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Challenges in the early diagnosis of patients with
acute liver failure induced by amatoxin poisoning
Two case reports
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Abstract
Rationale: Acute liver failure (ALF) induced by amatoxin-containing mushrooms accounts for more than 90% of deaths in patients
suffering frommushroom poisoning. However, due to the fact that most hospitals cannot identify the species of mushrooms involved,
or detect amatoxins, the early diagnosis of amatoxin intoxication remains a significant challenge in clinical practice.

Patient concerns: Two patients were had ingested wild mushrooms 15 hours before admission. Six hours prior to admission
they experienced nausea, vomiting, weakness, abdominal pain and diarrhea. The species of mushrooms they had consumed could
not be identified.

Diagnoses: According to their delayed gastroenteritis, the two patients were clinically diagnosed with amatoxin poisoning. One
week after the patients were discharged, the species of the mushrooms was identified as Amanita fuliginea and the diagnosis was
confirmed.

Interventions: The two patients were treated with silibinin, penicillin G and plasma exchange.

Outcomes: Although the two patients progressed to ALF they fully recovered and were discharged on day 10 after admission.

Lessons:Our case reports suggested that patients with unidentified wild mushroom intoxication with delayed gastroenteritis could
be clinically diagnosed with amatoxin poisoning; in such cases, liver coagulation function should be frequently evaluated. Early
diagnosis and treatment are crucial for survival in patients with ALF induced by amatoxin poisoning.

Abbreviations: ALF = acute liver failure, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BUN = blood urea
nitrogen, Cre = creatinine, EBV = Epstein-Barr virus, HAV = hepatitis A virus, HBsAg = hepatitis B virus surface antigen, INR =
international normalized ratio, LDH = lactate dehydrogenase, NAC = N-acetylcysteine, PT = prothrombin time, PTA = prothrombin
time activity, PLT = platelet, TBil = total bilirubin, TNF-a = tumor necrosis factor-a, WBC = white blood cell.
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1. Introduction

Acute liver failure (ALF) is a disease with high mortality,
although the prognosis of patients with ALF depends largely on
their etiology.[1] The most common cause of ALF in China is viral
hepatitis. ALF caused by mushroom poisoning is relatively rare
and is almost entirely induced by amatoxin-containing mush-
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rooms. ALF induced by amatoxin poisoning accounts for
>90% of deaths in patients suffering from mushroom poison-
ing.[3] Patients with amatoxin-induced ALF have a much poorer
prognosis and liver transplantation is the only lifesaving
option.[4,5] However, due to a shortage of donors, liver
transplantation is not readily available nor feasible for most
patients with ALF in China. The effects of other treatment
options, including various combinations of a number of drugs
and supportive therapy and artificial liver support systems (ALSS)
remain limited.[6] The early identification of patients with
amatoxin poisoning and improvements in the efficacy of specific
therapies will benefit most patients with amatoxin-induced ALF.
The early diagnosis of amatoxin poisoning depends on the

rapid identification of the mushrooms causing the poisoning, or
the detection of amatoxin in patients. However, the identification
of mushroom species consumed by patients is difficult for clinical
doctors and patients, and the detection of amatoxin is not
available in most hospitals in China and most other countries. In
a previous report, 82.7% of mushrooms causing poisoning could
not be identified.[7] Therefore, the early diagnosis of amatoxin
intoxication remains a significant clinical challenge. In this paper,
we report 2 patients suffering from poisonous mushroom-
induced ALF in which the species of mushroom consumed could
not be identified until 1 week after the patients had been
discharged. According to their delayed gastroenteritis, the 2
patients were suspected of amatoxin poisoning and were
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successfully treated with silibinin and penicillin G. We also
reviewed the clinical characteristics of patients with amatoxin
induced ALF.
Figure 1. Alanine aminotransferase (ALT) levels and prothrombin time activity
(PTA) over time (days) after admission in patient 1.
2. Case reports

Our 2 patients (patient 1 and patient 2) were both women and
were 41 and 48 years old, respectively. The 2 patients were
relatives and lived in the same country (Shuiyang country,
Guizhou Province, China). Patient 1 had collected the mush-
rooms in a forest and consumed the wild mushrooms with patient
2 by cooking at home approximately 15hours prior to admission.
No one else had eaten the mushrooms. Approximately, 6hours
before admission they experienced nausea, vomiting, and
weakness. Approximately, 3hours before admission, they
experienced abdominal pain and diarrhea. They were admitted
to the infectious department of our hospital in October 2012 and
had not consumed alcohol with the mushrooms.
Upon admission, both patients were still suffering from

abdominal pain, nausea, vomiting, diarrhea, and weakness.
No fever was noted. Both patients had normal blood pressure.
On physical examination, patient 1 had right upper quadrant
tenderness to palpation. Neither had guarding or rebound. For
both patients, the remainder of the physical examination was
normal. To exclude other causes of ALF, additional inves-
tigations showed that the 2 patients were negative for IgM
antibodies for Epstein-Barr virus (EBV), hepatitis A and E viruses.
Tests for hepatitis B virus surface antigen and core antibody, and
hepatitis C virus antibody were negative. Tests for antinuclear
antibody, double-stranded DNA antibody, anti-liver-kidney
microsomal antibody, anti-smooth muscle antibody, and anti-
mitochondrial antibody M2 also were negative. Serum cerulo-
plasmin level was also normal and neither patient reported a
history of liver disease.
The background data and laboratory findings of the patients at

the time of admission are shown in Table 1. The species of
mushrooms consumed by the patients could not be identified by
either the doctors or patients because the patients had no
mushrooms left for examination. Furthermore, wewere unable to
detect amatoxins in our hospital because we did not have an
appropriate assay kit. Considering both patients had ingested
wild mushrooms and gastroenteritis symptoms appeared ap-
proximately 9hours after ingestion, we clinically diagnosed the 2
Table 1

Background data and laboratory findings of 2 patients with
amatoxin-induced acute liver failure at the time of admission.

Normal range Patient 1 Patient 2

Age, y – 41 48
Gender – Female Female
ALT, U/L <40 68 216
AST, U/L <50 78 274
TBil, mmol/L <22 4.9 25.1
WBC, �109/L 3.5–10 15.64 13.69
Platelet, �109/L 125–350 265 221
Cre, mmol/L 41–109 50 76
BUN, mmol/L 2.8–7.8 12.95 11.68
PTA (%) 75%–150 69 41.1
INR 0.85–1.5 1.21 1.49
LDH, U/L 135–215 255 394

ALT= alanine aminotransferase, AST= aspartate aminotransferase, BUN=blood urea nitrogen,
Cre= creatinine, INR= international normalized ratio, LDH= lactate dehydrogenase, PTA=
prothrombin time activity, TBil= total bilirubin, WBC=whole blood count.

2

patients with amatoxin poisoning and commenced treatment.
Both patients received standard conservative therapy, including
bed rest, nutritional and energy supplements, intravenous
infusion of plasma, water-electrolytes, and acid–base equilibrium
maintenance, along with the prevention and treatment of
complications.
Patient 1 weighed 55kg; penicillin G was intravenously

administered at a dose of 24,000,000U/d (436,364U/kg/d) and
silybin was administered orally at a dose of 3g/d (0.055g/kg/d).
The symptoms of gastroenteritis were alleviated during the first
day after admission. However, her alanine aminotransferase
(ALT) and total bilirubin (TBil) levels steadily increased to a peak
of 3798U/L (normal level: <40U/L) and 50.5mmol/L (normal
level: <22mmol/L) on the third and fourth day after admission,
respectively. Prothrombin time activity (PTA) decreased to
30.7% (normal range, 75–150%) on the third day after
admission (Fig. 1). The patient developed transient hepatic
encephalopathy on the third day. Plasma exchange was
performed with 2500mL of frozen plasma. From the fifth day,
her liver function improved steadily.
Patient 2 weighed 62kg; penicillin G was intravenously

administered at a dose of 32,000,000U/d (516,129U/kg/d) and
silybin was administered orally at a dose of 4g/d (0.065g/kg/d).
Her symptoms of gastroenteritis were also significantly alleviated
during the first day after admission. The peakALT for this patient
was 2128U/L (normal: <40U/L) and TBil was 90.9mmol/L
(normal: <22mmol/L), on the fourth and the fifth day,
Figure 2. Alanine aminotransferase (ALT) levels and prothrombin time activity
(PTA) over time (days) after admission in patient 2.
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respectively, after admission. PTA fell to 22.0% (normal range,
75–150%) on the third day after admission (Fig. 2). She
subsequently developed grade 2 hepatic encephalopathy on the
third day. Plasma exchange was performed on 2 occasions on the
third and fifth day after admission; 2000 to 2500mL of frozen
plasma was used each time. From the fourth day, her hepatic
encephalopathy disappeared and liver function improved.
The 2 patients were discharged on day 10 after admission with

normal aspartate aminotransferase (AST), ALT, and PTA levels.
Oneweek after the patients were discharged, themushrooms they
had consumed were brought to the hospital and the species was
identified asAmanita fuliginea. Three months after discharge, the
patients were asymptomatic, with no evidence of ongoing toxicity
or sequelae.
The therapeutic protocol was approved by the Human Ethics

Review Committee of Zunyi Medical College, Guizhou, China
and informed consent was obtained from each patient.
3. Discussion

There are more than 3000 species of mushrooms in China.
Approximately, 400 of these are toxic to humans.[8] Acute liver
injury can be caused by the ingestion of amatoxin-containing
mushrooms.[9] Amatoxins have been found in several species of
wildmushrooms. In Southern China, 78.05%of patients suffering
fromwildmushroompoisoning, and70.49%of deaths, are caused
by species from the genus Amanita. In particular, Amanita
fuligineaandAmanita exitialis cause approximately40%ofdeaths
due to wild mushroom intoxication.[8]

Two mechanisms have been suggested for the way in which
amatoxin induces hepatocyte apoptosis.[10] Firstly, the amatox-
ins bind non-covalently to and inhibit RNA polymerase II and
protein synthesis in hepatocytes. Since the liver is an organ with a
high rate of protein synthesis and cell turnover, amatoxin
poisoning induces the most serious injury in the liver compared
with other organs.[11] The second mechanism is that amatoxin
induces the production of cytokines such as tumor necrosis
factor-a (TNF-a); amatoxin and TNF-a synergistically induce
the death of hepatocytes.[12] Furthermore, it has also been
suggested that free radical production induced by amatoxin also
plays an important role in the pathogenesis of amatoxin-induced
liver injury. It has been found that amatoxin can increase the
production of superoxide dismutase and reduce catalase activity,
causing hepatocellular dysfunction through a peroxidative
pathway.[13]

Patients with amatoxin intoxication usually experience 4
clinical stages.[2] The first stage is known as the latent stage.
During this stage, patients do not have any symptoms. This stage
usually lasts 6 to 12hours after the ingestion of mushrooms. After
patients progress to the second stage, most of them experience
gastroenteritis characterized by the acute onset of nausea and
vomiting, diarrhea, abdominal pain or electrolyte abnormalities,
and dehydration. This the second stage lasts 12 to 24hours. After
this stage, the patient might feel better for 12 to 24hours, and the
symptoms of gastroenteritis are alleviated or disappear. This
third stage has also been described as the “pseudo-remission
period” or false recovery stage. However, after the third stage,
patients rapidly progress to the fourth stage, which is character-
ized by differing degrees of liver injury. Some patients go on to
develop ALF and multi-organ failure. Death usually occurs
within 5 to 8 days of ingestion.
The clinical characteristics of patients with amatoxin intoxi-

cationmake this a challenge to diagnose early and treat promptly.
3

During the first stage, most patients do not seek medical attention
because they have no symptoms. Most patients are admitted to
hospital after the symptoms of gastroenteritis appear. However,
it is difficult for clinical doctors and patients to identify the species
of mushrooms consumed and the assay kit needed to detect
amatoxin is not readily available in most hospitals in China and
other countries. Consequently, the differential diagnosis of
patients with amatoxin poisoning from other poisoning caused
by non-amatoxin-containing mushrooms is, therefore, very
difficult.[14] Many patients with non-amatoxin containing
mushroom poisoning also present with gastroenteritis.[15–17] In
a previous report, 82.7% of cases involving mushroom
intoxication were attributed to an unknown species of
mushroom.[7] It has been suggested that delayed gastroenteritis
symptoms after the ingestion of mushrooms is indicative of
amatoxin poisoning.[9,16,18]Most studies have found that a latent
phase lasting >6hours could be indicative of amatoxin-induced
mushroom poisoning. However, 1 previous study found that
patients with fatal Amanita phalloides poisoning show an
interval between ingestion and diarrhea of 7±2hours.[19] In
another report, involving 4 patients with ALF caused by
mushroom poisoning, 3 patients had a latent phase lasting 6
to 24hours while 1 patient had a latent phase of <6hours.[20]

Therefore, although patients with amatoxin poisoning have a
longer latent phase than other types of poisoning that do not
involve amatoxin, the time point by which we need to distinguish
patients with amatoxin poisoning still requires further studies.
The “pseudo-remission period,” or the third stage, is a key

stage in the diagnosis andmanagement of patients with amatoxin
intoxication. In this stage, massive liver injury has not yet
occurred. Patients with more benign mushroom poisoning will
recover well during this stage; consequently, it is difficult to
distinguish patients who have truly recovered from those
showing false recovery, such as those with amatoxin intoxica-
tion. Frequent evaluation of liver and coagulation function must
be emphasized in all patients. At the end of this stage the ALT and
AST in most patients with amatoxin intoxication begins to
increase; TBil then also increases and PT is prolonged.
During the fourth stage, in which liver injury occurs, the

diagnosis of amatoxin-containing mushroom poisoning would
become clear. However, due to the rapid progression of liver
injury during this stage, the opportunities to successfully save the
lives of patients would be lost. The most effective treatment
method during this stage is liver transplantation. However, in
patients with amatoxin-induced ALF, it is difficult to identify the
right time-point for transplantation.[10,21] Therefore, the precise
evaluation of the degree of liver injury, and the prognosis of the
patient, is important during this stage.[22,23]

Several non-specific treatment methods have been used in
patients with amatoxin-induced ALF, including gastric lavage
and administering activated charcoal to reduce the absorbance of
toxins by preventing and/or reducing enterohepatic circula-
tion.[14] Penicillin G, silybin, and N-acetylcysteine (NAC) have
been used most widely in patients with amatoxin poisoning as a
specific treatment strategy. However, the mechanisms of these
drugs in terms of hepatoprotection and as an antidote for
amatoxin intoxication have not yet been fully elucidated.
Penicillin G has been previously shown to inhibit the penetration
of amatoxin into hepatocytes and directly compete with
amatoxin for transmembrane transport.[9] Silybin is the compo-
nent with the highest antioxidant activity. NAC is often
combined with penicillin G and/or silibinin as free radical
scavengers,[24] but in animal studies, NAC has not been shown to
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be effective in the management of amatoxin intoxication.
Although clinical studies have shown that these drugs, either
alone or in combination, improved the survival of patients with
amatoxin-induced ALF,[4,24] there is still a need for randomized
controlled trials to confirm their effect.[26,27] Therefore, early
diagnosis and treatment with non-specific and specific treatment
modalities are crucial for the survival of patients with ALF
induced by amatoxin poisoning.
4. Conclusions

Our 2 case reports suggest that patients suffering from
unidentified wild mushroom intoxication with delayed gastroen-
teritis could be clinically diagnosed with amatoxin poisoning. In
such patients, it is important that liver and coagulation function
should be frequently evaluated. Early diagnosis and treatment are
crucial for survival in patients with ALF induced by amatoxin
poisoning.
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