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Abstract

Background: Mushroom poisoning is a global problem and can be a source of major mortality and morbidity. Children can easily
be exposed to inadvertent mushroom ingestion.

Objectives: The aim of this study was to assess the demographic, clinical, and laboratory features of pediatric patients with mush-
room poisoning.

Methods: This was a retrospective and observational study of reported cases of exposure to mushroom poisoning at the Department
of Pediatrics at West China Second University Hospital of Sichuan University and Wan Yuan Central Hospital between June 2011 and
July 2016. The patients’ demographic, clinical, and laboratory features were evaluated.

Results: Fifty-eight patients aged between 1.22 and 16.71 years old were studied; 24 patients were female (41%) and 34 were male (59%).
Thirty-seven (63.79%) patients had consumed mushrooms in the summer. The most frequent complaints were nausea and vomiting
(98.28%). The onset of mushroom toxicity symptoms was divided to early-onset (< 6 hours after ingestion) and late-onset groups
(6 to 24 hours). The incidence of life-threatening cases was higher in the late-onset group than that of the early-onset group (88.9%
versus 12.2%, P < 0.0001). Three patients with mushroom poisoning died due to fatal hepatic failure, and one patient died due to
cardiac arrest (myocardial toxicity). The value of White Blood cell Count (WBC), total bilirubin, and number of involved organs were
significantly higher in the group who died than that of the survived group (14.9 x 10° versus 1.8 x 10°, P = 0.002; 125 versus 8.5, P=
0.0001; 4.5 versus 1, P < 0.0001, respectively). The level of hemoglobin was lower in the group who died than those who survived (111
versus 132, P=0.001).

Conclusions: Parents and children must be taught to avoid eating unknown mushrooms. Life-threatening poisoning cases are
often encountered in patients with late-onset mushroom toxicity symptoms. When children present nausea and vomiting during
the rainy season, doctors should maintain keen vigilance towards mushroom poisoning. Acute liver failure is the main cause of
death, yet myocardial toxicity should also be considered.
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1. Background

Mushroom poisoning is a global problem and can be a
source of major mortalityand morbidity. There are approx-
imately 5000 species of mushrooms, worldwide (1). It has
been estimated that there are 400 species considered as
toxic to humans in China (2). Picking wild mushrooms for
human consumption has been along-standing tradition in
southern China, including in Sichuan province. However,
itissomewhatdifficult to discriminate between poisonous
and non-poisonous mushrooms. During the seven-year pe-
riod from 1994 to 2011 in China, statistical data showed
11418 cases of mushroom poisoning exposure with a mor-
tality rate of 12.39% (3). The symptoms and signs depend
on mushroom toxins and range from mild gastroenteri-
tis to organ failure, especially fatal liver failure. While gas-

troenteritis is generally transient, liver failure may be ir-
reversible and even lethal without liver transplantation.
Amanita phalloides (death cap) is one of the most famous
poisonous mushrooms, leading to the majority of lethal
cases of human mushroom poisoning, worldwide (4, 5).
In adults, symptoms are commonly first noticed in the
gastrointestinal system (6-9). According to Diaz’s opin-
ion (10), mushroom poisoning is classified based on the
time of presentation and the damage to the target organs
as early-onset (< 6 hours), late-onset (6 to 24 hours), and
delayed-onset (> 24 hours) toxic syndromes. Early-onset
toxicities usually include neurotoxic, gastrointestinal, and
allergic syndromes. Late-onset toxicities include hepato-
toxic and nephrotoxic syndromes, and delayed-onset toxi-
cities include delayed nephrotoxic and delayed neurotoxic
syndromes. In adults, early-onset toxicities are most fre-
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quently encountered (6, 8). Children are special and can
easily suffer from inadvertent mushroom ingestion. They
can easily find mushrooms in nature or within their home
and eat them uncooked (11). However, data solely concern-
ing children as a group are limited.

2. Objectives

The aim of this study was to describe the demographic,
clinical, and laboratory features of pediatric patients with
mushroom poisoning and to analyze the relationships be-
tween clinical factors and mushroom poisoning progno-
sis.

3. Methods

This study was retrospectively designed by reviewing
the files of pediatric patients with mushroom poisoning,
who were admitted to the Pediatric Departments at West
China Second University Hospital of Sichuan University
(WCSUH-SCU) and Wan Yuan Central Hospital (WYCH) be-
tween June 2011 and July 2016. WCSUH-SCU, is a grade-A
tertiary hospital and is a medical center for women and
children in southwestern China, Chengdu city, Sichuan
province. WYCH is a grade-A secondary hospital in Wan
Yuan City, Sichuan province. The inclusion criteria were as
follows: (1) A clear history of MP poisoning, and (2) age of <
18 years old. Information on patient demographic details,
clinical presentation, onset time for symptoms, season and
location, laboratory findings, treatments and clinical out-
comes were obtained. The mushroom toxins could not be
analyzed. Ethical approval was obtained from the Ethics
Committee of the West China Second University Hospital.

All data were analyzed with SPSS 20.0 software (SPSS,
Inc., Chicago, IL, USA). Data are presented as mean, median
or percentage. Parametric data were analyzed by Student’s
t test. Nonparametric data were analyzed by the Mann-
Whitney U test. Categorical data were compared using the
Pearson chi-square test or Fisher’s exact method. The sig-
nificance level was 0.05, and all statistical tests were two-
tailed.

4. Results

The study included a total of 58 patients within a pe-
riod of five years. Of these patients, 21 were admitted to
WCSUH-SCU and 37 were admitted to WYCH. The median
age was 8.92 (range, 1.22 to 16.71) years; 24 patients (41%)
were female and 34 (59%) were male. It was established
that 37(63.79%) patients had consumed mushrooms in the

summer and 21 (36.21%) in the autumn (Figure 1). Mush-
rooms were intentionally consumed as delicacies in all 58
patients. Only two patients (3.4%) came from the urban
area of Chengdu city, whereas 56 patients (96.6%) came
from the rural area of Sichuan province. Of the 58 patients,
28 received treatment at the nearest hospital before be-
ing transferred to WCSUH-SCU or WYCH. The treatments
included gastric lavage, administration of activated char-
coal, and supportive treatment (Figure 2). The amount
of toxic mushroom ingestion could not be accurately de-
scribed in most patients. Only a one-year-old child had
toxic symptoms after two tablespoons (about 4 mL) of
mushroom ingestion.

The symptoms appeared within the first six hours of in-
gestion (early-onset group) in 48 (82.8%) patients and be-
tween six to 24 hours (late-onset group) in nine (17.2%) pa-
tients. Generally, the pediatric patients presented com-
plaints of nausea/vomiting (98.28%) and abdominal pain
(55.18%). The other symptoms and signs included dizziness
or lethargy (10.34%), delirium (6.90%), headache (5.17%),
seizures (6.90%), blurred vision (1.72%), coma (8.62%), jaun-
dice (8.62%), hypouria (3.45%), and fever (3.45%) (Table 1).
Of these patients, 44 (75.9%) had gastrointestinal symp-
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Figure 1. The distribution of mushroom poisoning cases in different months
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Figure 2. The therapy protocol of mushroom poisoning
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toms and mild abnormal liver function (mild level) and
14 (24.1%) had symptoms and signs of abnormal central
nervous system function, cardiovascular symptoms, and
severe liver dysfunction (life-threatening). More patients
had potentially life-threatening mushroom poisoning in
the late-onset group compared to those in the early-onset
group (88.9% versus 12.2%, P < 0.0001) (Table 2).
Laboratory abnormalities included increased WBC
(55.2%), thrombocytopenia (10.3%), anemia (8.6%), pro-
thrombin time (PT) (15.5%), activated partial thromboplas-
tin time (APTT) (10.3%), alanine aminotransferase (ALT)
(24.2%), aspartate aminotransferase (AST) (46.6%), total
bilirubin (19%), creatinine (18.9%), and hyponatremia (8.6%)
(Table 3). Of the patients, 11 (19%) accepted at least one
method of hemoperfusion, plasma exchange or hemop-
urification treatment during the observation and treat-
ment period. Patients with mild symptoms recovered
with symptomatic treatments and short hospital care du-
rations. In the life-threatening group, four (6.9%) patients
died during their hospital stay. Three patients suffering

Table 1. First Ssymptoms of Mushroom Poisoning

Presenting Symptom/Sign No. (%)
Gastrointestinal symptoms 57(98.28)
Nausea/vomiting 57(98.28)
Abdominal pain 32(55.17)
Diarrhea 19 (32.76)
Neurological symptoms 12(20.69)
Dizziness or lethargy 6(10.34)
Delirium 4(6.90)
Headache 3(5.17)
Seizures 4(6.90)
Blurred vision 1(1.72)
Coma 5(8.62)
Other symptoms and signs 9 (15.52)
Jaundice 5(8.62)
Hypouria 2(3.45)
Fever 2(3.45)
Table 2. Symptom Onset Time and Severity Levels
Symptom Onset Time
Severity Levels PValue
Early-Onset Late-Onset
Group? Group”
Mmild 43(87.8%) 1(11.1%) < 0.0001
Severe 6 (12.2%) 8(88.9%)

? Symptom onset < 6 hours after mushroom ingestion.
b Symptom onset >6 hours and < 24 hours after mushroom ingestion.
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from mushroom poisoning died due to fatal hepatic fail-
ure despite receiving plasma exchange or hemopurifica-
tion treatment, and one patient died from severe myocar-
dial damage (leading to cardiac arrest) on hospital day two
(CK:10489 U|L; CK-MB: 633.4 U/L; myoglobin: 983.7 U/L; tro-
ponin I: 1.04 UJL; K* 4.09 mmol/L) (Table 4). Statistically
significant differences existed were found in the values of
WBC, Hb, total bilirubin, and the number of involved or-
gans between the group who died and those who survived
(14.9 versus11.8,P=0.002; 111 versus 132, P=0.001; 125 versus
8.5,P=0.0001, 4.5 versus 1, P < 0.0001, respectively) (Table
5).

5. Discussion

Mushroom poisoning is an important global public
health problem. There are approximately 5000 species of
mushrooms, worldwide (1). Approximately 4000 species
of mushrooms have been classified in China, and approxi-
mately 400 species are considered poisonous (2). It is very
popular to consume wild mushrooms in many rainy ar-
eas due to their nutritional benefits and delicious taste.
However, non-poisonous and poisonous mushrooms may
be frequently mistaken for one another, leading to mush-
room poisoning incidents. According to reports from the

Table 3. Laboratory Data

Variables No. (%)
Elevated WBC, (> 10 X 10°]L) 32(55.2)
Thrombocytopenia, (< 100 X 10°U/L) 6(10.3)
Anemia (6 m-6y,< 110 g/L;> 6y, < 120 g/L) 5(8.6)
PT (s), (> 14.5) 9(15.5)
APTT (s) (> 40.4) 6(103)
ALT (U/L)

50-100 3(5.2)

100-500 3(5.2)

> 500 8(13.8)
AST (UJL) 15(25.9)

40-100

100-400 4(6.9)

> 400 8(13.8)
Total bilirubin, ;zmol/L (> 22) 11(19)
Creatinine, ;zmol/L 9(15.5)

54.6-109.2

>109.2 2(3.4)
Hyponatremia, mmol/L (< 130) 5(8.6)
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Table 4. Laboratory Parameters of Deceased Patients

No. Gender Age ALT, U[L AST, U[L TB, zmol/L Cr, pmol/L WBC, > 10 X Hb, g/L
10°L

1 >M 8y7m > 1000 > 750 123.8 40 8.9 135

2 >M By6m > 1000 > 750 3355 46 5.2 88

3 >M 12y > 1000 > 750 127 52 213 140

4* >M 5y 5.4 31 521 62 23.8 82

* CK:10489 UJL, CK-MB: 633.4 U[L, myoglobin: 983.7 U[L, troponin I:1.04 U/L, K" : 4.09 mmol/L. He died due to cardiac arrest on hospital day 2.

Table 5. Differences Between the Death Group and Survival Group

Prognosis
Survival (n=54) Death (n=4) PValue
Age (mean —+ SD) 9138 8.813.6 0.509
Gender 0.109
Male, No. (%) 30(55.6) (100)
Female, No. (%) 24 (44.4) 0(0)
Season 0.540
Summer, No. (%) 34(63) 3(75)
Autumn, No. (%) 20(37) 1(25)
Involved organs (n), median (min - max) 1(1-3) 4.5(3-5) < 0.0001
Laboratory parameters
WBC (> 10 X 10°/L) 1.8+43 14.+9.1 0.002
Hb, g/L 132114 11+ 30 0.001
Total bilirubin, ;zmol/L (median) 8.5 125 0.001
Cr, umol/L (median) 44 49 0303

USA, there are approximately five wild mushroom expo-
sures for every 100000 people, annually (12). In China, data
from the national food poisoning report of the Chinese
Centers for Disease Control and Prevention (CDC) showed
that 1954 mushroom poisoning cases were reported with
a total of 409 deaths from 2004 to 2007. Mushroom poi-
soning was the main cause of death, and mortality was
20.93% (13). The mortality rate varied from 10% to 90% in
adults (5, 14-19). In the current report, the motality rate
was 6.9% (4/58) in children. In this study, patients, who
had severe clinical manifestations, were treated with gas-
tric lavage and administered activated charcoal in addi-
tion to antibiotics (Penicillin G) and blood purification
treatment. Blood purification treatment may be an effec-
tive treatment for reducing mortality in suspected mush-
room poisoning patients (6). In the group who died, the
levels of WBC, total bilirubin, and number of involved or-
gans were higher than those in the group who survived, yet
the level of Hb was lower than that in the survived group.
The ALT and AST levels, and total bilirubin seem to be an in-

dex of prognosis in children. The laboratory results of Ce-
vik and Unluoglu (20) indicated that blood urea nitrogen,
creatinine, ALT and AST were higher in lethal and compli-
cated cases. A number of articles (7, 21, 22) have described
factors associated with a greater possibility of death, in-
cluding low sodium and high urea, AST, ALT, total bilirubin,
PT, APTT, international normalized ratio, and lactate dehy-
drogenase.

In the current study, 63.79% of the patients consumed
mushrooms in the summer. The results were consistent
with previous studies (6, 7, 15). In Sichuan province, the
rainy season begins in the summer, which is when mush-
rooms are more frequently collected. Noting the high inci-
dence of mushroom poisoning during summer may help
doctors make an earlier diagnosis and take prompt ac-
tion. In children, the first-noticed complaints of mush-
room poisoning are gastrointestinal symptoms, which can
be mistakenly diagnosed as common bacterial diarrhea. In
the current study, all mushroom poisonings were due to
the consumption of wild mushrooms. The pediatric pa-
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tients frequently presented symptoms of nausea, vomit-
ing,and abdominal pain. The other uncommon symptoms
and signsincluded dizziness, delirium, headache, seizures,
blurred vision, coma, jaundice, hypouresis and fever. Eren-
ler et al. (11) and Eren et al. (7) reported similar results.
These symptoms may help recognize MP early.

In the current study, there were 49 (84.5%) patients in
the early-onset group and nine (15.5%) patients in the late-
onset group. Moreover, the incidence of life-threatening
exposure was higher in the late-onset group than that
of the early-onset group. Colak et al. (6) reported simi-
lar outcomes in adults. Life-threatening cases with late-
onset syndrome poisoning are occasionally seen in Hong
Kong district (8). Late-onset syndrome includes hepato-
toxic, nephrotoxic, and erythromelalgia syndromes (10).
The current study showed that three children suffering
from mushroom poisoning died due to fatal hepatic fail-
ure. Amatoxin poisoning was suspected. Liver transplan-
tation could be an optional treatment.

Notably, one patient died due to cardiac arrest. It could
be assumed that he suffered myocardial toxicity. Because
he died on hospital day two, the results of his liver function
and renal function were almost normal. His K* level was
4.09 mmol/L. However, his values of cardiac markers were
extremely high with a history of mushroom poisoning. Re-
portedly, he did not have a history of cardiovascular dis-
ease. Ren et al. (23) suggested that mushroom poisoning
symptoms should be classified to five types, gastroenteri-
tis, acute renal failure, acute liver failure, psychoneurolog-
ical disorders and hemolysis, based on the analysis of 3638
patients with mushroom poisoning from 1980 to 2002 in
China. Chen (15) reviewed 102 cases of mushroom poison-
ing from 1994 to 2012, and seven mushroom poisoning
symptoms were suggested for clinical diagnosis and treat-
ment: Gastroenteritis, acute liver failure, acute renal fail-
ure, psychoneurological disorder, hemolysis, photosensi-
tive dermatitis and rhabdomyolysis. Based on the current
study, it could be suggested that acute myocardial toxicity
syndrome should be added to the list of mushroom poi-
soning symptoms. The researchers considered this kind of
classification method to be appropriate. The identification
of mushroom species can be very difficult in China. In the
other countries, such as in the USA, the species identifica-
tion rate was less than 6% (24).

Myocardial toxicity from poisonous mushrooms can
cause cardiac arrest and directly lead to death. Clinicians
should pay attention to this circumstance. Additionally, in
the study by Erenler et al. (11), the most common Electro-
cardiogram (ECG) abnormalities were sinus tachycardia,
sinus arrhythmia, and ST/T inversion in a group of 175 pa-
tients diagnosed with mushroom poisoning. However, car-
diac makers were normal. In the current report, the values
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of cardiac makers in this patient were extremely high, yet
his liver function was normal (Table 4). It is unfortunate
that the poisonous species consumed in this case could
not be confirmed. Finally, there is a limited number of re-
ports on cardiac toxicity, and more scientific observations
are needed concerning toxicity of the heart due to mush-
room poisoning.

5.1. Limitation of This Study

First, the toxin levels and mushroom species were not
identified. Second, it is difficult to do the follow up vis-
its for those who survived because most of these children
came from rural areas of Sichuan province. Third, it was a
retrospective study and only included small number of pa-
tients with late-onset symptoms.

5.2. Conclusions

Mushroom species are diverse, and various clinical
manifestations occur based on mushroom species. Clini-
cians should take action towards early diagnosis and treat-
ment. Children are at a high risk of exposure to wild
and uncooked mushroom poisoning. Parents and chil-
dren should be taught to avoid eating unknown, uncooked
mushrooms from nature. Life-threatening poisoning cases
are often encountered in patients with late-onset mush-
room toxicity symptoms. Acute liver failure is the main
cause of death, but doctors should not ignore myocardial
toxicity.
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