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Abstract
Background  Mushroom poisoning is a major public health issue in China. The integration of medical resources from 
different institutes of different levels is crucial in reducing the harm of mushroom poisoning. However, few studies 
have provided comprehensive implementation procedures and postimplementation effectiveness evaluations. To 
reduce the harm caused by mushroom poisoning, a network system for the prevention and treatment of mushroom 
poisoning (NSPTMP) was established in Chuxiong, Yunnan Province, a high-risk area for mushroom poisoning.

Methods  The NSPTMP consists of three types of institutions, namely, centers for disease prevention, hospitals, and 
health administration departments, with each kind of institution comprising prefecture, county/city, town, and village 
levels. After three years of implementation, the network was evaluated by comparing the indices before and after 
network implementation using data from the “Foodborne Disease Outbreak Surveillance System” and 17 hospitals 
in Chuxiong. The indices included the fatalities caused by mushroom poisoning, the composition ratios of different 
types of mushrooms for both outpatients and inpatients and the hospitalization rates.

Results  Compared to the average fatality rate of mushroom poisoning from 2015 to 2017, the average fatality rate 
from 2018 to 2020 significantly decreased from 0.57 to 0.06% (P < 0.001). Regarding the poisonous genus containing 
lethal mushrooms, the outpatient and inpatient composition ratios significantly decreased for Amanita (9.36–2.91% 
and 57.23–17.68%, respectively) and Russula (15.27–8.41%) (P < 0.05). Regarding poisonous mushrooms that caused 
mild symptoms, the outpatient and inpatient composition ratios significantly increased for Scleroderma (5.13–13.90% 
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Introduction
Mushroom poisoning occurs worldwide [1–3]. In Europe 
[4–7], the United States [8–10] and China [11–16], the 
consumption of wild mushrooms is a common practice 
and often leads to a high number of cases of toxic mush-
room exposure. From 1999 to 2016, US poison centers 
reported 133,700 cases of mushroom poisoning, with 
47,220 healthcare facility treatments and 52 deaths [10]. 
In Germany, from 2010 to 2018, 4441 patients were 
treated for mushroom poisoning in hospitals, and 32 
deaths were recorded from diagnostic data [6]. However, 
a higher number of mushroom poisoning deaths and 
fatalities have been observed in China than in Europe 
and the US. Specifically, from 2004 to 2014, 3710 cases 
of mushroom poisoning were reported in “The Public 
Health Emergency Management Information System” in 
China, with 786 deaths [12]. Recent data from the “Food-
borne Disease Outbreak Surveillance System” in China 
have shown that the proportion of foodborne disease-
associated deaths caused by poisonous mushrooms is the 
highest [17, 18], accounting for 37.78% (51/135), 57.6% 
(72/125), and 67.86% (76/112) of deaths in 2018, 2019 
and 2021, respectively [19–21]. Thus, mushroom poison-
ing is a major public health problem in China.

Concern about mushroom poisoning in China has 
been a long-standing issue. Prior to 2000, China had nei-
ther a surveillance system that reflected national poison-
ous mushroom exposure nor a standardized mushroom 
poisoning prevention and treatment system. In 2000, a 
mushroom poisoning accident in Guangzhou (9 people 
were poisoned, and 8 died within a week) [22] sparked 
concern. Subsequent investigation of this incident 
revealed that some unique Chinese poisonous mushroom 
species were misidentified as common species found in 
Europe or the United States for many years. For example, 
the mushroom involved in the Guangzhou incident was 
not the common European species, Amanita verna, but a 
new species that had not yet been identified and was later 
named by fungal taxonomists Amanita exitialis [23]. In 
2003, the severe acute respiratory syndrome (SARS) out-
break in China promoted the development of China’s 
public health system, including the establishment of the 

“Public Health Emergency Management Information 
System” by the Chinese Center for Disease Prevention 
(CCDC) in 2004. This system allows major mushroom 
poisoning cases to be reported as public health emer-
gency events. At the same time, the surveillance sys-
tem for foodborne diseases was established in 2001 and 
updated in 2013. Therefore, with the experience gained 
from field investigations, phone consultations from 
poisoning hotlines, and surveillance data analysis, the 
exposure properties of mushroom poisoning in China 
gradually became better understood. It became apparent 
that mushroom identification was crucial in the diagno-
sis and treatment of mushroom poisoning cases, which is 
also a consensus revealed in the relevant literature [6, 7, 
9, 23]. As a result, mycologists became involved in inves-
tigating mushroom poisoning incidents. In 2006, the 
“Toxic Biological Sample Bank” project was established 
by the CCDC to obtain the ecological characteristics of 
poisonous mushrooms and promote the taxonomy of 
mushrooms in China. Then, books and research papers 
on poisonous mushroom identification, prevention, and 
control were published [11, 23–27]. These efforts have 
shifted the prevention and treatment of mushroom poi-
soning in China from an empirical mode to an evidence-
based mode.

Over the years, experience in preventing, controlling, 
and treating mushroom poisoning in China has led to the 
recognition of two key characteristics. First, mushroom 
poisoning management involves multiple aspects, such 
as mushroom identification, standardization of clinical 
diagnosis and treatment, management of local health 
resources, and public education. Effective management 
of these aspects requires coordination across various 
institutions, including hospitals, CDCs, health admin-
istration departments (HADs), and research institutes. 
Second, it has been observed that over 80% of patients 
with mushroom poisoning experience mild symptoms 
[7, 10], which suggests that a hierarchal treatment system 
should be established to ensure that patients with mild 
symptoms are treated in most healthcare institutions 
and that patients with severe symptoms are referred to 
hospitals with life-saving equipment as early as possible. 

and 2.89–18.90%, respectively) and Boletaceae (19.08–31.71%) (P < 0.05), and the hospitalization rates significantly 
increased for Scleroderma (6.33–18.02%) and Boletaceae (5.65–12.71%) (P < 0.05).

Conclusions  These findings suggest that the NSPTMP effectively reduced the harm caused by mushroom poisoning. 
In addition to the integration of medical resources, the development of poisonous mushroom identification, 
hierarchical treatment systems in hospitals, public education, and professional training also played important roles in 
improving the system’s effectiveness. The establishment and evaluation of the NSPTMP in Chuxiong Prefecture can 
provide valuable insights and serve as a model for other regions facing similar challenges in managing mushroom 
poisoning.

Keywords  Mushroom poisoning, Fatality, Network, Implementation, Evaluation, Mushroom identification
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Therefore, the integration of medical resources from dif-
ferent institutes of different levels is crucial in reducing 
the harm of mushroom poisoning [28, 29]. To address 
these issues, in 2018, a network system for the preven-
tion and treatment of mushroom poisoning (NSPTMP) 
was established in the most representative region, Chux-
iong Autonomous Prefecture, Yunnan Province [28, 
30]. The NSPTMP was designed to reduce the harm of 
mushroom poisoning in Chuxiong Prefecture with two 
innovative principles, called “combination and connec-
tion”. This means (1) combining the job of prevention at 
the CDC, the treatment of patients in hospitals, and the 
authorities of the HAD; and (2) connecting the various 
levels, from the prefecture, through cities and counties, 
and down to the townships and villages. After three years 
of implementation, the effectiveness of the network was 
evaluated. Although many mushroom poisoning-related 
studies have proposed strategies to reduce mushroom 
poisoning risks by strengthening cooperation among 
various parties and enhancing public education, few have 
addressed the implementation of such strategies or eval-
uated their postimplementation effects.

The aim of our study was to reduce the harm caused 
by mushroom poisoning by establishing the NSPTMP in 
Chuxiong, Yunnan Province, a high-risk area for mush-
room poisoning. This study comprises the following two 
main components. First, a comprehensive overview of 
the roles of each kind of institution and their interrela-
tionship at each level within the NSPTMP is presented. 
Second, the effectiveness of the NSPTMP was evaluated 
using data from the Foodborne Disease Outbreak Sur-
veillance System and diagnostic data from 17 key hos-
pitals in Chuxiong Prefecture. The findings of this study 
offer valuable insights for the prevention, control, and 
management of mushroom poisoning.

Methods
Data collection
To assess the impact of the NSPTMP, two distinct data 
resources were used. First, the Foodborne Disease Out-
break Surveillance System in Chuxiong Prefecture pro-
vided insights into mushroom poisoning incidents 
reported by hospitals across 8 counties and 2 cities in 
Chuxiong Prefecture (including rural health centers) 
between 2015 and 2020. Second, data were collected 
from 17 hospitals within Chuxiong Prefecture, focusing 
on mushroom species information for patients in both 
outpatient and inpatient settings.

The surveillance data included the number of individu-
als who were poisoned and deaths resulting from mush-
room poisoning. However, the data offered a general and 
coarse estimation of the situation, with regional distribu-
tion characteristics, but lacked detailed mushroom clas-
sification or identification. The hospital data provided a 

more detailed and specific assessment of mushroom poi-
soning incidents, helping to paint a more nuanced pic-
ture of the impact of the NSPTMP.

Statistical analysis
The data were analyzed using SPSS version 20.0. The 
count data are presented as the number of cases or as a 
percentage and were analyzed using the χ2 test. To assess 
the impact of the network, comparisons of the indi-
ces before and after network implementation were per-
formed. The observed difference was deemed statistically 
significant at a p value of less than 0.05.

Results
Establishment of the NSPTMP in Chuxiong Prefecture, 
Yunnan Province
The NSPTMP in Chuxiong Prefecture consists of three 
types of institutions arranged horizontally, namely, 
CDCs, hospitals, and HADs. This horizontal arrange-
ment serves as the foundation of the “combination” 
principle (Fig.  1A). Each of these institutions is verti-
cally arranged into four levels, comprising the prefecture, 
counties/cities, towns, and villages, forming the basis 
of the “connection” principle, particularly for hospitals 
(Fig. 1B).

HADs at the prefecture, city/county, and town levels
At the prefecture, city/county, and town levels, HADs 
play a vital role in the NSPTMP. First, HADs can facili-
tate the development of the NSPTMP and implementa-
tion of associated policies based on their organizational 
structure. Second, HAD authorities are responsible 
for allocating and coordinating hospitals, CDCs, and 
other health resources to address mushroom poisoning 
incidents.

CDCs at the prefecture, city/county, and town levels
CDCs operating at the prefecture, city/county, and town 
levels play a critical role in the NSPTMP. First, CDCs 
are tasked with conducting field epidemiological inves-
tigations, mushroom sampling, preservation, and, in 
certain cases, mushroom toxin detection (if feasible). 
Second, in some regions, the establishment of a poison-
ous mushroom sample library and an online platform for 
mushroom identification has been initiated to aid in the 
identification and classification of poisonous mushrooms.

Poisonous mushroom sample library
The National Institute of Occupational Health and Poi-
son Control (NIOHP) at the Chinese Center for Disease 
Control and Prevention (China CDC) initiated a proj-
ect in 2016 to establish a poisonous mushroom sample 
library in regions with a high prevalence of mushroom 
poisoning, such as Guizhou and Yunnan provinces. The 
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goal of this project was to facilitate the standardized col-
lection of mushroom samples by CDCs at all levels in a 
timely manner. With the successful implementation of 
this initiative, a searchable poisonous mushroom sample 
library was established.

Online poisonous mushroom identification
During the establishment of the national poisonous 
mushroom sample library, an effective online work-
ing system was developed among doctors, CDC staff, 
and mycologists, aided by the emergence of new 

communication tools, particularly the WeChat app. To 
identify poisonous mushrooms, doctors initially collect 
clinical symptoms from mushroom poisoning patients. 
Subsequently, CDC staff collect mushroom samples and 
upload pictures of these samples to the WeChat group 
as soon as possible. Third, mycologists conduct a pre-
liminary online identification of the mushroom samples 
based on the pictures provided, providing feedback to the 
CDC staff or doctors, which is important information for 
further diagnosis and treatment. The NIOHP provides 
final confirmation of the mushroom species by molecular 

Fig. 1  The structure of the NSPTMP. (A) Association among three kinds of institutions in the NSPTMP; (B) Association of four levels of hospitals in the 
NSPTMP
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biological identification of mushroom samples sent by 
local CDCs.

Hospitals at the prefecture, city/county, and town levels
Hospitals at various levels, including village, town, 
county/city, and prefecture levels, exhibit different lev-
els of expertise in recognizing, diagnosing, and treating 
patients affected by mushroom poisoning.

Village-level clinics  : These clinics should have the abil-
ity to make preliminary diagnoses of mushroom poison-
ing and provide simple treatment to patients, with the 
objective of conducting initial patient grading.

Town-level hospitals  : These hospitals should possess 
the capability to accurately categorize patients into high-, 
medium-, and low-risk groups and provide treatment for 
low-risk groups, with the aim of accepting patients with 
mild symptoms.

County-level hospitals  : These hospitals should have 
the capacity to recognize patients at high, medium, and 
low risk and provide appropriate treatment to patients in 
medium- and low-risk groups. Additionally, they should 
be equipped with life support technologies such as respi-
ration and circulation systems, and when feasible, blood 
perfusion, to enable treatment of patients with mild to 
moderate symptoms that are not life threatening.

Emergency department of the prefecture-level hospi-
tal  : This department should have the capability to man-
age patients in all risk categories and provide guidance 
to lower-level hospitals on implementing standardized 
treatment protocols for mushroom poisoning. Addi-
tionally, the department should possess the expertise to 
identify poisonous mushroom species and detect mush-
room toxins. The emergency intensive care unit (EICU) 
of this hospital should be equipped with advanced life 
support technologies, including respiration and circula-
tion systems, artificial liver support, and bedside blood 
purification, to enable effective treatment of patients with 
complex and serious symptoms, as well as to offer guid-
ance to lower-level hospitals in managing such cases.

Implementation, practice, and promotion of the NSPTMP
Below, we present a description of the procedures and 
practical methods of the NSPTMP to enhance residents’ 
prevention awareness, develop doctors’ diagnostic and 
treatment standardization skills, and reinforce communi-
cation and consensus among relevant professionals.

Increasing residents’ awareness of prevention
Given that wild mushrooms are a traditional food in 
Chuxiong Prefecture, it is challenging for residents to 

abandon their habit of consuming them. To reduce the 
likelihood of severe mushroom poisoning, residents are 
advised against ingesting highly toxic mushrooms, such 
as Amanita and Russula subnigricans. If poisoning symp-
toms arise after consuming wild mushrooms, patients are 
recommended to seek medical attention immediately. 
Upon hospital admission, patients are urged to provide 
a detailed history of mushroom ingestion, along with 
photographs and mushroom samples whenever feasible 
to facilitate diagnosis and treatment. To increase public 
awareness, an advertising video on the clinical prevention 
and treatment of mushroom poisoning, a sitcom on the 
classification of diagnosis and treatment of mushroom 
poisoning, and a popular science exhibition on common 
poisonous mushrooms in Yunnan Province were pro-
duced. During the high-incidence season of mushroom 
poisoning, these materials are displayed in public gather-
ing areas.

Outpatient doctors in hospitals: diagnosis
Physicians diagnose patients with suspected mushroom 
poisoning based on the criteria for mushroom poisoning 
patients (as follows):

 	• Patients who provide mushroom pictures or samples, 
which are identified by experts as poisonous 
mushrooms;

 	• Patients whose blood or urine test results show the 
presence of mushroom toxins detected by high-
performance liquid chromatography or enzyme-
linked immunosorbent assay;

 	• Patients with a clear history of poisonous mushroom 
consumption and corresponding typical poisoning 
symptoms;

 	• If the patients or their families are unable to provide 
pictures or samples of the mushrooms, they can 
identify the poisonous mushrooms using standard 
pictures of poisonous mushrooms.

Hospital admission/hospitalization/referral: risk 
classification
In China, mushroom poisoning symptoms include 7 
clinical subtypes: acute liver failure, rhabdomyolysis, 
hemolysis, acute renal failure, gastroenteritis, psycho-
neurological disorder, and photosensitive dermatitis, as 
well as other undetermined clinical types. To achieve the 
objective of a graded diagnosis, hierarchical treatment, 
and timely referral for patients, mushroom poisoning 
is classified into low, medium and high risk levels based 
on the clinical manifestations and mushroom species. 
Accordingly, patients can be treated appropriately or 
transferred to hospitals with better treatment equipment.

 	• Low-risk group: The patients’ vital signs are stable, 
and the incubation period is generally less than 6 h. 
Highly toxic mushroom ingestion has been ruled 
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out. In such cases, possible toxic mushrooms may 
include Boletaceae (with digestive tract symptoms), 
Chlorophyllum, Lactarius, Russula (excluding 
Russula subnigricans), Scleroderma, Cordierites 
frondosus, and other species.

 	• Medium-risk group: The patients’ symptoms include 
transient impaired consciousness, digestive tract 
symptoms leading to an internal environment 
disorder, organ function damage, and abnormal 
liver and kidney function indicators in laboratory 
examinations. Possible toxic mushrooms may include 
Boletaceae (which mainly cause neuropsychiatric 
symptoms), Amanita (which may cause 
neuropsychiatric symptoms or renal damage), and 
Cortinariaceae.

 	• High-risk group: The patients’ symptoms are marked 
by unstable vital signs, impaired consciousness, 
organ dysfunction or failure, and severe internal 
environment disorder. Of mushroom poisoning 
fatalities, 70–90% are caused by acute liver failure 
induced by mushrooms containing amatoxins, 
which are primarily found in three genera: Amanita, 
Galerina, and Lepiota. Russula subnigricans and 
other mushrooms may also cause fatal poisoning.

Highly toxic mushrooms: consensus on diagnosis and 
treatment
The mushrooms that cause the highest fatality rates 
among all poisonous mushrooms are those containing 
amatoxins. In China, the Consensus on the clinical diag-
nosis and treatment of poisoning of mushrooms contain-
ing amanitin [31] was coedited by relevant professional 
committees, the NIOHP in the China CDC, and the Peo-
ple’s Hospital of Chuxiong Prefecture.

Hospitals, CDCs, and HAD authorities: communication and 
training
Communication and training among hospitals, CDCs, 
and HADs are conducted regularly and include:

 	• Preparation and practice of the emergency plan for 
mushroom poisoning.

 	• Development of a training course on the treatment 
of mushroom poisoning in hospitals.

 	• Annually, the People’s Hospital of Chuxiong 
Prefecture provides further education for 5–10 
medical and nursing personnel and offers training on 
rescue techniques for patients in medium- and high-
risk groups for mushroom poisoning. Moreover, 
the hospital trains county-, town-, and village-level 
hospitals on the identification and treatment of 
poisonous mushrooms for mushroom poisoning 
patients through consultations, counterpart 
assistance, and medical union systems.

 	• From 2017 to 2021, the People’s Hospital of 
Chuxiong Prefecture successfully hosted the 
Mushroom Poisoning Clinical Prevention and 
Control Conference annually. The conference 
attracted scholars from various fields related to 
mushroom poisoning and provided online and 
offline training to over 20,000 individuals.

Evaluation of the NSPTMP by data from the Foodborne 
Disease Outbreak Surveillance System
Table  1 presents the number of exposures and deaths 
caused by mushroom poisoning in Chuxiong Prefecture, 
which includes eight counties and two cities. Overall, 
between 2015 and 2020, there were 484 reported cases of 
mushroom poisoning in Chuxiong Prefecture, involving 
6,306 individuals, of whom 20 died. After implementing 
the NSPTMP, although there was no significant change 
in the total number of mushroom poisoning incidents 
(3,174 vs. 3,132), the number of fatalities caused by 
mushroom poisoning substantially decreased (from 18 to 
2). Consequently, the fatality rate decreased significantly 
from 0.57% (before implementation) to 0.06% (after 
implementation) (P < 0.001). Table S1 and Figure S1 in 
the supplementary materials show the specific number of 
mushroom poisoning cases in Chuxiong Prefecture with 
regional information and annual trends.

Evaluation of the NSPTMP by data from 17 key hospitals in 
Chuxiong Prefecture
Between 2015 and 2020, a total of 4,841 patients with 
mushroom poisoning were admitted to the 17 hospitals 
we investigated in Chuxiong Prefecture. Among them, 
57.34% (2,776/4,841) had information recorded regarding 
the identification of the mushroom species involved. This 
section only presents data on patients with documented 
species identification of poisonous mushrooms ingested.

Comparing the total number of outpatient and inpa-
tient cases of mushroom poisoning before (2015–2017) 
and after the implementation of the NSPTMP (2018–
2020), there was a relatively stable number of outpatients 
(1,539 vs. 1,237) and inpatients (172 vs. 164). However, 
the composition ratios of recorded mushroom species 
exhibited a significant change in both outpatient and 
inpatient cases.

Table 1  Number of mushroom poisonings, deaths and fatalities 
caused by mushroom poisoning in Chuxiong Prefecture
Time Number Deaths Fatali-

ties 
(%)

Before implementation (2015–2017) 3174 18 0.57

After implementation (2018–2020) 3132 2 0.06

Total (2015–2020) 6306 20 0.32

      χ2 12.618

      P < 0.001
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Table 2 shows the changes in the composition ratios of 
recorded mushroom species among outpatient and inpa-
tient cases of mushroom poisoning before and after the 
implementation of the NSPTMP. The data indicate that 
after the implementation of the NSPTMP, there was a 
significant decrease in the outpatient composition ratio 
regarding highly toxic Amanita mushroom poisoning 
from 9.36 to 2.91% (P < 0.001), as well as a decrease in 
the outpatient composition ratio for Russula mushrooms 
(probably with highly toxic species) from 15.27 to 8.41% 
(P < 0.001). Similarly, there was a decrease in the inpatient 
composition ratio for Amanita mushroom poisoning 
from 57.23 to 17.68% (P < 0.001).

However, there were also changes in the composition 
ratios of nonlethal mushroom poisonings. The propor-
tion of Scleroderma mushroom poisoning in outpatients 
increased from 5.13 to 13.90% (P < 0.001), and the com-
position ratio of Boletaceae mushroom poisoning in 
inpatients increased from 19.08 to 31.71% (P = 0.008). The 
composition ratio of Scleroderma mushroom poisoning 
inpatients also increased from 2.89 to 18.90% (P < 0.001).

After the implementation of the NSPTMP, there was 
no significant change in the hospitalization rate for highly 
toxic mushroom poisoning (Amanita and Russula), while 
the hospitalization rate for nonlethal mushroom poison-
ing (Boletaceae and Scleroderma) significantly increased. 
Table 3 shows that the hospitalization rate for Boletaceae 
mushroom poisoning increased significantly from 5.65% 
(33/584, before implementation) to 12.71% (52/409, after 
implementation, P < 0.001), and the hospitalization rate 
for Scleroderma mushroom poisoning increased sig-
nificantly from 6.33% (5/79, before implementation) to 
18.02% (31/172, after implementation, P = 0.014).

Discussion
Various types of data resources reflect exposure to poi-
sonous mushrooms, including health surveillance sys-
tems [6, 7, 10], hospital visit records [7, 32], field surveys 
[11], telephone or online consultations [9, 13–15, 33], 
and literature reviews. Data from surveillance systems 
in China show that mushroom poisoning is one of the 
leading causes of death by foodborne poisoning. Over 
the past 20 years, as research and the understanding of 
mushroom poisoning in China have improved, it gradu-
ally became apparent that integrating the efforts of the 
CDC, hospitals, and HADs at various levels is a necessary 
step in reducing the harm of mushroom poisoning. In 
2018, the NSPTMP was established in Chuxiong Prefec-
ture, Yunnan Province, a representative high-risk area for 
mushroom poisoning in China, based on the principles 
of “combination and connection”. In this paper, we pro-
vided a comprehensive introduction to the NSPTMP and 
evaluated its effectiveness before and after its implemen-
tation. The evaluation showed that the implementation of Ta
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the NSPTMP was effective in reducing the harm caused 
by mushroom poisoning, as evidenced by the following: 
(1) The total number of mushroom poisoning cases was 
almost stable before and after its implementation (3174 
vs. 3132), but the number of mushroom poisoning deaths 
decreased from 18 to 2, with a significant decrease in 
the fatality rate (0.57% vs. 0.06%, P < 0.001). (2) After the 
implementation of the NSPTMP, the composition ratio 
for lethal mushrooms decreased significantly for outpa-
tients (Amanita and Russula) and inpatients (Amanita), 
suggesting that residents reduced the consumption of 
mushrooms that can cause serious illness. (3) After the 
implementation of the NSPTMP, the composition ratios 
of mushrooms that caused minor symptoms signifi-
cantly increased for both outpatients (Scleroderma) and 
inpatients (Boletaceae and Scleroderma), indicating that 
with the decrease in highly toxic mushroom poisoning, 
mushrooms that caused mild symptoms received more 
attention.

The effectiveness of the NSPTMP is based on the 
development and standardization of the following three 
aspects: identification of poisonous mushrooms, hierar-
chical treatment in hospitals, and public education and 
professional training.

Identifying mushroom species is crucial for clini-
cal diagnosis and hierarchical management. In China, 
research on the identification of poisonous mushrooms 
began relatively late compared to Europe and the United 
States. However, over the past two decades, Chinese 
scholars have conducted systematic research on poison-
ous mushrooms, and more than 520 species of poison-
ous mushrooms have been reported. The toxins of highly 
toxic poisonous mushrooms in China differ substan-
tially from those of mushrooms in other countries. For 
example, the amatoxin levels in Amanita exitialis, unique 
to China, are 2–5 times higher than those in Amanita 
verna, a species common in Europe [34, 35]. The poison-
ous mushroom identification rate in China has gradually 
increased, with 57% (2776/4841) of the mushroom poi-
soning cases received by 17 hospitals in Chuxiong Pre-
fecture undergoing mushroom species determination 
from 2015 to 2020, compared to only 0.93% of mushroom 
poisoning events with mushroom specimen collection 
and identification from 2010 to 2014, as reported in the 
surveillance system [12]. However, the literature shows 
that the correct identification rate of mushroom spe-
cies in mushroom poisoning events is quite low, ranging 
from 5 to 27% [2, 7, 36–39]. To improve identification 
accuracy, the basis for mushroom species determination 
has evolved from identification by pictures to standard-
ized collection and preservation of mushroom samples 
and morphological and molecular biological identifica-
tion. Additionally, research on mushroom taxonomy has 
promoted the detection of mushroom toxins and toxicity 
research of whole mushrooms or their toxins, which are 
of great value for toxin determination in clinical biologi-
cal samples, poisoning mechanism research, and thera-
peutic drug development.

Hierarchical treatment in hospitals is an essential com-
ponent of the NSPTMP. Although mushroom poisoning 
is a major public health issue, most cases are mild, and 
only a small proportion are severe and require hospital-
ization [10, 32]. In Chuxiong Prefecture, between 2015 
and 2020, of the 2776 outpatient cases of mushroom 
poisoning in 17 hospitals, the majority were poisoned by 
nonlethal mushrooms, such as Boletaceae, Scleroderma, 
and Lactarius, with Boletaceae being the most common 
(993 cases/2776 cases, 35.77%). Therefore, correct identi-
fication of mushrooms is crucial for appropriate hospital 
surveillance and management [7, 36–38]. To address this, 
the NSPTMP adjusts medical resources based on diagno-
sis by grade and hierarchical treatment, resulting in more 
high-risk group patients being admitted by the People’s 

Table 3  The hospitalization rates for different poisonous 
mushroom species

Hospitalization rate
Mushrooms with highly toxic genera
Amanita

Before 68.75%(99/144)

After 80.56%(29/36)

χ2 1.954

P 0.162

Russula

Before 3.83%(9/235)

After 3.85%(4/104)

χ2 0

P 1

Nonlethal mushrooms
Boletaceae

Before 5.65%(33/584)

After 12.71%(52/409)

χ2

P
15.332
< 0.001

Scleroderma

Before 6.33%(5/79)

After 18.02%(31/172)

χ2 6.026

P 0.014

Cordierites frondosus

Before 52.63%(10/19)

After 25%(6/24)

χ2 3.465

P 0.063

Lactarius

Before 2.41%(2/82)

After 6.25%(4/64)

χ2 1.361

P 0.243
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Hospital of Chuxiong Prefecture (Table S1). In 2021, the 
Yunnan Provincial Health Commission Office adopted 
the strategy of diagnosis by grade and hierarchical treat-
ment” for the diagnosis and treatment of mushroom poi-
soning patients.

The NSPTMP also emphasizes public education and 
professional training. Regarding public education, some 
studies have shown that residents’ misrecognition of 
edible mushroom species is the most common cause 
of poisoning, which can be prevented through science 
popularization and public education [10]. As the con-
sumption of delicious wild mushrooms is a way of life 
in Yunnan, it is impossible to persuade residents not to 
eat wild mushrooms at all. The NSPTMP focuses on the 
popular science work regarding highly toxic mushrooms 
by warning against the consumption of Amanita and 
Russula, which might be associated with the decrease 
in lethal mushroom consumption reflected by hospi-
tal outpatient records. Second, for professional train-
ing, the NSPTMP organizes regular training for medical 
staff, including the identification of mushroom species, 
clinical diagnosis, and treatment of mushroom poison-
ing. In addition, the program also provides training for 
village doctors, who are usually the first responders to 
mushroom poisoning cases in rural areas. Through train-
ing and education, medical staff and village doctors can 
improve their knowledge and skills in the diagnosis and 
treatment of mushroom poisoning, which can ultimately 
improve the quality of care for patients and reduce the 
fatality rate of mushroom poisoning cases. The NSPTMP 
also collaborates with local communities and stakehold-
ers to raise awareness of the risks associated with wild 
mushroom consumption, promoting safe and responsi-
ble mushroom foraging practices to prevent mushroom 
poisoning.

However, there were still some limitations in our study. 
First, there was still a certain proportion of mushrooms 
listed as “unknown” mushroom species in the analysis 
of the mushroom species composition for outpatients 
(800/2776, 28.82%) and inpatients (44/336, 13.10%). It 
is necessary to analyze the causes of these “unknown” 
mushroom classifications in the future and identify more 
new species if possible. Second, we used only three years 
before and after the implementation of the NSPTMP to 
evaluate the NSPTMP, and more data need to be accu-
mulated in the future to support the effectiveness of the 
NSPTMP.

Importantly, although mushroom poisoning may have 
regional characteristics, it is still a global public health 
issue. Some countries may lack reliable mushroom poi-
soning reporting systems and related death registries, 
and the risk of mushroom poisoning may be consider-
ably underestimated. Studies have shown that in addi-
tion to China, other countries, such as Russia, Ukraine, 

Belarus, Poland, Turkey, Iran, Nepal, and Mexico, have 
high fatality rates from mushroom poisoning [1]. The 
establishment and evaluation of the NSPTMP in Chux-
iong Prefecture can provide valuable insights and serve 
as a model for other regions facing similar challenges in 
managing mushroom poisoning.

Conclusions
In this paper, a network system for the prevention and 
treatment of mushroom poisoning was established in a 
high-risk area for mushroom poisoning, Chuxiong. The 
evaluation of the NSPTMP suggested that the network 
can effectively reduce the harm caused by mushroom 
poisoning. Overall, the successful implementation of the 
NSPTMP in Chuxiong Prefecture highlights the impor-
tance of a comprehensive and coordinated approach to 
public health issues. By adopting the principles of “com-
bination and connection” and the three core foundations 
of the NSPTMP (identification of poisonous mushrooms, 
hierarchical treatment in hospitals, and public educa-
tion and professional training), other regions can develop 
effective strategies for the prevention and control of 
mushroom poisoning. However, it is crucial to adapt 
these strategies to the local context, accounting for dif-
ferences in the types of poisonous mushrooms, the avail-
ability of medical resources, and the cultural practices 
related to mushroom consumption.
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