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District People’s Hospital of Shenzhen), Shenzhen, China; bDepartment of Health Management, The Second Affiliated Hospital of the
Chinese University of Hong Kong (Shenzhen) (Longgang District People’s Hospital of Shenzhen), Shenzhen, China

ABSTRACT
Background: The mushroom Amanita exitialis is reported to cause acute liver injury. It is found in
Southern China, and has been previously associated with a high incidence of mortality.
Methods: We described a series of 10 patients with Amanita exitialis poisoning admitted to The Second
Affiliated Hospital of the Chinese University of Hong Kong (Shenzhen) in April 2022. Patient demograph-
ics, clinical features, laboratory results, therapeutic interventions, and outcome data were collected.
Results: Among the 10 patients, 9 survived, while 1 died. Gastrointestinal symptoms were the first to
appear (average latency period, 11±4.2 h). Diarrhea was the most common clinical symptom (average
duration, 4.4 days). Abdominal distention was an important sign, especially in severely-ill patients.
Thrombocytopenia occurred on day 2 after mushroom ingestion and persisted for 3–4days. Alanine
aminotransferase and total bilirubin peaked on days 2–3.
Conclusion: Amanita exitialis poisoning is characterized by gastrointestinal symptoms and liver injury. In
the patient who died, acute hepatic failure led to hepatic encephalopathy and cerebral edema. Abdominal
distension accompanied by thrombocytopenia was common in critically ill patients in this outbreak.
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Introduction

The genus Amanita contains approximately 600 known species
of agarics worldwide [1]; among these, 37 cyclopeptide-contain-
ing Amanita species [2] are responsible for >90% of all mush-
room poisoning-related fatalities [3]. In southern China, a recent
report on mushroom poisoning included 852 patients over an
18-year period and reported with a mortality rate of 21.5%. Of
those who died 70.5% were caused by species in the genus
Amanita [4]. Notably, the mushroom Amanita exitialis (A. exitialis)
had a mortality of 60.6% in this series. There is a greater inci-
dence of poisonings with this mushroom in rainy seasons, spe-
cifically March and April [5–7].

Amatoxins have a stable physical structure; they are heat-,
acid-, and alkali-resistant, and water-soluble [8]. The lethal
dose of a-Amanitin is 0.1mg/kg for adults [9]. The genus
Amanita exhibits gene polymorphism and degeneracy due to
the need for environmental adaptation [10]. Therefore, the
clinical manifestations may vary in different regions. Classic
clinical characteristics and course include a “latency phase,” a
“gastroenteritis phase,” a “quiescent phase,” and an “organ
impairment phase”. The liver is the most commonly affected,
and fulminant hepatic failure is the most common cause of
death [11].

In this case series, the clinical presentation of an outbreak
with A. exitialis poisoning differed from the aforementioned
classic course.

Herein we analyzed the clinical and laboratory features of
patients with A. exitialis poisoning, to further the clinicians’
knowledge of the characteristics and subsequent treatment
of A. exitialis poisoning.

Methods

Study population

In April 2022 a cluster of 10 patients who all consumed A. exi-
tialis presented to the intensive care unit (ICU) of The Second
Affiliated Hospital of the Chinese University of Hong Kong
(Shenzhen). We reviewed their medical records and abstracted
their clinical symptoms, laboratory results, and clinical course.

Diagnosis

The diagnosis of A. exitialis poisoning was based on the
region’s epidemiological history, the patient’s history of
mushroom ingestion, their clinical manifestations, and the
morphological identification of ingested mushrooms per-
formed by at least two expert toxicologists. Mushroom
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samples were collected from the incident location and con-
firmed by the patients (Figure 1).

Assessment of poisoning severity

The severity of the poisoning was classified according to the
Poisoning Severity Score (PSS) established by International
Programme on Chemical Safety/European Community/
European Association of Poisons Centres and Clinical
Toxicologist (IPCS/EC/EAPCCT) [12] as follows: None (0), no
symptoms or signs related to poisoning; Minor (1), mild, tran-
sient, and spontaneously resolving symptoms; Moderate (2),
pronounced or prolonged symptoms; Severe (3), severe or
life-threatening symptoms; and Fatal (4), death.

Treatment

All patients were managed with a bundle of treatments,
which included the followings: (i) resuscitation fluids; (ii)
oral administration of activated charcoal 5 g, 6 times per
day for the first 3 days; (iii) non-specific antidotes (intra-
venous acetylcysteine at an initial dose of 130mg/kg given
over 60min, followed additional dose of 60mg/kg given
over 4 h, and then by 120mg/kg given over 16 h, and
ultimately followed by 60mg/kg given twice daily for
5–7 day; intravenous penicillin G 300,000 IU/kg/day for
5 days; oral silymarin 1400mg thrice daily for 5–7 days,
because intravenous silymarin is unavailable in China).

Meanwhile, the following therapeutic options were used
based on the patients’ conditions. Hemoperfusion was per-
formed once for one patient and twice for eight. Plasma
exchange was performed twice for one patient and thrice for
four. Three patients received a single treatment of hemodi-
alysis on the first hospital day, and an additional patient had

two treatments on days 1 and 2. The most seriously ill
patient (patient 10) received daily hemodialysis for ten hos-
pital days, and a double plasma molecular adsorption system
treatment for 6 days, in addition to three platelet transfu-
sions. Besides patient 10, one other patient (patient 9)
required mechanical ventilation.

Results

The patients’ demographic and outcome information

Table 1 summarizes demographic characteristics and clinical
outcomes. All patients concurrently presented to the emer-
gency department of the hospital because of severe diarrhea,
nausea, and vomiting (which generally occurred 2–15 h after
mushroom ingestion). Their average age was 50 years, and
their mean latency period was 11 ± 4.2 h. The median Acute
Physiology and Chronic Health Evaluation II (APACHE II) score

Figure 1. Mushroom samples. Mushroom samples were collected from the incident location, these were subsequently confirmed by the poisoned patients.

Table 1. Patients’ demographic characteristics and outcome.

Patient 1 2 3 4 5 6 7 8 9 10

PSS# 1 2 2 2 2 2 2 2 3 4
Gender M F M F M F M F M M
Age (y) 48 47 47 49 52 49 47 50 57 51
Latency (h) 2 12 13 7 13 13 15 13 7 15
ICU-LOS (d) 5 5 5 9 5 9 5 9 7 19
H-LOS (d) 9 10 9 11 10 15 9 11 12 19
APACHE II

�
6 6 4 5 4 5 5 5 19 7

SOFA
�

1 0 1 1 2 0 0 1 7 3
Outcome Recovered Death
#The grading adopts the Poisoning Severity Score (PSS) system determined by
IPCS/EC/EAPCCT.�
APACHE II and SOFA score evaluated at 24 h after admission.
M: Male; F: Female; y: years; h: hours; d: days; ICU-LOS: ICU length of stay;
H-LOS: hospital length of stay; APACHE II: acute physiology and chronic health
evaluation-II; SOFA: sequential organ failure assessment.
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was 5 (at 24 h post-admission). The mean length of hospital
stay was 12 days; mean length of stay in the ICU was 8 days.
One patient died of fulminant hepatic failure.

Clinical characteristics

Diarrhea was severe and persistent, with an average duration
of 4.4 days (range, 1–9 days). All patients in the outbreak had
watery stools that resulted in fluid and electro-
lyte imbalances.

Abdominal pain occurred in four patients. Abdominal disten-
sion occurred in 5 patients and lasted an average of 3.8 days
(range 2–7). Imaging from two patients are shown in Figure 2.
The treatment for these two patients included decompressive
suction via colonoscopy. The incidence of jaundice was 40%, at
the peak incidence of the disease, while its duration was short-
lived (average, 2.75days) except in Patient 10.

Fever occurred only in Patient 10 during the early stage,
with a peak of 38 �C and a short duration (1 day). No signifi-
cant abnormality in inflammatory markers were identified
before or after the fever.

Patient 10 was treated with the medical supportive care
and antidotes as described in the methods section from hos-
pital day 1 through hospital day 5. Abdominal distention
gradually improved after endoscopic suction for colonic

decompression on hospital day 5. He had progressive hep-
atic failure and received daily hemodialysis after hospital day
4, and a double plasma molecular adsorption system treat-
ment on hospital day 5 and daily for 6 days, in addition to
three platelet transfusions. The patient became comatose on
hospital day 3. His bilirubin increased while transaminase
and platelet decreased. Over the next 15 days the patient
developed liver failure accompanied by hepatic encephalop-
athy and multiple organ dysfunction syndrome. He died on
hospital day 20 secondary to cerebral edema with herniation,
despite aggressive supportive therapy.

Laboratory results

Four patients had electrolyte disorders. The trough value of
serum potassium was 2.8 mEq/L (patient 8, Day 2), serum
calcium was 1.7mmol/L (patient 3, Day 1; patient 9, Day 4),
serum magnesium was 0.53mmol/L (patient 4, Day 1), and
serum phosphorus was 0.36mmol/L (patient 9, Day 3).

Table 2 illustrates the laboratory abnormalities in this case
series. The aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) were abnormal of initial tests and had
higher peak value in patient 9 and 10. The average time to
reach peak values for all patients was 55.3 h (42–90 h) and

Figure 2. Represented radiographic images of abdomen. The first row of images shows patient 9, the second row shows patient 10. The images illustrate hepatic
portal venous gas (red arrow) and dilated bowel (blue arrow).
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61 h (42–100 h) for AST and ALT, respectively. The total biliru-
bin (TBIL) concentration showed a similar trend.

The exception of the deceased patient (Patient 10), the
prothrombin activity (PTA), activated partial thromboplastin
time (aPTT) in the surviving patients gradually returned to
normal range on hospital day 4 (PTA: 70.5%; aPTT: 41.6 s).
The peak state of D-dimer in Patient 10 was maintained from
hospital day 5 to day 20.

The platelet count was normal on admission in all
patients, but decreased in the patients with a PSS > 2 and
liver injury (Patients 4, 6, 7, 9, and 10) on hospital days 2,
and gradually recovery on hospital days 6–7. The decline
lymphocytes count showed a similar trend to that of the
platelet count.

C-reactive protein (CRP) and serum amyloid-A (SAA) grad-
ually increased on day 2 (Figure 3) while procalcitonin fluctu-
ated in the normal range.

The ammonia elevation in the surviving patients persisted
for approximately 7 days (during hospital days 2–8), with the
highest peak value of 149 lmol/L in patient 9, who like the
fatal patient, also developed an ileus. Blood ammonia con-
centrations fluctuated in the first 3 days of illness.

Discussion

In China, ingestion of mushrooms of the genus Amanita is
common, with A. exitialis having the highest proportion of
reported mortality [13]. Chen et al. [4] analyzed 102 episodes

of all types of mushroom poisoning in southern China which
included 52 patients who consumed A. exitialis who had a
mortality of 60.6%, while only one of ten patients who died
in this limited cluster.

Although some studies [14–16] have reported that a
“gastroenteritis phase” usually progressed into a “quiescent
phase” after 24–36 h, the average period of diarrhea in this
patient group was longer, and some critically-ill patients
experienced severe abdominal distention and secondary
paralytic ileus.

The characteristics of early and severe diarrhea accompa-
nied by abdominal distention were prominent in critically ill
patients and may be a marker of severity. The clinical fea-
tures that occurred in this outbreak were similar to those
reported previously [17–19]. In addition, prolonged periods
of diarrhea increased fluid and electrolyte imbalances that
required closer monitoring. Cathartics are not recommended
for intestinal decontamination for such patients to avoid
exacerbating dehydration [20].

Thrombocytopenia is a common feature in amatoxin
mushroom poisoning [21–23]. We observed thrombocyto-
penia between days 3 and 7 post ingestion. Possible reasons
for this abnormality may be higher expression of procoagu-
lant microparticles that have been demonstrated in patients
with acute liver injury (ALI) [24,25]. Increased platelet con-
sumption results from inflammation-mediated [26] and pro-
thrombotic [27] mechanisms to maintain a hypercoagulable
state of microcirculation. Also, with the development of

Table 2. Laboratory results of patients with mushroom poisoning.

Laboratory result All patients (n¼ 10) Survivors (n¼ 9) Fatality (n¼ 1)

AST (IU/L), median (min–max) 300 (21–2460) 297 (21–2460) 393 (49–1916)
ALT (IU/L), median (min–max) 511 (11–2537) 544 (11–2533) 397 (34–2537)
TBIL (lmol/L), median (min–max) 54.7 (6.8–573) 20.5 (6.84–373) 221 (17.1–573)
PTA (%), median (min–max) 74.1 (11–118) 83.8 (32–118) 29.3 (11–107)
aPTT (s), median (min–max) 41.9 (29.0–149) 37.9 (29.0–95) 60.7 (38.1–149)
D-dimer (lg/mL), median (min–max) 3.3 (0.2–20) 0.9 (0.2–3.2) 13.8 (0.3–20.0)
Lactate (mmol/L), median (min–max) 1.9 (0.4–9.1) 1.3 (0.4–4.7) 4.1 (1.8–9.1)
Ammonia (lmol/L), median (min–max) 54 (4.1–284) 31.7 (4.1–149) 167 (67.5–284)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; TBIL: total bilirubin; PTA: prothrombin activity; aPTT: activated partial
thromboplastin time; min: minimum; max: maximum; s: seconds.

Figure 3. Course of inflammatory markers in all patients. The left Y-axis corresponds to the blue line plot to reflect the time-concentration trend of CRP, and the
right Y-axis corresponds to the red line plot to reflect the time-concentration trend of SAA. The average values presented in figure. The blue-broken line represents
the upper limit of normal value of CRP; the red-broken line represents the upper limit of normal value of SAA. CRP: C-reactive protein; SAA: serum amyloid-A.
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acute liver injury, there is a change of coagulation function
from an early procoagulant state to a consumptive hypocoa-
gulability [28]. Finally, the impact of interventions, such as
hemoperfusion is a known risk for thrombocytopenia.

The inflammatory response after Amanita poisoning was
described only in animal studies [29,30]. We found that this
outbreak had a non-infectious inflammatory response with
lymphocytopenia in the early period of mushroom poisoning.
The role of immune response in organ injury caused by ama-
nitin-containing mushroom poisoning needs fur-
ther evaluation.

Several studies have reported that abnormal aminotrans-
ferase concentrations and coagulation dysfunction were
associated with a poor prognosis, and may be useful as a
valuable prognostic indicator [7,31–33]. Our results support
these views, and in patients with higher grades of poisoning,
ALT concentrations demonstrated an earlier rise and later
peak, with similar findings for total bilirubin as well.

Gao et al. [34] reported that an elevated ammonia con-
centration was associated with mortality and could predict
the prognosis of patients with acute mushroom poisoning. In
this outbreak, the ammonia concentration was higher in the
one deceased patient than that in the surviving patients.

Currently, an early risk prediction scoring system for acute
poisoning is lacking. The APACHE II score may predict out-
comes in some other poisonings [35,36]. Otherwise, we
observed that APACHE II score insufficiently reflects the
severity of Amanita mushroom poisoning in the early stage.
We considered that the APACHE II score has a higher range
in chronic physiological or pathological injury, but because
acute mushroom poisoning has specific characteristics, more
research is needed for accurate evaluation of any prognos-
tic score.

Limitations

This was a rare occurrence of a cluster of 10 simultaenous
cases, and there was a high degree of consistency in the
type of mushroom ingested, the time of admission, and
the medical environment. However, some limitations are as
follows: (a) it was a retrospective case series with a small
amount of missing data; (b) it was a small cohort of only 10
patients; and (c) there was a lack of confirmation of the
presence of amatoxin in either the mushrooms or
patient samples.

Conclusions

This analysis of 10 cases of A. exitialis poisoning demon-
strated that all cases had severe diarrhea, and abdominal dis-
tension and thrombocytopenia were prominent in critically ill
patients. The fatal case developed hepatic failure with low
prothrombin activity, rising aminotransferase concentrations,
persistent hyperbilirubinemia, as well as an elevated D-dimer.
The APACHE II score was a poor predictor of outcome for A.
exitialis poisoning.
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