crops were polluted by
the sewage discharged from mining. Thus, cadmium entered
the body through water and rice consumption. This caused
a series of symptoms, with ostealgia as the main symptom
(Fung et al., 2018).

On average, one in every 6.5 people in China suffers from
FBDs due to eating unsafe food (Chen, 2016). Food safety issues
are also causing concern. In 1988, an outbreak of hepatitis A
occurred in Shanghai due to consumption of raw clams, which
resulted in nearly 300,000 people suffering from illness, and
11 deaths (Liu et al., 2018). In 2008, consumption of melamine-
tainted milk had sickened more than 294,000 infants and young
children, of whom 51,900 were hospitalised and resulted in at
least six deaths, mainly due to kidney problems (El-Nezami et al.,
2013).In 2011, in Henan province in China, many farms fed pigs
with fodder mixed with clenbuterol for economic benefits. Once
an anti-asthma drug, clenbuterol is banned in fodder because
it brings great harm to humans through the consumption of
pork (Hu et al,, 2019).

Unsafe food not only affects human health and security, but
also threatens economic growth and social stability.Food safety
was ranked first in the top five safety issues in China (Lam etal.,
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2013).In 2009, the China Food and Drug Administration (CFDA)
set up the FBDs surveillance system to ensure food safety and
prevent unnecessary foodborne illnesses. This included checking
for pathogenic microorganisms, food products and plants entering
the food supply, and chemical contamination (Wu et al., 2018).
The system monitored FBDs cases, outbreaks and suspected risk
factors to identify potential hazards. Zhejiang Province started the
FBDs surveillance system in 2010. To date, 31 major surveillance
hospitals are involved. The Affiliated Jinhua Hospital, Zhejiang
University School of Medicine, as the biggest sentinel hospital
in midwest Zhejiang, is among them.

Previous literature shows there were few studies from the
perspective of hospitals. The objective of this study is to describe
the demographic and epidemiological characteristics of FBDs
surveillance carried out by Affiliated Jinhua Hospital, Zhejiang
University School of Medicine during 2016-2019. Furthermore,
it provided several recommendations for policy perfection and
cooperation between hospitals and centres for disease control
and prevention (CDC).

2 Materials and methods

2.1 Case definition

FBDs cases are defined as patients with diarrhoea (frequency
equal or greater than three instances of abnormal stool characters)
or vomiting or toxic symptoms suspected of being caused by food
consumption. An outbreak is defined as two or more patients
with FBDs who consumed the same food prior to the onset of
illness at a similar time, and the clinical manifestations of all
poisoned patients are basically similar.

2.2 Data sources

We collected and summarised data through the CFDA’s
surveillance system. 2,919 FBDs cases were selected in a sentinel
hospital in Jinhua city from 2016-2019, and 1,651 (56.56%) were
male, while 1,268 (43.44%) were female. The information was
collected for the number of outpatients and patients hospitalised
due to diarrhoea. Each patient’s details included gender, age,
occupation, home address, contact information, diet, duration
of disease, clinical symptoms of illness, suspected food vehicle,
setting of food preparation or consumption and the number of
cases by suspected causative hazards. Stool samples (only from
patients with diarrhoea) were collected and sent to the laboratory
for confirmation, and they are mainly detected by bacterial
culture and molecular biology. All the laboratory examination
methods were executed in accordance with national standards
(GB47894-2010, GB47895-2003, GB47897-2008 and GB47896-
2003) and the testing procedures specified in The Manual of
2014 National Foodborne Disease Monitoring Work.

2.3 Food vehicle classification

Food vehicles were combined into nine classifications for
clarity. For example, meat products and aquatic animal products
were included in animal foods. Vegetable products, fruit products
and fungi products were included in plant foods. Multiple foods
refer to consuming two or more classifications of foods. Blended

foods refer to a mixture of two or more classifications of foods,
such as dumplings.

2.4 Data analysis

2,919 FBDs cases were derived from the CFDA surveillance
system. SPSS12.0 were used to carry out descriptive analysis of
numerical variables, frequency and composition ratio analysis
of categorical variables.

3 Results

3.1 Demographic distribution

0£2,919 FBDs cases from 2016-2019, 2,480 cases reported
suspected food. The 0~, 16~ and 26~ age group had higher
percentages. Students and farmers are high risk groups of food
poisoning, accounting for 41.49% and 22.85% of the total cases,
respectively. (Table 1).

3.2 Time distribution

The months of August (398, 13.63%), September (333, 11.41%)
and July (330, 11.31%) accounted for most cases. The fewest
cases occurred in the January to April period (Figure 1). The two
most frequent pathogens supported by laboratory confirmation
are Norovirus and Salmonella (Figure 2 and 3).

3.3 Number of patients and hospital admissions due to
diarrhoea

From 2016-2019, the number of outpatients suffering
from diarrhoea made up an average of 0.67% (0.53%-0.87%)
of the total patients. The number of patients hospitalised due to
diarrhoea made up an average of 0.53% (0.38%-0.74%) of the
total hospitalised patients.

3.4 Main clinical symptoms of illness

The major symptoms of illness were diarrhoea (97.64%),
fever (27.95%), abdominal pain (24.67%), vomiting (22.30%),
and nausea (13.7%). The clinical symptoms of cases are shown
in detail in Table 2 and Figure 4.

3.5 Setting of food preparation or consumption, and
suspected food vehicles

O£ 2,919 FBDs cases, 2,480 patients were willing or able to
provide information about food consumption in terms of food
processing and packaging methods. Catering services accounted
for 979 cases (39.48%). Homemade food was the second most
common method, accounting for 840 cases (33.87%), followed
by bulk food (273 cases, 11.01%), other methods (229 cases,
9.23%) and prepackaging (159 cases, 6.41%). Nine food
classifications were detected. The top five were animal foods
(798 cases, 32.18%), multiple foods (405 cases, 16.33%), plant
foods (369 cases, 14.88%), milk and beans (263 cases, 10.60%)
and others, mainly including lactation of human milk (303 cases,
12.22%) (Table 3).
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Table 1. Demographic distribution of foodborne disease cases.
Classification Number of cases Percent(%) Classification Number of cases Percent(%)
Gender Year
Male 1651 56.56 2016 923 31.62
Female 1268 43.44 2017 732 25.08
Age group(yr.) 2018 677 23.19
0~ 732 25.08 2019 587 20.11
6~ 260 8.91
16~ 367 12.57
26~ 367 12.57
36~ 253 8.67
46~ 304 10.41
56~ 309 10.59
66~ 327 11.20
Occupation
Students(include 1211 41.49
preschoolers)
Farmers 667 22.85
Office staff 310 10.62
Workers 283 9.70
Commercial service 275 9.42
Unemployed 146 5.00
Catering services 10 0.34
Other 17 0.58
Total 2919 100 Total 2919 100
Table 2. Clinical symptoms of foodborne disease cases.
Number of cases —
450 Nsﬁ;ﬁ)rrl:sal Number of cases Rate(%)
400
350 398 Diarrhea 2850 97.64
300 330 333 Fever 816 27.95
222 257 i ; 271 P Abdominal pain 720 24.67
o o oa W | B " L Vomiting 651 223
100 142 187 Nausea 400 13.7
= Hypourocrinia 138 4.73
’ Jan. Feb. Mar. Apr. May B el Aug. Sep. ek llew [Due Thirst 61 2.09
e 1 Numberof cases  mont Dehydration 49 1.68
Weakness 36 1.23
Figure 1. Number of cases in month. Tic 30 1.03
Chills 29 0.99
Convulsions 15 0.51

3.6 Causative hazards

The causative hazards were classified into infectious and
cases of intoxication. With decreased immunity, the human body
produces less antibody synthesis. This enhances the number of
infectious cases. Poisoning cases occurred due to misuse of toxic
wild mushrooms and herbs or misuse of pesticides. Consuming
wild mushrooms resulted in the majority of cases of intoxication
and outbreaks (Table 4).

4 Discussion

From 2001 to 2010, 5,021 outbreaks of FBDs were reported
in China, causing 140,101 illnesses and 1,427 deaths (Li et al,,
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2018). FBDs cause a huge burden of disease globally, especially
in less developed countries. As a typical developing country,
China’s economy has developed rapidly since the reform and
opening period. However, public health systems like food safety
surveillance in China did not improve until the outbreak of
SARS in 2002, which posed serious challenges. The food safety
incidents mentioned above have not only heavily damaged
China’s food industry and exports but also done serious harm
to its national reputation and international image. Worryingly,
the more serious accompanying negative effects have not been
completely eliminated.
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Figure 2. The laboratory comfirmation in month.

Table 3. Number and proportion of food preparation or consumption
and vehicle.

Number of

cases Percent(%)
Setting of food preparation or
consumption
Catering services 979 39.48
Homemade 840 33.87
Bulk food 273 11.01
Prepackaging 159 6.41
Else ( lactation of human milk, etc) 229 9.23
Suspected food vehicle
Animal foods 798 32.18
Multiple foods 405 16.33
Plant foods 369 14.88
Milk and bean 263 10.6
Blended foods 143 5.77
Cereals 95 3.83
Drinks 75 3.02
infant foods 29 1.17
Else(Sweetmeat, Nut, condiment, Algae, 303 12.22
etc)
Total 2480 100

In our study, the patients’ symptoms are mainly diarrhoea,
fever, abdominal pain, vomiting and nausea, as shown in other
studies. Infectious cases usually have digestive symptoms of
diarrhoea, abdominal pain or vomiting. As the leading symptom
of FBDs, diarrhoeal disease is also one of the leading causes
of death in children under five (Asefa et al., 2020). In a single
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L
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Figure 3 The laboratory confirmation in year

Figure 3. The laboratory comfirmation in year.

hospital like ours, within four years, 53,733 (0.67%) outpatients
seek treatment due to diarrhoea. Among these patients,
2,658 (0.57%) were hospitalised (Table 2). This causes great
health and financial burden to patients, as well as increasing
doctors’ workloads. Further, the risk of hospital infection could
be a threat to other patients.

Males were more likely to suffer from FBDs, as men were
generally more adventurous than women when making irrational
decisions (Shan et al., 2019). Children under six were more likely
to suffer FBDs, as mentioned in the previous study (Havelaar et al.,
2015), due to their lower immunity and the absence of health
education. Preschoolers and students accounted for more than
60% of cases. This is partly due to their lower immunity, as

Food Sci. Technol, Campinas, v42, €94321, 2022
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Table 4. Number of cases by suspected causative hazards.

Causative hazards Number of cases Percent(%)
Infectious cases 2876 98.52
Toxic cases 43 1.48
Wild mushrooms 28 0.96
Herb 11 0.38
Agaric 2 0.07
Pesticide 2 0.07

= Salmonella
@ Shigella

= V.parahaemolyticus
51% Norovirus

| Cholera(none O1and none
0139)

Figure 4. Pathogen constituents.

mentioned above. This is also due to their lack of control over
their diets and the likelihood that they consume food at roadside
stands which usually have poor sanitary conditions. Significantly,
farmers made up a fifth of all cases. Compared with developed
countries, most farmers in China belong to a low-income group.
Therefore, they pay little attention to the food safety and hygiene
and consumption settings and, thus, are more likely to be invaded
by pathogens through contaminated food.

The seasonality of FBDs cases was observed in this study.
Most cases occurred in warm months (May to October), peaking
in summer. This was in line with other studies (Wu et al.,
2021;Li et al., 2018). On the one hand, high temperatures are
conducive to pathogen growth, as is known (Yang et al., 2019).
On the other hand, insects such as flies multiply rapidly when
the temperature is appropriate, and pathogens spread to many
places, along with those hosts’ movements. As showed in Figure 2,
bacteria like Salmonella, V. parahaemolyticus, Shigella and
cholera (none O1 and none O139) were commonly detected
in warm months. However, a seasonal peak in summer does
not occur for some pathogens. For instance, Norovirus is more
frequent in winter months when the temperature is relatively
low (Hall et al., 2012). Certainly, temperatures are not the only
factors with seasonality. Humidity, light or other climatic factors
could also influence pathogen growth (Park et al., 2018).

Causative hazards will invade food during each link of
preservation and processing, such as food storage, food preparation,
cooking, the cooking environment, the hand hygiene of cooks
and pantry helpers and tableware disinfecting (Yang et al.,

Food Sci. Technol, Campinas, v42, e94321, 2022

2019;Brown et al., 2017). One well-known person was “Typhoid
Mary” who brought typhoid to places where she worked as a
cook (Fegan & Jenson, 2018). About 40% of patients with FBDs
reported consuming food from catering service settings prior to
the onset of illness. In recent years, it has become fashionable
to order takeaway food through apps. This brings more unsafe
factors since it is difficult to supervise the quality of food and the
preparation process for those without fixed shops. In addition,
due to the complexity of Chinese food and cooking methods,
pathogens could contaminate foods in more ways, making it
difficult to avoid FBDs. The main food vehicles suspected of
causing illnesses are animal foods and multiple foods. As it is
known, animal foods can provide hotbeds for pathogens if not
stored properly and, thus, cause diseases (Marr, 1999). Similar
to other studies (Wu et al., 2019;Finger et al., 2019), multiple
foods remain one of the most common vehicles, and this presents
difficulties in identifying the specific foods and preventing them
from circulation. It should be noted that homemade foods led
to more than 30% of cases. As shown above, 1.48% of FBDs
cases and 20% of the FBDs outbreaks related to people picking
wild mushrooms, herb or agaric and consuming them at home,
even consuming pesticide by mistake. All of this suggested the
absence of food safety education for the general public.

With globalisation, the problems of food safety will not
be restricted to a single country or region. In China, a large
population, environmental pollution, regional development
imbalances and public health system construction remain
crucial. Challenges are upon us, not merely to hospitals but also
government agencies, CDC, health supervision agencies and
food enterprises. Government agencies must reinforce laws to
strengthen food safety. Hospitals should be on the alert for FBDs
cases, provide proper treatment and share information with CDC
as well as other health supervision agencies or organisations.
As the source of the food supply chain, food enterprises must
stick to the rules and regulation on food safety and hygiene to
make people safe.

Some limitations exist in this study. First, we did not use any
sequencing or genomic methodologies. The use of the power
of whole genome sequencing in combination with laboratory
methods in order to understand genetic differences between
pathogens and to conduct surveillance of diseases. Second, a few
patients failed to provide information about food consumption.
It reduced the available data of food consumption characters
to a degree. Third, when considering different diagnostic levels
and a lack of laboratory confirmation, a small number of cases
that might not be classified as FBDs were included in the study.
These cases may provide some interference information for
analysis. Fourthly, this study was conducted in only one hospital.
In the future, we hope more hospitals in Jinhua city will join the
surveillance system. The data from each hospital will be combined
and be more representative of the whole city. Finally, only a few
pathogens were identified by the laboratory for confirmation,
resulting in some pathogens not being detected. We hope that in
future, more pathogens will be included and that this will improve
the rate of laboratory confirmation. Thus, suggestions from
studies will be more targeted for policymakers and supervisors.
In these future studies, we will make improvements according
to the above limitations.
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This study revealed epidemiological characteristics of
FBDs in our hospital and identified some higher risk factors for
interventions. This study revealed epidemiological characteristics
of FBDs and identified some higher risk factors for interventions.
Males and preschool children were more likely to suffer FBDs.
Salmonella and Norovirus were the main pathogens. Foods from
catering services settings and animal foods were the factors that
most often contribute to foodborne diseases. Most of the cases
of intoxication and outbreaks were related to wild mushrooms.
Some information was provided to the government and other
organisations for further policy-making and supervision to
ensure food safety.
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