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ABSTRACT

Introduction: Mushroom poisoning was the
leading cause of foodborne disease outbreaks and
outbreak-associated deaths in China. Mushroom
poisoning outbreak surveillance can provide insight
into the epidemiological characteristics of mushroom
poisonings and guide policymaking and health
education to reduce illnesses and deaths.

Methods:  Foodborne Outbreak
Surveillance System was upgraded in 2011 to collect
foodborne disease outbreaks in China. Mushroom
poisoning outbreaks during 2010-2020 were selected
geographical  distribution,  seasonal
distribution, and setting of food preparation.

Results: A total of 10,036 outbreaks, which
resulted in 38,676 illnesses and 788 deaths, were
reported in this period. Mushroom poisonings
occurred all over the country, but with highest
incidence in the southwest and central China. Overall,
84.6% outbreaks were associated with food prepared in
households, followed by 8.7% in street stalls, and 2.5%
in canteens. Mushroom poisoning outbreaks clearly
exhibited seasonality, and the peak season was summer
through autumn. Outbreaks occurring between May
and October accounted for 94.1% of total outbreaks,
92.4% illnesses, and 97.2% deaths.

Conclusions: Mushroom poisoning is a food safety
issue of higher concern in China. Targeted health
education is essential to reduce mushroom poisoning,
especially in southwest China. Citizens are advised to
not collect or eat wild mushrooms.

Disease

to analyze

INTRODUCTION

Wild mushroom consumption is widespread
throughout the world, due to the nutritional value and
medicinal properties (/-2). However, mushroom
poisoning is a cause of major mortality and morbidity
throughout the world (3—4). Toxic mushrooms are
distributed across the globe with over 5,000 species.
Among them, 100 species are responsible for most of
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the cases of mushroom poisoning (5). A total of 1,020
edible, 692 medicinal, and 480 poisonous species have
been identified in China (6). Mushrooms are more
abundant in warm and rainy summer and autumn, and
mushroom pickers, especially if inexperienced, may not
fully perceive the risks associated with ingesting
potentially toxic mushroom species. Most mushroom
poisonings reported were accidental oral ingestion of
poisonous mushrooms misidentified for edible species.
Morphological characteristics and appearance of many
edible species were like those of poisonous mushrooms.
Poisonous mushrooms cause the most deaths in remote
districts in southwest regions in China (7). Mushroom
poisonings often occur in other countries (8-9), but
outbreaks were rarely reported (10).

Different levels of CDCs in China investigate and
report foodborne disease outbreaks according to the
requirements of the Food Safety Law. The China
National Center for Food Safety Risk Assessment
(CFSA) maintains and manages the Foodborne Disease
Outbreaks Surveillance System for data collection and
analysis. This study aimed to summarize and analyze
the epidemiological characteristics of mushroom
poisoning outbreaks from 2010 to 2020 in China.

METHODS

A foodborne disease outbreak is defined as an
incident in which two or more cases involve a similar
illness resulting from the consumption of a common
food (71). A standard form was used to report the
foodborne disease outbreaks investigated by CDCs at
provincial, municipal, and county levels. All approved
mushroom poisoning outbreak reports from 2010
through 2020 were collected through Foodborne
Disease Outbreaks Surveillance System. Data collected
in each outbreak report included the reporting CDC,
the date of occurrence, the number of illnesses,
hospitalizations, deaths, the etiologic agents, implicated
food vehicle, setting of food preparation, and
contributing factors.

All reported outbreaks were audited and checked,
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then stored and managed using Microsoft Excel
(version 2016, Microsoft, USA). All variable values
were reported as counts or proportions (%).

RESULTS

During 2010-2020, a total of 10,036 mushroom
poisoning outbreaks were reported to Foodborne
Disease Outbreaks Surveillance System, resulting in
38,676 illnesses, 21,967 hospitalizations, and 788
deaths. The annual number of reported outbreaks
increased each year, from 37 reported in 2010 to 2,705
in 2020 (Figure 1). The average number of illnesses per
outbreak was 3.9, and average hospitalization and
fatality rates were 56.8% and 2.0%, respectively.

Except for Xizang (Tibet) Autonomous Region, the
other 30 provincial-level administrative divisions
(PLADs) in China reported outbreaks (Figure 2).
Southwest China was the region with highest number
of outbreaks (6,062), illnesses (24,444), and deaths
(454); 1,900 outbreaks occurred in central China,
leading to 6,559 illnesses and 137 deaths; 1,132
outbreaks occurred in east China, leading to 4,094
illnesses and 112 deaths; 423 outbreaks occurred in
south China, leading to 1,663 illnesses and 30 deaths;
and followed by northwest China (213 outbreaks, 749
illnesses, and 20 deaths), north China (153 outbreaks,
621 illnesses, and 25 deaths), and northeast China
(153 outbreaks, 546 illnesses, and 10 deaths). The total
number of outbreaks reported by each PLAD varied
from as low as 1 in Tianjin and Shanghai to as high as
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4,010 in Yunnan. The overall national reporting rate
during  2010-2020 was 0.3  outbreaks/million
population. The top 5 PLADs, including Yunnan,
Hunan, Guizhou, Sichuan, and Jiangxi, comprised
79.7% (8,002/10,036) of total outbreaks, 80.3%
(31,058/38,676) of total illnesses, and 74.6%
(588/788) of total deaths. Yunnan reported the most
outbreaks, illnesses, and deaths, accounting for 40.0%,
43.6%, and 41.0%, respectively.

The locations of food preparation were divided into
2 main categories: household and catering service
places (Table 1). Among the 10,036 reported
outbreaks, 84.7% were associated with food prepared
in private homes (leading to 77.8% illnesses and
92.8% deaths), followed by 8.8% related with food
prepared in street stalls (leading to 8.6% illnesses and
2.0% deaths), and 2.5% in canteens (leading to 4.6%
illnesses and 1.9% deaths). The major cause of private-
home outbreaks was self-harvest of wild mushrooms,
which led to 98.1% of all private home outbreaks,
98.2% of illnesses, and 99.6% of deaths. Purchase of
wild mushroom was the most common cause of
catering service outbreaks, accounting for 63.5% of all
catering service outbreaks, 49.0% illnesses, and 28.3%
deaths.

From 2010 to 2020, mushroom poisoning
outbreaks annually clearly exhibited seasonality
(Figure 3). A large proportion of outbreaks occurred
between May and October, accounting for 94.1% of
total outbreaks, 92.4% of total illnesses, and 97.2% of
total deaths. In Yunnan, there was a clear peak of
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FIGURE 1. Number of reported mushroom poisoning outbreaks by year, Foodborne Disease Outbreak Surveillance System,

China, 2010-2020.
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FIGURE 2. Number of reported mushroom poisoning outbreaks by PLADs in China, 2010-2020.

Abbreviation: PLADs=provincial-level administrative divisions.

TABLE 1. Number and percentage of mushroom poisoning outbreaks, illnesses, hospitalizations, and deaths by settings in

China, 2010-2020.

Setting Outbreaks llinesses Hospitalizations Deaths
Number % Number % Number % Number %
Household 8,495 84.6 30,098 77.8 17,456 79.5 731 92.8
Catering Service Places 1,463 14.6 8,083 20.9 4,196 19.1 46 5.8
Street stall 878 8.7 3,317 8.6 1,677 7.6 16 2.0
Staff canteen 249 25 1,783 4.6 899 4.1 15 1.9
Restaurant 175 1.7 1,107 2.9 550 2.5 0 0.0
Rural banquet 58 0.6 1,240 3.2 789 3.6 9 1.1
Cafe 50 0.5 276 0.7 131 0.6 3 0.4
Fast food store 32 0.3 144 0.4 83 0.4 3 0.4
School canteen 7 0.1 71 0.2 30 0.1 0 0.0
Home delivery of meal 5 0.0 109 0.3 12 0.1 0 0.0
Other 9 0.1 36 0.1 25 0.1 0 0.0
Campus 6 0.1 27 0.1 14 0.1 0 0.0
Other location 72 0.7 468 1.2 301 1.4 11 14
Total 10,036 100.0 38,676 100.0 21,967 100.0 788 100.0
outbreaks in July, while 2 peaks appearing in June and DISSCUSSION

September were observed in Hunan and Guizhou.

For all the reported outbreaks, 96.8% involved fewer
than 10 cases per outbreak, leading to 95.7% of the
total deaths. In addition, 12 outbreaks had more than
30 cases, met the limits of the public health emergency
incidents of China, and led to 943 illnesses and no
reported deaths.
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Mushroom poisoning was the leading cause of
foodborne disease outbreaks and outbreak-associated
deaths in China. Surveillance data showed that
mushroom poisonings accounted for 31.8% of the
total outbreaks and 47.4% of the total associated
deaths from 2003-2017 (12). The annual number of
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FIGURE 3. Monthly distribution of reported mushroom poisoning outbreaks in China, 2010-2020.

mushroom poisoning outbreaks reported in China
gradually increased between 2010 and 2020. The
increase is expected to be associated with the
implementation of compulsory surveillance in 2011,
increasingly strict requirements for outbreak reporting,
and enhancement of reporting awareness. Therefore,
the increase owed a great deal to the improvement of
surveillance sensitivity. Even though 2,075 mushroom
outbreaks were reported in 2020, underreporting is
still likely.

Mushroom poisonings were reported throughout the
country, but the incidence was highest in the
southwest and central, likely due to the warm and
damp climate conditions. Most outbreaks occurred in
private home settings, especially in rural areas, mainly
because of the self-harvesting of wild mushroom. Non-
expert wild mushroom picking and consumption
increases the risk of poisoning due to the difficulties of
identifying poisonous mushrooms and distinguishing
them from non-poisonous mushrooms. Although
citizens are advised not to collect and eat wild
mushrooms, mushroom poisoning continues to occur
every year.

Mushroom poisoning occurred every month, with
peaks in summer and autumn. The seasonality suggests
that, albeit always important, health education is
especially crucial in this period. Since mushroom
picking is more frequent in rural environments, health
education targeted for specific groups in rural areas is
also essential to reduce mushroom poisonings.

Only 3,872 outbreaks (38.6%) were reported with

Chinese Center for Disease Control and Prevention

mushroom names, involving 15,475 illnesses (40.0%)
and 275 deaths (34.9%); 65.1% deaths were reported
in 6,164 outbreaks involving unidentified mushrooms.
Absence of relevant mushroom samples and ingestion
of multiple mushrooms increased the difficulty of
identifying causative species. Over 180 mushroom
names were reported, but most of the outbreaks were
reported with trivial, non-scientific names. Accurate
and prompt species identification is crucial in the
diagnosis and treatment process. More effort and
cooperation is needed from administrative agencies,
epidemiologists, doctors, and mycologists to increase
the identification rate (13).

It is not possible to evaluate if the increase in
reporting of mushroom poisoning outbreaks in
investigations is only due to changes in surveillance
practices or reflecting a true increase in incidence.
Evaluating trends will be possible when surveillance
and reporting practices are well-established and stable
throughout the country. Currently, some degree of
underreporting still exists, which is also a challenge for
all foodborne illnesses globally (74). In addition to
challenges in surveillance, underreporting is also related
to failures in any other step between the occurrence of
an illness and the reporting of the outbreak, i.e.,
patients seeking medical care, the cause of the illness
being investigated, and the illness being registered (15).

Despite important improvements in surveillance of
mushroom poisoning outbreaks, some of the results in
the analysis were still subject to some limitations. Some
of the epidemiological information is still not complete
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and accurate, such as mushroom species identification.
Efforts should be made to improve investigative
procedures, reporting practices, and data collection.
Because of different surveillance systems and reporting
standards, the results might be different from the other
published results earlier or later (13).

Identifying and prioritizing interventions to reduce
diseases, including mushroom poisoning, requires data
on the public health impact of these diseases. The
results of this study showed that targeted interventions
to reduce mushroom poising in China are crucial.
Policy efforts should be focused on citizen campaigns
to raise awareness of the risks, and are particularly
important in summer and autumn months, rural areas,
and specific regions of China.
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