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Serious Mushroom Poisonings in California
Requiring Hospital Admission,

1990 Through 1994
JEFFREY JACOBS, MD, MPH; JULIE VON BEHREN, MPH; and RICHARD KREUTZER, MD, Emeryville, Califomia

Hunting and consuming wild mushrooms is an increasingly popular avocation, as well as a means of
subsistence for certain groups in the United States. Consuming wild mushrooms is relatively safe for
persons with the necessary expert knowledge. Each year, however, tragic deaths or illnesses occur
when unsuspecting persons ingest toxic mushrooms. We conjectured that there may be vulnerable
subgroups that should be targeted for public service announcements and education about mush-
rooms. Therefore, we reviewed California's hospital discharge database from 1990 through 1994 to
ascertain demographic characteristics and outcomes of "serious" mushroom exposures requiring a
hospital admission. Children younger than 5 years have a higher rate of hospital admission for "seri-
ous" poisonings. Therefore, parents should be reminded of the need for supervising children in areas
with wild mushrooms. We did not find evidence that poisoning rates differed significantly between
ethnic or racial groups, but this finding may be limited by a failure of these groups to seek care after
becoming ill. We discuss briefly the symptoms and treatment of cases of possibly lethal ingestion of
amatoxin-containing species of mushrooms.
(Jacobs J, Von Behren J, Kreutzer R: Serious mushroom poisonings in California requiring hospital admission, 1990
through 1994. West J Med 1996; 165:283-288)

In early February 1996, five northern Californians
ingested poisonous mushrooms, resulting in one

death and a lifesaving liver transplantation in another. In
the fatal case, a migrant farm laborer became ill after
eating mushrooms he picked from a field. He died three
days later, never having sought medical attention. In the
other case, a family picked wild mushrooms with a

friend, who assured them that the mushrooms were safe
to eat. Six to ten hours later, the family members-a
woman, her two sons, and a daughter-began vomiting
and having profuse watery diarrhea and crampy abdom-
inal pains, and they sought medical attention. Over the
next several days, three of the family members' liver
function deteriorated but then improved. The young

girl's health continued to deteriorate, and a partial liver
transplantation was done. Her health and liver function
rebounded after the procedure, allowing for the removal
of the temporary transplant.

Background
These cases illustrate the possible risk associated

with consuming wild mushrooms without appropriate
expert knowledge. Most mushrooms are not poisonous.
Of the 5,000 known species of mushrooms, fewer than

100 are poisonous to humans.l',* The origin of the word
mushroom dates back to early Greek times and is best
translated to the word "mucus."2 Mushrooms were

thought to have arisen from slimy, mucoid matter and
were believed linked to frogs and toads, hence the name
"toadstool." Whereas poisonous properties of wild
mushrooms have been recognized since ancient times,
most people consuming wild mushrooms have lived to
tell about it. Euripides is credited with the earliest report
of mushroom poisoning in 430 BC when, on a trip to
Icarus, he recorded the fatal poisoning of a woman and
her three children. Famous victims of mushroom poi-
soning include Pope Clement II, the widow of Tsar
Alexis, and Charles VI of France.2

Today wild mushrooms are greatly prized as a culi-
nary treat, and the popularity of mushroom hunting is
growing throughout the world. Numerous guidebooks
are available, and expert knowledge from mycologic
clubs and societies enables novice collectors to forage
with increased awareness of the dangers of toxic mush-
rooms. Despite this increased awareness, however, seri-

*See also the editorial by C.W. Pinson, MD, MBA, and Anne L. Bradley,
MD, "A Primer for Clinicians on Mushroom Poisoning in the West," on pages
318-319 of this issue.
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Figure 1.-The graph shows the number of admissions to California hospitals for mushroom
poisoning by year during 1990 through 1994 (n = 146). They averaged 29.2 per year during
this period.
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Figure 2.-The number of admissions to California hospitals for mushroom poisoning for 1990 through
1994 (n = 146) is shown by month. Admissions for mushroom poisoning were more common in sum-
mer and early fall, peaking in August.

ous poisoning episodes continue to occur. This problem
is especially common in Europe, where wild mushrooms
are more widely collected and several hundred deaths
occur annually.'"
A number of conditions are associated with mush-

room poisoning. Many adults seem unaware of the risks
of eating wild mushrooms. Inexperienced mushroom
hunters may mistake the identity of a mushroom.
Immigrants may come from areas where only edible
look-alikes exist. Unsupervised infants, persons looking

for hallucinogenic materials, and families who are told
by "authorities" that the mushrooms are edible may be
poisoned as well.4

Cases and Methods
We examined California's cases of "serious" mush-

room poisonings requiring admission to a hospital. We
elected to use the California Office of Statewide Health
Planning and Development (OSHPD) Discharge Data-
base.5 This database provided us with pertinent demo-
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Figure 3.-The number of admissions to California hospitals for mushroom poisoning (rate per 105 person-years shown above bars)
during 1990 through 1994 (n = 146) is shown by selected counties of residence. The most hospital admissions for mushroom poi-
soning were among residents of Los Angeles County. When cases were adjusted by population, Humboldt County (northern
California) had the highest hospital admission rate in the state, with 0.67 cases per 105 person-years.

graphic information on mushroom poisoning victims
and the outcome of cases. TABLE 1.-Demographics of Persons in California WVith Mushroom

The OSHPD Discharge Database contains computer- Poisoning Requiring Hospital Admission, 1990 Through 1994
ized records for all hospital admissions in California. Rot' 1,
Cases were selected for the years 1990 through 1994, if

the primary E code was listed as mushroom poisoning Age, yr

(International Classification of Diseases, 9th revision, <5.............. 26 (17.8) 0.22

code E 865.5),6 regardless of the actual primary diagno- 5 to 18 25 (17.1) 0.09

sis code. We obtained demographic information, includ- 19 to 44 .56 (38.4) 0.08
ing the age, race, and sex of each patient. Hospital infor- 45 to 64 .22 (15.1) 0.09
mation included county of residence for each poisoning 65 7 (11.6) 0.11
case and the month, day of week, and year of the admis- Toal .146 (1000)

sion. Outcome information included the length of hospi- Race
WShite.87 (59.6) 0l1

tal stay, the primary procedure done in the hospital, and Black. 7 (4.8) 0.07

the disposition of each patient. To check for victims of Hispanic.............. 37 (25.3) 0.1
mushroom poisoning who died before being admitted to NativeAmerscan.1 (0.7)
a hospital, we searched the California Death Registry7 Asian.10 (6.9) 0.07

for cause by mushroom poisoning (death code 865.5) Unknown .4 (2.7)
from 1985 through 1994. We found only four cases, Total 146 (100.0)

which occurred in March 1985, all in San Diego County. Sex
These were not included in our data. Male .84 (57.5) 0.10

Frequency counts for some of the OSHPD data were Female .62 (42.5) 0.08

standardized into rates by calculating person-years for Tot.al .146 (100.0)

the population at risk (all Californians). These data were R. J. ..fE-C.....'

obtained from 1990 census information.s Statistical
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analysis was performed using the STATA statistical soft-
ware packages.9

Results
There were 146 admissions for mushroom poisoning

to California hospitals from 1990 through 1994, averag-
ing more than 29 admissions per year and ranging from
17 in 1990 to 35 in 1992 (Figure 1). We were unable to
determine the species of mushroom associated with each
case. Most poisoning admissions were in the summer

and fall months (Figure 2), peaking during August. The
counties with the greatest number of hospital admissions
for mushroom poisoning were Los Angeles (36),
Riverside (14), San Bernardino (12), Orange (10), San
Diego (9), Santa Clara (8), and Fresno (6) (Figure 3).
When these county frequencies were divided by person-

years, Humboldt County had the highest rate of admis-
sions for mushroom poisoning, with 0.67 cases per

100,000 person-years, followed by Merced (0.45), Yolo
(0.28), Riverside (0.24), Fresno (0.18), Marin (0.17),
and Stanislaus (0.16).

Demographics for all cases admitted to a hospital for
mushroom poisoning are shown in Table 1. The distri-
bution of hospital admissions by age category indicates
that children younger than 5 years had the highest rate of
admission for poisoning, with 0.22 per 100,000 person-
years. Adults aged 65 years or older had the next high-

est rate (0.1 1). The distribution of cases by race indicates
that non-Hispanic whites had the greatest number of
hospital admissions, followed by Hispanics, Asians,
African Americans, and Native Americans. Four persons

were not classified by race. Males were admitted to a

hospital for mushroom poisoning more frequently than
females by a ratio of 1.4 to 1.

Once a poisoning victim was admitted to a hospital,
the primary procedures performed included gastric
lavage, cardiac monitoring, other diagnostic procedures
such as lumbar punctures and respiratory monitoring,
and peritoneal dialysis (Table 2). No liver transplanta-
tions were done for poisoning victims during this time
period. The typical length of stay was less than 4 days in
more than 88% of the cases. The great majority (93%) of
the patients improved and were routinely discharged,
3% left against medical advice, and none died.

Discussion
Hospital admissions for mushroom poisoning in

California occur more frequently in the warmer months
and reach their peak in August. In general, the typical
peak season for wild mushrooms coincides with the
rainy season. In California, this is usually from late
October through March. The farther north along the
West Coast, the season arrives progressively earlier and
is compressed; the farther south, it starts corresponding-
ly later and is more erratic.10'P25) We are unsure of the rea-

sons behind the discordance between the peak hospital
admission rate and peak growth and were unable to
review the individual cases to ascertain the offending
mushroom. The California admissions peak for mush-
room poisoning in summer may, in large part, be due to
the mistaken ingestion of poisonous Agaricus species
(which resemble other edible types), resulting in gas-
trointestinal symptoms and admission for dehydration.

The location of hospitalizations for mushroom poi-
soning reflects the great diversity of habitats where poi-
sonous wild mushrooms may be found. More poisonings
might be expected in the wetter northern California
counties, but drier, more southerly counties such as San
Diego and Orange have a substantial number of hospital
admissions for poisoning as well. High rates in San
Joaquin Valley counties of Fresno and Merced indicate
that toxic wild mushrooms can be encountered through-
out the state and not just along the coast. In addition,
more urban counties like Los Angeles County have large
numbers of admissions because they have a large popu-
lation that may hunt for wild mushrooms. Because wild
mushrooms are capable of growing on lawns and medi-
an strips, excursions into more rural areas may not be
necessary for finding poisonous mushrooms.

Our data suggest that, compared with adults, young
children-younger than 5 years-have more than twice
the risk of being admitted to a hospital for eating a poi-
sonous mushroom. One scenario may entail an unsuper-

vised or poorly supervised child playing outdoors and
eating a mushroom he or she pulls from the ground. In a

survey of the American Association of Poison Control
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Center's 1989 National Data Collection System, it was
found that 81% of reported cases of mushroom expo-
sures occurred in those younger than 6 years." Another
explanation may be metabolic differences, with children
being more vulnerable to mushroom toxins than adults.
In addition, clinicians may be more apt to admit children
to a hospital for the intravenous treatment of excessive
fluid and electrolyte loss through vomiting and diarrhea,
whereas adults are more likely to be discharged with
instructions to increase their oral intake of fluids.

Poisonings have been reported to occur when immi-
grants coming from areas where only edible mushrooms
exist encounter a poisonous look-alike in their new com-
munity.4 We had heard this story in reference to Asian
communities who forage for wild mushrooms for sub-
sistence. But our data do not reflect an increased preva-
lence of admissions for mushroom poisoning for any
racial group. The lack of an elevation of risk in any eth-
nic community would seem to lessen the need for
increased education targeted toward a specific racial
group. This suggestion should be tempered with the
understanding that our data may be limited because
immigrant groups may also be less likely to seek care,
despite becoming ill after eating toxic mushrooms, as
the brief report of the farmworker in the initial paragraph
illustrates.

The duration of hospital stays was short (<4 days) in
most cases, reflecting the generally favorable prognosis
after eating toxic mushrooms. Mushrooms produce dif-
ferent types of poisoning-that is, gastrointestinal irrita-
tion from unknown toxins; perspiration and lacrimation
by muscarine; hallucinations from psilocybin; headache,
sweating, and palpitations from coprine; and hepatotoxi-
city from amatoxin-that are called mycetisms.2'3 The
overwhelming majority of patients with poisonous inges-
tions have a good prognosis, and the only treatment need-
ed is inducing emesis and supportive care (hydration).
The ingestion of mushrooms containing amatoxin
(species of Amanita, Galerina, and Lepiota), however, is
the exception to this rule. Of these, the most lethal is
Amanita phalloides, which has been estimated to cause
90% to 95% of all mushroom poisoning deaths."2 Eating
a single mushroom weighing about 50 grams (containing
5 mg of toxin) is potentially lethal.2 Whereas most of the
reported cases of A phalloides poisoning have occurred
in Europe, cases have increasingly been reported in the
United States, especially on the West Coast.' Amanita
mushrooms flourish from late summer to fall in temper-
ate zones, have a proclivity for oak trees, and may grow
on urban lawns. Amanita phalloides are large mush-
rooms, look appetizing, have no offensive taste to warn
of their danger, and can be mistaken as an edible species,
especially by amateur mycologists."'1'4 Because of the
unusually warm weather in northern California during
fall and winter in 1995 and 1996, fruiting A phalloides
mushrooms were observed well past their normal season.

Amatoxins are heat-stable, cyclic octapeptides that
preferentially affect rapidly dividing cells of the liver
and gastrointestinal tract. Kidney, pancreatic, testicular,

and lymphocytic cells are also affected. Amatoxins
interfere with DNA transcription by inhibiting the syn-
thesis of messenger RNA. Protein synthesis is disrupted,
resulting in cell necrosis and death. Studies in dogs have
shown that urinary elimination of this toxin is rapid,
with 90% of an administered dose being eliminated
within five hours. Hepatic uptake occurs through the bile
salt transport system. There is substantial biliary excre-
tion with an enterohepatic recirculation of toxin."'5

The onset of symptoms is the most helpful clue as to
whether A phalloides poisoning has occurred. Poisoning
should be presumed to be due to amatoxin if there is a
latency period of 6 to 24 hours following ingestion
(mean, 10 to 12 hours), in contrast to an earlier onset for
other mushroom poisonings. The gastrointestinal phase
follows the latent period and is characterized by crampy
abdominal pain, nausea, vomiting, and profuse watery
diarrhea. This phase generally lasts for 12 to 24 hours
and can be complicated by severe dehydration and elec-
trolyte disturbances. Another latent period ensues at this
point in which the patient feels better, but clinical mea-
sures usually show evidence of hepatic injury. Finally,
the hepatic phase begins 48 to 96 hours after ingestion
and is heralded by rising aminotransferase levels, coag-
ulopathy, and jaundice. Encephalopathy, renal failure,
and death from liver failure may ensue within two
weeks." ,26

Formerly, fatality rates of more than 50% were com-
mon following the ingestion of A phalloides. Improved
treatment procedures, aggressive management, and the
development of liver transplantation have reduced the
overall death rate to about 20%. The amount of mush-
room ingested is the main prognostic indicator. Thus
prompt intervention-gastric lavage and emesis-may
have an important effect on limiting the amount of toxin
absorbed and reducing mortality.'5

The general principles for the treatment of amatoxin
poisoning call for prompt and aggressive measures to
reduce amatoxin absorption. Because removing even the
smallest amount of amatoxin may improve the prognosis,
inducing vomiting and gastric lavage with activated char-
coal are recommended to remove any unabsorbed toxin
from the gastrointestinal tract and to interrupt the entero-
hepatic cycle.'z'3 Extensive fluid loss from vomiting and
diarrhea require aggressive rehydration with intravenous
fluids."'3 In addition, because most of the amatoxin is
excreted in large quantities in the urine during the first
days following ingestion, it is imperative to maintain an
adequate diuresis (100 to 200 ml per hour).' The value of
extracorporeal techniques such as hemoperfusion and
dialysis is limited unless they are used sooner than 36
hours after ingestion.' This may be due to the rapid elim-
ination of amatoxin from plasma, usually before 48
hours.'7 Finally, although there is no specific antidote for
amatoxin, the intravenous administration of high doses of
penicillin and silibinin (the active ingredient in milk
thistle) is recommended, as it is thought that they com-
petitively inhibit amatoxin uptake by hepatocytes.",2"15 It is
essential to consult with a poison control center and liver
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transplantation unit early in the management of a patient
with serious mushroom poisoning because hepatic failure
can progress rapidly and organ procurement may require
several days.' In our study, monitoring and gastric lavage
were the primary procedures reported. This suggests that
observation and symptomatic treatment were typically all
that was required in these cases, again emphasizing the
relatively favorable prognosis in most cases of poisonous
mushroom ingestion. In addition, no liver transplanta-
tions were done for mushroom poisoning during the 1990
through 1994 time period.

Conclusion
The hunting and eating of wild mushrooms are

increasing in popularity throughout the United States.
Although most mushroom species are safe to eat, expert
knowledge is essential to avoid the small risk of death
and disability from mushroom toxins. Undersupervised
young children are particularly at risk of suffering
adverse effects from the ingestion of poisonous mush-
rooms. Parents should be warned explicitly about allow-
ing unsupervised children free rein of their backyards,
where mushrooms may be growing. Ethnic communities
should be encouraged to seek information and assistance
from local health authorities and mycologic societies
about wild mushroom picking. In addition, clinicians
should be aware of the possibility that eating a wild
mushroom may be fatal, especially if symptoms begin
after a six-hour latent period. Furthermore, because sev-
eral types of mushrooms may grow near each other or be
consumed together, the presence of early symptoms
should not rule out the possibility of more serious poi-
soning. Finally, if amatoxin poisoning is suspected,
prompt and aggressive treatment should be instituted,
with arrangements for early consultation to a liver trans-
plantation unit. Our study showed that in California,

'serious" mushroom poisoning has a generally favorable
prognosis if the patient reaches a hospital. It is up to
public health officials, mycologic societies, and enthusi-
asts to provide education and expert knowledge to
reduce the number of "accidental" ingestions of toxic
mushrooms.
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