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ABSTRACT

Introduction: Mushroom poisoning occurs from consumption of the wild variants of mushroom containing varied forms of toxins.
Among those toxins, amatoxin containing mushrooms are known for the significant morbidity and mortality from hepatic toxicity
and delayed gastroenteritis. Although not a very common cause of poisoning, it is prevalent in the north-eastern region of India,
especially during the rainy summer seasons when the wild variants are found abundantly and often confused with the edible variants.
Aims and Objectives: To study the clinical and biochemical profiles and short term outcomes of patients with mushroom poisoning
admitted to a tertiary care hospital. Materials and Methods: We analyzed the data of patients with mushroom poisoning admitted
to a tertiary care institute in north-eastern India between January 2015 to December 2020 to study their clinical and biochemical
profiles, and short-term outcomes. Their clinical features, biochemical parameters, management, and in-hospital outcomes were noted.
All data was recorded in Microsoft MS Excel and analyses done using SPSS version 22. Results: Of the 44 patients with mushroom
poisoning, 23 (52%) were male and 21 (47%) were female, with a mean age of 20.13 years. Seventeen patients (38%) had delayed
liver failure and delayed gastroenteritis, 19 patients (43%) had acute gastroenteritis syndrome, 5 patients (11%) had cholinergic
symptoms, one patient (2%) each had acute kidney injury and a disulfiram-type reaction with headache. The mean hospital stay
of the patients was 5 days. In-hospital mortality occurred in 10 (58%) patients with delayed liver failure and none of the patients
with the other complications died. Conclusion: This study revealed a high prevalence of mushroom poisoning that caused delayed
liver toxicity and delayed gastroenteritis, probably amatoxin-induced, which is fatal, thus accounting for high mortality and poor
outcomes in these patients.
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hepatitis. The exact prevalence of mushroom poisoning in our
country has not been accounted for because such poisoning is
uncommon or unreported. In recent years, mushroom poisoning
and deaths have been reported in case reports and case seties
during the rainy summer seasons.["'” It is during these time of the
year that wild poisonous mushrooms grow abundantly and they
are often mistaken with the edible ones. In two separate studies by
Goldfrank LR e7 a/!"" and Brent | ¢ ' described 14 syndrome
presentations caused by 12 groups of toxins. The presentation
of mushroom poisoning as different syndromes can help us to
identify the associated toxins and early medical therapy can prevent
death from the lethal amatoxins which are commonly found in
the Amanita, Lepiota and Galetina species of the mushroom.!'>!!

Although sporadic cases of death following mushroom
consumption have been reported from various part of India*!
there is no data on the pattern and magnitude of complications
and outcome from the north eastern part of the country.
Therefore, we conducted this study to report the clinical and
biochemical profiles and short term outcomes of patients with
mushroom poisoning admitted to a tertiary care hospital.

Material and Methods

Study design and participants

An observational cross- sectional study of patients with
mushroom poisoning presenting to our institute was conducted
from 2015 to 2020 to describe their clinical and biochemical
profiles, and short- term outcomes. All patients who presented
with a history of mushroom poisoning were included in the
study. Clinical syndromes were based on clinical presentations
and biochemical results. However, specific toxin analyses and
mushroom identification by mycologists could not be performed.

Statistical analysis

Data entry and analysis were performed using SPSS software IBM
SPSS 22.0, Armonk, New York, USA). The demographic profile
was recorded retrospectively in terms of the time of onset of
symptoms, presentation to the hospital, clinical presentation, and
laboratory parameters. The means and standard deviations were
analyzed for continuous data, while percentages/proportions
were described for categorical data. Comparisons of continuous
variables between the syndrome of “delayed liver toxicity and
delayed gastroenteritis” and “acute gastroenteritis syndrome”
groups were analyzed using t-test (independent sample t-tests).
Statistical significance was set at P < 0.05.

Ethical approval

Ethical approval was obtained from the Institutional Board vide
letter No. NEIGR/IEC/M3/F17/17 dated 7* December 2017.

Results

A total of 44 patients were admitted with mushroom
poisoning between January 2015 and December 2020,
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comprising 23 males (52%) and 21 females (48%), with
a mean age of 20.13 (SD * 15.39). The age of those
affected ranged from 2 to 60 years [Table 1]. The main
source of wild mushrooms was self- picked by patients or
relatives for consumption [Figures 1 and 2]. Six clinical
syndromes were identified in our study [Table 2], with
acute gastroenteritis (38%) being the commonest, followed
by hepatic failure and delayed gastroenteritis (43%). Of
the 17 patients with “delayed liver toxicity and delayed
gastroenteritis syndrome” 10 patients (58%) expired due to
complications of fulminant hepatitis. Most of these patients
had late onset of presentation of symptoms (after 6 hours)
and consequently delayed hospitalization. However none of
the patients with the other syndromes died. A comparative
analysis between the two syndromes “Delayed liver toxicity and
delayed gastroenteritis” and “acute gastroenteritis” shows that
the severity is more in the former in terms of complications
bleeding, encephalopathy, hypoglycemia, acute kidney injury,
requirement for mechanical ventilation. [Table 3] There were
two seasonal peaks in the incidence of mushroom poisoning
admission to our hospital occurring in two parts of the
years, the rainy summer seasons (March, April, and May) and

Figure 1: Mushrooms that grew at the site and were picked and
consumed by the patients who showed delayed hepatitis and delayed
gastroenteritis syndrome

Table 1: Demographic Profile of the patients with Mushroom
Poisoning from January 2015 - June 2020 (n=44)

Age distribution

Number of cases Frequency (%)

Age group (Years)

2-12 15 34
13-18 12 27
19-60 17 38
Mean Age (Yeats) 20.13 (SD*15.39)
Sex
Male 23 52
Female 21 48
Source of mushroom
Wild 44 100
Market - -
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autumn (August, September, and October), where the rainfall
and humidity are high [Figures 3 and 4].

Number of cases from 2015-2020 in relation to monthly presentation
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Figure 2: Basket of plucked mushrooms brought to the hospital by o q&‘i" S
relatives of patients who died of delayed liver toxicity and delayed
gastroenteritis Figure 3: Cases based on a monthly distribution
Table 2: Clinical profile and outcome of the Syndromes with Mushroom Poisoning
Syndrome (number) Onset of Time of Symptoms (number) Complications ICU Death Total hospital
symptoms presentation to (number) care stay (days;
(Hours) hospital (days) MeantSD)
Delayed liver toxicity and delayed >6h 2411212 Loose stool (13) Hepatitis (17) 17 10 5.57%7.5
gastroenteritis (17) Vomiting (15) Pre-renal failure (6)
Pain abdomen (9) Coagulopathy (17)
Altered sensorium (5) Hypoglycemia (10)
Bleeding (2)
Acute gastroenteritis (19) <6h (17) 3.3612.24  Loose stool (5) Pre-renal failure (2) None None 3.3242.16
>6h (2) Vomiting (19)
Abdominal pain (12)
Cholinergic mushroom poisoning (5) <6 h 2 Fever with increased salivation ~ None None None 3
Acute kidney injury (1) >6h 2 Vomiting with abdominal pain  Renal failure None None 15
Disulfram type of reaction (1) >6h 1 Vomiting, headache and None None None 2
flushing under alcohol influence
Headache (1) >6h 1 Headache None None None 2

Table 3: Clinical, Biochemical profile and short outcome of mushroom poisoning with Delayed liver toxicity and
delayed gastroenteritis syndrome and Acute gastroenteritis syndrome

Syndrome Delayed liver toxicity and Syndrome Delayed liver toxicity and
delayed gastroenteritis delayed gastroenteritis

No of patients 17 19

Time of presentation to the hospital (days) 2411212 3.36+2.24 P<0.199

ALT (IU/L) 30561695 32.9442.80 P<0.000

AST (IU/L) 18981468 45.21%6.17 P<0.000

PT (sec) 52.35%33.07 14.15%1.77 P<0.000

INR 6.45+4.49 1.21£0.28 P<0.000

aPTT (sec) 92.59+40.33 34.26+4.80 P<0.000
Creatinine (mg/dl) 1.60£2.13 0.83£0.60 P<0.139

Utea (mg/dl) 44.00£35.89 24.1519.42964 P<0.026

RBS (mg/dl) 68.31+34.22 111.68£12.83 P<0.000

ICU care 17 None P<0.000
Mechanical Ventilation 11 None P<0.000
Duration of hospital stay (in days) 5.57£7.5 3.32£2.16 P<0.199

Death 10 (58.82%) Nil

P<0.000=may be written as <0.001; ALT : Alanine Aminotransferase; AST : Aspartate aminotransferase; PT-Prothrombin time; INR- International normalized ratio; aPTT: Activated partial thromboplastin time;
RBS: Random Blood Sugar; ICU=Intensive Care Unit
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Discussion

From what is known from literature there are more than
10,000 species of mushroom worldwide. However, only a
small percentage is known to be poisonous. Over 1200 species
of mushrooms are known to be present in our country, and
more than 500 species are toxic and contain lethal mycotoxins
responsible for different types of clinical syndromes.” Delayed
liver toxicity and delayed gastroenteritis caused by amatoxin and
phyllotoxin found in the Amanita, Lepiota, and Galerina species
of mushrooms accounts for up to 30% mortality. Seizures,
delayed gastroenteritis and liver toxicity caused by gyromitrin
found in the Gyromitra species, Sarcosphaera species and
Cyathipodia species accounts for up to 10% mortality. Delayed
rhabdomyolysis and delayed encephalopathy with renal failure
caused by unknown toxin accounts for up to 25% and 27% of
mortality respectively.!!
such poisoning have shown to reduced mortality significantly.

I Early and aggressive management of

In the recent literature the new syndrome classification has also
been given by White e a/'"! where he classified the syndromes
into 6 groups based on their cytotoxic, neurological, myotoxic,
gastrointestinal, metabolic and other miscellanecous adverse
effects. Compared to the old classification new mushroom species
were identified like the Russula species causing rhabdomyolysis,
polyporic acid containing mushroom, Morchella spp causing
morel neurologic syndrome, Trogia venenat a inducing
hypoglycemia, Boletussatanas resulting in hyperprocalcitoninemia

Number of patients admitted with mushroom poisoning yearly

from 2015-2020
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Figure 4: Cases based on an annual distribution

mushroom poisoning. Pancytopenic mushroom poisoning caused
by Ganoderma neojaponicum and Paxillus syndrome induced by
Paxillus involutus has also been added to the new classification
which was not described by Goldfrank.

In our study observation, our diagnosis was based also based
on the presentation of clinical syndrome. The fatal cases of
mushroom poisoning were associated with delayed liver toxicity
and delayed gastroenteritis syndrome probably caused by liver
toxins (amatoxins and phyllotoxin) found in the Amanita,
Lepiota, and Galerina species of mushrooms. Younger age
groups are affected more maybe because they unknowingly pick
up and consume poisonous mushrooms as compared to the
elderly subjects who have ancestral knowledge about the types
of poisonous mushrooms. All the 17 cases had severe hepatitis
with complications of bleeding and encephalopathy. The case
fatality rate was as high as 58%, indicating that patients with
the associated syndrome are at a higher risk of death and hence
should be managed with utmost caution. We also noted the
presence of other syndromes which are however not fatal and
requires more of supportive therapy. Based on the classification
provided by Goldfrank ez 2/'"! and Brent and Palmer.""" the
anticipated toxins and mushrooms responsible for these clinical
syndrome caused by poisoning are given below [Table 4]. The
clinical presentation of mushroom poisoning help in anticipating
whether the mushroom consume d are poisonous and life

threatening,['>!4

To date, cases of mushroom poisoning in India
have been reported in case reports, and fatal cases have been
observed more often in tropical belts of the country (Eastern
Ghats, Western Ghat, Himalayan Belt and Northeast India,
Kerela) that favor the growth of different mushroom
species.>*# Most case reports wete diagnosed from the clinical
history and presentation because mushroom identification by an
expert mycologist is not always available and toxin analysis is also

1511 A case seties desctibed by Verma

not routinely petformed.!
et al. showed three cases of mushroom poisoning which was
complicated with acute liver failure and multiorgan dysfuntion
syndrome and death in all the three cases.! In Assam similar
cases has been reported where mortality was observed more
among those patients who presented late with liver failure.P!

A detailed study was also cartied out by M Kumat ez 2/ in

Table 4: Clinical Syndrome and the likely toxins and mushrooms causing the poisoning based on the symptoms

Clinical Syndrome Number of patients

Possible toxins

Mushrooms containing the toxins

Delayed liver toxicity and 17 Amatoxins Amanita spp.
delayed gastroenteritis Phallotoxins Lepiota spp.

Galerina marginata
Acute gastroenteritis 19 Gi irritants Chlorophyllum molybdites spp.
Disulfiram like reaction Coprine Coprinopsis atramentaria
Cholinergic mushroom 5 Muscarine Clitocybe cerussata
poisoning Citocybe dealbata

Inocybe fibrosa

Inocybe geophylla

Inocybe fastigiata/rimosa
Acute Kidney injury 1 Orellanine, orellinine, cortinarin Orellani spp.

Allenic notleucine Amanita smithiana

Headache 1 Unknown -
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the Kolli Hills of South India where they found the presence
of few poisonous species namely Omphalotus olevascens and
Mycena pura causing cholinergic syndrome and gastrointestinal
syndrome, and Chlorophyllum molybdites resulting in
gastrointesitinal symptoms. Toxin analysis study was also carried
out in Mysore by S. Sai Latha ¢ a/® whete they documented
the presence of poisonous mushroom namely the Amanita
angustilamellata, Agaricus endoxanthus, Clarkeinda trachodes,
Chlorophyllum molybdites, Psilocybe subcubensis, Entoloma
crissum. In Kerela cases of gastrointesitinal syndrome cause
by the Chlorophyllum molybdites species are also encountered
from time to time."! The poisonous mushroom species like the
Amanita, Galerina, and Lepiota are known to contain two main
groups of toxins, i.c., amatoxins and phallotoxins.”” Amanitin
is the chief component of the toxins, and - o § amanitin is
responsible for the toxic effects. The lethal dose (LD50) of
amanitin or alpha- amatoxin can be as low as 0.4- 0.8 mg/kg in
humans, which corresponds to approximately two mushroom
caps. A single mushroom contains 10 mg of the toxin, which
is sufficient to cause mortality.'*"” When it reaches the
portal circulation after absorption from the gastrointestinal
tract, it is actively transported by hepatocyte membrane
proteins [organic anion transporting polypeptide (OATP)] and
sodium taurocholate cotrans porter (NTCP), which facilitates
the concentration of toxins inside hepatocytes. Amatoxins
then bind to DNA-dependent RNA polymerase type II and
prevent protein synthesis, which results in apoptosis and
centrilobular nectrosis of liver cells.”” Extensive liver damage
results in fulminant hepatitis, which accounts for the high
mortality. Mortality in our cohort of patients is those with
delayed onset of hepatitis presenting late to the hospital. Thus,
hepatitis and late presentation are important prognostic factors
to the outcome of mushroom poisoning. The specific tests for
toxins in the serum include reversed- phase high-performance
liquid chromatography, capillary electrophoresis coupled with
mass spectrometry, and liquid chromatography coupled to
mass spectrometry or tandem mass spectrometry. Toxins in
the urine can be estimated by enzyme- linked immunosorbent

assay (ELISA), radioimmunoassay, and high- performance light
chromatography. However, these tests are limited and not easily

available.*!?3!

Management in our patients with suspected amatoxin- induced
liver toxicity is mainly supportive, with few patients receiving
silibinin and ceftazidime injections [Table 5]. In fulminant
hepatitis cases, ultrasonography- guided biliary aspiration was
performed in 5 patients to decrease the enterohepatic circulation;
howevet, only three patients survived.?**! Some patients also
received octreotide injection, as proposed in some observational
studies, which reduced the release of toxins from the gall
bladdet to the enterohepatic citrculation.? The use of supposed
antidotes (amatoxin uptake inhibitors), silymarin, penicillin G,
silibinin, and ceftazidime is still controversial. Howevet, silibinin
dihemisuccinate is an accepted d antidote in European n
countties.” In the USA, the drug silibinin hemisuccinate was
studied in an observational study by Mengs U ¢# 4/,*® who
showed that it led to a 10% reduction in mortality compared to
other antidotes. The drug acts by blocking member an e transport
receptors [(organic anion transporting polypeptide (OATP) 1b3
and sodium taurocholate cotrans porter (NTCP)], which diverts
the amatoxin back into the general circulation for renal clearance.
For other antioxidants, such as N-acetylcysteine (NAC), vitamin
C has yet to be proven to be effective. In the recent systemic
teview cartied out by Jiaming Liu e7 2/ showed the effectiveness
of NAC treatment when combined with other therapies in
patients with amatoxin poisoning. Other observational studies of
Amanita poisoning with acute liver failure, liver transplantation
has been the last resort for treatment.’!! With time other
bridging therapies for fulminant hepatitis, such as the molecular
absorbent recirculating system (MARS), fractionate d plasma
separation and adsorption system (FPSA), or plasma exchange,
have also been mentioned in a few case reports and observational
studies.’** Recent studies have also shown significant reduction
in mortality among fulminant hepatitis patients based on eatly
aggressive hydration therapy of 4 L. over 24 h and administration
of antioxidant N-acetyl cysteine with the continuation of

Table 5: Management and Outcome of patients

Clinical syndromes Total no of patients Management ICU care Mechanical ventilation Death
Delayed liver toxicity and 17 Supportive therapy 17 10 10
delayed gastroenteritis 1V fluids

Vitamin K

Fresh frozen plasma

US guided gall bladder aspiration

Octreotride infusion

Antidote : silibilin/ceftazidime
Acute gastroenteritis 19 Supportive therapy None None None

IV fluids

Proton pump inhibitors

Antiemetic
Cholinergic mushroom 5 Supportive therapy : Hydration None None None
poisoning therapy
Acute kidney injury 1 Hydration therapy and hemodialysis None None None
Disulfram type of reaction 1 Supportive therapy None None None
Headache 1 Supportive therapy None None None
Journal of Family Medicine and Primary Care 1967 Volume 11 : Issue 5 : May 2022
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supportive therapy compared to cohorts of older patients who
did not receive such treatment.’* We also noted that climate
plays an important role in the growth of these wild poisonous
mushrooms. Rainfall, temperature, and humidity are the factors
influencing the growth of wild mushrooms, as shown in Figure 5.
The variety of tree species and climatic factors in our state favors
the presence of the ectomycorrhizal fungi, indicating that it is an
endemic zone for such species. The wild mushrooms (Amanita,
Lepiota and Galerina species) are ectomycorrhizal fungi growing
in mixed deciduous and coniferous forests, with an average
temperature of 23-24°C, relative humidity of >80%, and rainfall
of >200 mm which thrive in the woods and are easily available
for collection.’® Hence, awareness of the existence of such wild
poisonous mushrooms is important.

Mushroom poisoning is encountered in the peripheral areas
where the only means of first aid is from peripheral health
centers where medical officers are the first to encounter such
cases. At the same time early medical intervention as mention
in discussion which can easily be carried out at the peripheral
health centers decreased mortality and organ failure as evidenced
from the literature mention in the discussion part. Hence we feel
that primary care physicians can play a big role in saving lives of
patients with fatal mushroom poisoning at the right time.

The limitations of our study are as follows. First, this was a
retrospective study. Second, specific diagnostic tests were not
available, and toxin analyses of the patient’s urine and blood could
not be perform ed. Third, the syndrome diagnosis was based on
the patient’s history and clinical presentation. Finally, the number
of mushroom poisoning cases is also low, which increases the
difficulty of showing the significance of the clinical features in
the outcomes of the patients.

Conclusion

Our study observed some wild mushrooms are edible and some
are not. Delayed liver toxicity and delayed gastroenteritis lead to
the highest number of fatalities among wild mushrooms. Climatic
factors (temperature, rainfall, and humidity) are known to favor
the growth of wild poisonous mushrooms. Unless proven, all
late- presenting cases of mushroom poisoning with hepatitis
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should be considered amatoxin- induced poisoning which is
fatal. Immediate resuscitative and aggressive therapy should be
considered to prevent organ damage. The early spring, rainy
season, and autumn are the anticipated times of such cases.
Awareness about the existence of such mushrooms in this part
of our country should be promoted to prevent the occurrence
of death from mushroom poisoning.

Key messages and recommendation

Mushroom poisoning is the present era is not uncommon
and if caused by the amatoxin accounts for high mortality
as observed in our study and other studies as well.

With recent evidences early and aggressive medical therapy
can reduced mortality

Diagnosis can be made by recognition of the clinical
syndrome which can be made even bedside from proper
history and examination with certain laboratory parameters
even if toxin analysis is not available.

Antidotes and antioxidants for mushroom poisoning have a
role in the treatment of mushroom poisoning

This study shows that late presentation of amatoxin induced
poisoning accounts for high mortality

Some medical therapeutic intervention like gall bladder
aspiration which decreases the enterohepatic circulation of
the toxins seemed to have been effective for some of our
patients but requires more studies to be conducted.

This observation study shows that treatment for lethal
mushroom poisoning is still a grey area which need more
RCT for certain ANTIDOTES to have stronger evidence
and recommendation for their use.
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