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Abstract

Accidental consumption of poisonous species of wild mushrooms may have tragic consequences. Rapid and reliable differential
diagnosis in cases of accidental consumption enables ascertainment of whether Amanita phalloides poisoning has occurred and
hence early implementation of treatment, before liver and kidney failure occur. The aim of the study was to show the usefulness
of amanitin determination in the diagnosis and treatment of patients with suspected poisoning by these mushrooms. The medical
histories of patients with suspected poisoning treated at the Toxicology Clinic, Collegium Medicum, Jagiellonian University in
Krakow (KT CM UJ) in the years 2007-2009 were analysed. Amanitins in urine were determined by the ELISA method, making
use of reagents produced by Bithlmann. Amanitin determination was performed on 55 patients, of whom 28 were admitted to
KT CM Ul. In 14 cases, phalloides syndrome was diagnosed. In this group, the result of amanitin determination was positive in
11 patients (>5 ng/ml). A negative (<1.5 ng/ml) and doubtful result (1.5-5 ng/ml) was ascertained in patients with a diagnosis of
gastritis, gallstones (cholelithiasis), and also after consumption of Amanita, when urine was collected for analysis longer than
48 hours after consumption of mushrooms. Determination of amanitin in urine allowed us to distinguish phalloides syndrome
from nonspecific gastroenteritis. Quick commencement of treatment contributed to a better prognosis for poisoned patients.
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1. Introduction

Poisoning by forest mushrooms constitutes a sig-
nificant problem in Poland during the summer-autumn
season [14, 25]. Out of many species of poisonous
mushrooms, the most dangerous are: the death cap
(Amanita phalloides), the fool’s mushroom (4dmanita
verna) and the European destroying angel (4dmanita
virosa). Poisoning by these mushrooms carries a high
mortality rate, since (specific) symptoms of poisoning
occur late, usually when irreversible liver damage has
already occurred, whereas initial symptoms are usu-

ally nonspecific — in the form of gastroenteritis. The
mentioned species of mushrooms contain amatoxins
(bicyclic octapeptides, which are rapidly absorbed
through the gastrointestinal tract and cause damage to
cells of the liver, kidneys and pancreas), phallotoxins
(bicyclic heptapeptides, which are poorly absorbed
through the gastrointestinal tract and irritate the mu-
cous membrane of the gastrointestinal tract) and also
virotoxins (monocyclic heptapeptides of undefined
toxicity) [22]. Amatoxins include a-, -, y-, - and
g-amanitin, amanin, amaninamide, amanullin, amanul-
linic acid and proamanullin. These are compounds of
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molecular weight of approx. 900, of which the best
known are a-, B- and y-amanitin. Their structural for-
mulae are shown in Figure 1 [15]. The presence of
o-, B- and y-amanitin has been confirmed in 9 species
of Amanita and also in 24 species of Lepiota and 9 spe-
cies of Galerina 3,7, 15, 19, 22, 23]. The percentage
of a-, B- and y-amanitin in the sporocarp (fruiting
body) of Amanita phalloides is respectively 43%, 49%
and 8% [27]. The content of amatoxin in mushrooms
depends on the species of mushroom, the conditions in
which it grows (e.g. soil type) and degree of develop-
ment of the sporocarp (immature ones contain less tox-
ins) [7, 29]. The distribution of amatoxins in mushrooms
is uneven. The cap, hymenophore and ring contain the
most amanitins, whilst the stem and volva mainly con-
tain phallotoxins [7].

A

Fig 1. Structure of a-amanitin (A), B-amanitin (B) and
y-amanitin (C).

A toxic dose of amanitin is 5—15 mg, which corre-
sponds to 1 Amanita phalloides sporocarp, 15-20 spo-
rocarps of Galerina species or 30 Lepiota species.

A lethal dose of amanitin for an adult person is about
0.1 mg/kg body mass [15, 22].

Amanitins have a toxic effect on cells of paren-
chymal organs by binding to RNA polymerase II,
which leads to impaired protein synthesis and cell
death [2, 12, 15, 30]. Amanitins are excreted by the
kidneys and can be detected in urine 3—4 hours after
eating Amanita; in the blood they can be detected only
in the first 24 hours due to the short biological half-life
Ti, = 2-3 h [12]. The concentration of amanitins in
body fluids (serum, urine) depends on the length of
time that has passed between consumption of mush-
rooms and collection of material.

Due to a lack of specific symptoms in the early
stage of poisoning, diagnosis is usually based on a med-
ical interview and results of biochemical tests. Infor-
mation such as the species of consumed mushrooms
and the time that elapsed between consumption and
occurrence of first symptoms is important. During
the first 24 hours and at the beginning of the second
24 hours, biochemical parameters (alanine aminotrans-
ferase — ALT, asparagine aminotransferase — AST, bil-
irubin, ammonia and clotting factors) do not usually
deviate from the norm, and their build-up occurs over
time, correlating with a worsening clinical state of the
patient. Toxicological determinations enable early dif-
ferential diagnosis. In this case, mycological analysis
of vomit or stomach rinsings with the aim of identify-
ing fungal spores is ordered. Determination of the con-
centration of amanitins in body fluids is also possible
[1, 23]. Amanitins can be determined by chromato-
graphic methods such as high performance liquid chro-
matography (HPLC) [6, 7, 13, 18, 28], high performance
liquid chromatography coupled with electrochemical
detection (HPLC-ECD) [5], liquid chromatography
with mass detection (LC-MS, LC-MS-MS) [9, 16, 17];
by capillary electrophoresis methods (CE): capillary
electrophoresis with mass detection (CE-MS) [23, 24],
capillary electrophoresis with diode detection
(CE-DAD) [3] and also by immunological methods:
radioimmunoassay (RIA) [3] and enzyme-linked im-
munosorbent assay (ELISA) [1, 20]. Liquid chroma-
tography and capillary electrophoresis enable deter-
mination of a-, B- and y-amanitins and certain phal-
lotoxins (phalloidin, phallacidin) in body fluids and in
tissues of mushrooms. These methods are usually un-
available in medical laboratories, and the long dura-
tion of the determinations stemming from the neces-
sity to extract biological material makes it more diffi-
cult to apply them in quick diagnosis of acute poison-
ings. Immunological methods (RIA and ELISA) enable
determination of o- and also y-amanitin in body fluids
without the necessity of performing extraction. The
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RIA method is based on the reaction of amanitins with
labelled antibodies '*°T and for this reason is performed
only in laboratories adapted to work with isotopes
[15]. ELISA is a method that is universally applied in
medical laboratories. This method makes use of the
enzymatic reaction of amanitins, which compete with
labelled antigens to bind with antibodies that have
been immobilized on the surface of the dish [1, 15].

However, the usefulness of determining amanitins
is still in doubt. The literature presenting experiences
of acute intoxication centres in Poland in the process
of diagnosing patients poisoned with mushrooms mainly
concerns identification of fungal spores [14, 25].
However, determination of amanitins may turn out to
be unusually important in situations where there is
a suspicion of poisoning by amatoxins from Amanita
phalloides (death cap). Patients’ prognosis depends on
the time that has elapsed from consumption of mush-
rooms to commencement of hospitalisation. Shorten-
ing the time of waiting for diagnosis may affect the
success of the treatment, and delaying the start of ther-
apy increases the risk of occurrence of organ damage
and is linked with high mortality [14, 21, 30].

The aim of the study was to determine the useful-
ness of the ELISA method in the determination of
amanitin in the process of diagnosing and treating pa-
tients suspected of having been poisoned by Amanita
phalloides.

2. Materials and methods

The medical histories of patients treated for mush-
room poisoning in the Toxicology Clinic of Collegium
Medicum, Jagiellonian University (KT CM UlJ) and
also data from the Workshop of Analytical Toxicology
and Monitored Therapy of Collegium Medicum, Ja-
giellonian University (PTAITM CM UJ) from the years
2007-2009 were analysed. Amanitin was determined
in urine and blood samples collected when patients
were admitted to hospital.

Amanitin was determined by the ELISA method.
Reagents manufactured by Bithlmann were used. The
specificity of the method is: 100% for a-amanitin,
90% for y-amanitin and also 0.1% for - and g-ama-
nitin. Validation parameters of the method of analys-
ing urine, provided by the manufacturer of the test:
range of calibration 1-100 ng/ml; sensitivity 0.22 ng/ml;
precision: repeatability in series 6.3%, repeatability
between series 7.3%; recovery 99.9%. In accordance
with the test producer’s recommendations, a concen-
tration of 1.5 ng/ml was assumed as the cut-off value.
Concentrations of amanitins in the range 1.5-5 ng/ml

were interpreted as doubtful results (for further diag-
nosis and observation of patients). Amanitin results
above 5 ng/ml were interpreted as positive (confirma-
tion of consumption of poisonous species of Amanita).

3. Results

In the years 2007-2009 at PTAITM CM UJ, ama-
nitins were determined in 55 patients suspected of poi-
soning by Amanita phalloides. In particular years, the
number of patients was: 2007 — 13, 2008 — 23, 2009 —
19. On the basis of the interview, the clinical state and
also results of toxicological determinations (concen-
tration of amanitins, identification of fungal spores),
28 persons suffering from mushroom poisoning were
admitted to the KT CM UJ in the studied period. Three
patients were admitted to the KT CM UJ on the basis
of a positive result of mycological determinations car-
ried out in referring hospitals. In two of them, determi-
nation of amanitins and clinical observation allowed
ruling out of poisoning by Amanita phalloides. In ac-
cordance with data obtained from the interviews, in the
hospitalised group, the most frequently consumed mush-
rooms were Russula (46%), the parasol mushroom
(Macrolepiota procera) (25%), field mushroom
(Agaricus arvensis) (7%), and in individual cases —
honey mushrooms (Armillariella mellea) and the saf-
fron milk cap (Lactarius deliciosus). In 4 cases, it was
not possible to establish the species of mushroom, but
they had a lamellate hymenophore. Data obtained from
interviews concerning the type of consumed mush-
rooms, information concerning the time that had elapsed
from consumption of mushrooms to performing of tox-
icological analyses, results of amanitin determinations
and also final diagnoses are presented in Table 1.

Amanitin was determined in urine in all patients,
and it was also determined in the serum of four patients
who had come to hospital during the first 24 hours af-
ter consumption of mushrooms. In 12 cases (43%), re-
sults of determination of amanitins in urine were
negative, in 1 case the result was doubtful (clinical ob-
servation allowed poisoning to be ruled out). In the re-
maining 14 cases (50%), the presence of amanitins at
a concentration of >5 ng/ml correlated with diagnosis
of phalloides syndrome. Only in one case — when de-
termination was carried out on the 8" day after con-
sumption of mushrooms — was phalloides syndrome
diagnosed in the absence of amanitin in urine. In one
case, obtaining of a negative result of determination
ruled out Amanita phalloides poisoning and pointed to
the necessity to broaden the diagnostic procedure (bot-
ulism was diagnosed).
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TABLE I. MUSHROOM INTOXICATION HISTORY, AMANITIN CONCENTRATION IN URINE AND SERUM, AND FINAL

DIAGNOSIS OF PATIENTS HOSPITALIZED AT THE DEPARTMENT OF TOXICOLOGY OF COLLEGIUM
MEDICUM, JAGIELLONIAN UNIVERSITY IN KRAKOW IN 2007-2009

No. Species of consumed Time from mush- Amanitin concen- Diagnosis
mushrooms room consumption  tration [ng/ml]
(data from patients’ to first gastric S Uri
histories) symptoms [h] erum rine
1 Russula species 23 >5 Amanita phalloides syndrome
2 Agaricus arvensis 52 <1.5 Amanita phalloides syndrome
3 Agaricus arvensis 36 >5 Amanita phalloides syndrome
4 Russula species >60 <1.5 Amanita phalloides syndrome
5 Craterellus cornucopioides 22 <1.5 Gastritis
6 Russula species 11 <1.5 Gastritis
7 Gill-bearing hymenophores 24 <1.5 >10 High degree Amanita phalloides
mushrooms syndrome
8 Gill-bearing hymenophore 24 >10 Medium degree Amanita phalloides
mushrooms syndrome
9 Macrolepiota procera 24 <1.5 >10 High degree Amanita phalloides
syndrome
10  Macrolepiota procera 24 <1.5 >10 High degree Amanita phalloides
syndrome
11 Gill-bearing hymenophore 45 >5 High degree Amanita phalloides
mushrooms syndrome
12 Russula species 46 1.5-5  High degree Amanita phalloides
syndrome
13 Lactarius deliciosus 24 <1.5 Gastritis
14 Gill-bearing hymenophore 24 <1.5 Botulism
mushrooms
15 Russula species 9 >10 Amanita phalloides syndrome
16 Russula species 15 <1.5 <1.5 Gastritis
17 Russula species, 32 >10 Medium degree Amanita phalloides
Macrolepiota procera syndrome
18  Macrolepiota procera 24 <1.5 Gastritis
19  Macrolepiota procera 22 <1.5 Gastritis
20 Macrolepiota procera 25 <1.5 Gastritis
21 Macrolepiota procera 29 <1.5 Gastritis
22 Armillariella mellea 48 1.5-5  Gastritis
23 Russula species, 48 1.5 Gastritis
Macrolepiota procera
24 Russula species 24 <1.5 Gastritis
25 Russula species 50 5-10 Amanita phalloides syndrome
26 Russula species 50 >10 High degree Amanita phalloides
syndrome
27  Russula species 78 1.5-5  Cholelithiasis
28  Russula species 50 1.5-5  Gastritis
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Results of determinations of amanitins were high-
est (from 10 to >100 ng/ml) in patients poisoned by
Amanita phalloides from whom urine was collected
for analysis during the first (24 h) day following con-
sumption of mushrooms. In patients with diagnosed
phalloides syndrome who were accepted on the second
day, concentrations of amanitin varied between 5.8 ng/ml
and 54 ng/ml. On the third and successive days, the
concentrations of aminitin in patients with phalloides
syndrome did not differ from levels ascertained in pa-
tients with other diagnoses (gastritis, cholelithiasis).

The clinical usefulness of determining amanitins in
blood serum was not demonstrated. All results of de-
terminations of amanitins in blood serum were nega-
tive, including amongst patients with a diagnosis of
severe phalloides syndrome (Table I).

Assessment of the degree of severity of Amanita
phalloides poisoning was based on the PSS (poisoning
severity score) scale. Severe (high degree) poisoning
was diagnosed in the case of increase in activity of ALT
and AST enzymes exceeding the norm by 50 times
(normal levels of ALT: 5-40 U/l, normal levels of
AST: 5-40 U/]) or increase in activity of biochemical
factors, such as clotting factors, ammonia and clinical
symptoms of liver failure. Medium severity poisoning
was diagnosed in the case of increase of activity of
AST and ALT enzymes by 5 to 50 times above the
norm (but without disturbances of biochemical factors
such as clotting indicators and ammonia). In 12 hospi-
talised patients, in whom the level of amanitins in
urine exceeded 5 ng/ml, additional treatment in the
form of Legalon (Silibinin) was administered. In most
cases, a concentration of amanitins in urine above
10 ng/ml was linked with diagnosis of severe phal-
loides syndrome. Due to progressive liver damage,
three persons were referred to transplant centres for
liver transplants. Two amongst the 28 treated patients
died. The deaths related to persons who had been ad-
mitted to KT CM UJ a long time (exceeding 3 days) af-
ter consumption of mushrooms.

4. Discussion

Liquid chromatography and capillary electropho-
resis enable determination of amatoxins and phallo-
toxins contained in poisonous species of mushrooms.
The advantage of these methods is the possibility of
differentiating between particular forms of amanitins
and certain phallotoxins and also the low limit of de-
tection (LOD). According to literature data, LOD val-
ues for amanitins are from 2 to 10 ng/ml for HPLC [7,
13, 28]; from 1.5 to 100 ng/ml for CE [3, 23, 24]; from

0.26 to 2.5 ng/ml for LC-MS and LC-MS-MS methods
[9, 17]. Unfortunately the usefulness of the mentioned
methods is limited due to the time-consuming nature
of the procedures (the necessity to extract studied sam-
ples), and also the lack of access to specialised measur-
ing apparatus.

The ELISA method used in the above work en-
abled summary determination of o- and y-amanitin
subtypes. ELISA is a method that is available in many
medical laboratories, does not require preliminary ex-
traction of the studied material, is rapid and therefore
very useful in diagnosis of patients. The cut-off value
recommended by the producer is 1.5 ng/ml, which
means that this is a method that is sufficiently sensitive
to determine amanitin in urine.

Amanitins were detected in fruiting bodies of Ama-
nita phalloides, amongst which the o, § and y forms
dominated [22, 27]. The ELISA method, which is spe-
cific only in relation to o- and y-amanitins, worked
well in the diagnosis of patients poisoned by mush-
rooms. Lack of specificity in relation to B-amanitin did
not affect the usefulness of the applied method, and re-
sults of determinations correlated with medical diag-
noses. Experience showed that mycological analyses
were less reliable, did not allow the unambiguous rul-
ing out or confirmation of consumption of poisonous
species of mushrooms. Besides, examination of mush-
room spores requires great experience and often verifi-
cation by two people, which may lengthen the time of
waiting for a result [14, 26]. In 3 cases in referring hos-
pitals, stomach rinsings of patients poisoned by mush-
rooms were analysed for the presence of Amanita
spores and a decision to refer patients to KT UJ CM
was taken on the basis of positive results. Only in one
case did verification of the mycological result on the
basis of determination of amanitins and also the clini-
cal course of the poisoning confirm a diagnosis of
phalloides syndrome. However, mycological determi-
nation has considerable value when examining uncon-
sumed mushrooms (fresh, dried and processed ones),
which is helpful when diagnosing poisoning not only
by cytotoxic mushrooms (Amanita phalloides, Ama-
nita virosa, Amanita verna), but also by neurotoxic
and hallucinogenic ones and ones that cause only gas-
tric symptoms [ 14, 26].

Both the patient interview and the time of occur-
rence of first gastrointestinal symptoms have consider-
able significance in the diagnosis of phalloides syn-
drome. Mushrooms such as Russula, parasol mush-
rooms, field mushrooms and honey mushrooms have
most frequently been confused with poisonous species
of Amanita, which is confirmed by reports from other
centres [ 14]. Another factor influencing prognosis was
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the long latency period of intoxication (6 to 12 h). The
lack of significant changes in biochemical parameters
in this period could be misleading, and delaying imple-
mentation of toxicological tests could lead to making
later interpretation of results more difficult. Some au-
thors suggest limiting the time period within which it
is useful to collect a urine sample for amanitin determi-
nation to 35 hours from the time of consumption of
mushrooms [4, 11]. At the end of the second (24 h) day
after consumption of mushrooms, determination of
amanitin in urine by the ELISA method indeed ceased
to be justifiable. Concentrations of amanitin in urine of
patients in whom phalloides syndrome was diagnosed
were higher the earlier that urine was collected for
analysis. Ascertainment of the presence of amanitin in
urine in all cases was equivalent to diagnosis of phal-
loides syndrome. However, application of the ELISA
method to determination of amanitin in blood serum
did not enable diagnosis of poisoning due to the very
rapid elimination of toxins [10, 12].

Analysing retrospective data from the interview,
the clinical course and toxicological determinations, it
can be stated that determination of amanitins in urine
by the ELISA method is a reliable test that enables
prognosis of the course of poisoning. Results of deter-
minations were taken into account when making deci-
sions about undertaking treatment with Legalon, when
it had significant importance, i.e. up to 48 hours from
the moment of consumption of mushrooms. The prog-
nosis usually depended on the moment of commencing
specific treatment and was most beneficial in the case
of commencing hospitalisation on the first or second
day. Fatal poisonings usually concerned patients ad-
mitted on the third and following days from the mo-
ment of consuming Amanita phalloides.

5. Conclusions

1. The ELISA method is a suitable method for sum-
mary determination of subtypes o.- and y-amanitin
for the purposes of diagnosis of patients poisoned
by mushrooms.

2. Mycological examination of stomach rinsings is
a form of analysis that is burdened by high error
and has limited diagnostic value.

3. Determination of amanitins in urine in a period up
to 48 hours from consumption of mushrooms is re-
liable, allowing prognosis of the course of poison-
ing and indicating the usefulness of undertaken
treatment.
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OCENA WARTOSCI DIAGNOSTYCZNEJ OZNACZANIA AMANITYN
ZA POMOCA METODY IMMUNOENZYMOSORBCYJNEJ (ELISA)

1. Wstep

Zatrucia grzybami leSnymi stanowig w Polsce w okre-
sie letnio-jesiennym istotny problem [14, 25]. Z wielu
gatunkow grzybow trujacych najgrozniejsze sga: mucho-
mor sromotnikowy (4dmanita phalloides), wiosenny (Ama-
nita verna) i jadowity (Amanita virosa). Zatrucie nimi
obarczone jest duza Smiertelnoscia, poniewaz objawy za-
trucia wystepuja pozno, zazwyczaj gdy doszto juz do nie-
odwracalnego uszkodzenia watroby, a poczatkowe do-
legliwosci sa zwykle niespecyficzne 1 przybieraja postaé
niezytu zotadkowo-jelitowego. Wymienione gatunki mu-
chomorow zawierajg amatoksyny (bicykliczne oktapep-
tydy, ktore szybko wchtlaniajg si¢ z przewodu pokar-
mowego i powoduja uszkodzenie komoérek watroby, ne-
rek oraz trzustki), fallotoksyny (bicykliczne heptapepty-
dy, ktore stabo wchtaniajg si¢ z przewodu pokarmowego
i dziatajg draznigco na blong $luzowa przewodu pokar-
mowego) oraz wirotoksyny (monocykliczne heptapepty-
dy o nieokreslonej toksyczno$ci) [22]. Do amatoksyn
zalicza si¢ a-, -, Y-, 6-, e-amanityng, amaning, amanina-
mid, amanuling, kwas amanulinowy i proamanuling. Sg
to zwigzki o masie czasteczkowej ok. 900, z ktorych naj-
lepiej poznano a-, B- i y-amanityng. Ich wzory struktural-
ne przedstawia rycina 1 [15]. Obecno$¢ a-, B-, i y-ama-
nityny potwierdzono w 9 gatunkach Amanita sp. a takze
w 24 gatunkach Lepiota sp. oraz 9 gatunkach Galerina
species [3, 7, 15, 19, 22, 23]. Procentowy udziat a-, -,
y-amanityny w owocniku Amanita phaloides wynosi od-
powiednio 43%, 49% i1 8% [27]. Zawarto$¢ amatoksyn
w grzybach zalezy od gatunku grzyba, warunkoéw jego
wzrostu (np. rodzaju gleby) i stopnia rozwoju owocnika
(niedojrzale zawieraja mniej toksyn) [7, 29]. Rozktad
amatoksyn w grzybach jest nierownomierny. Najwigcej
amanityn zawierajg kapelusz, hymenofor i pierscien
grzyba, natomiast trzon i pochwa zawierajg gldwnie fal-
lotoksyny [7].

Dawka toksyczna amanityn wynosi 5-15 mg, co od-
powiada 1 owocnikowi Amanita phalloides, 15-20 owoc-
nikom Galerina species lub 30 Lepiota species. Dawka
$miertelna amanityn dla osoby dorostej wynosi ok.
0,1 mg/kg m.c. [15, 22].

Amanityny dzialajg toksycznie na komorki narzadow
migzszowych przez wigzanie si¢ z polimeraza RNA 11, co
prowadzi do upos$ledzenia syntezy biatek i $mierci kom-
orek [2, 12, 15, 30]. Amanityny wydalane sa droga ner-
kowa 1 mozna je wykry¢ w moczu juz po 3—4 h od
zjedzenia muchomora; w krwi moga by¢ wykryte tylko
w pierwszej dobie ze wzgledu na krotki biologiczny

okres pottrwania Ty, = 2-3 h [12]. Stezenia amanityn
w plynach ustrojowych (surowica, mocz) zalezy od czasu,
jaki mingt od spozycia grzybow do pobrania materiatu.

Z powodu braku specyficznych objawow w poczat-
kowym okresie zatrucia grzybami, rozpoznanie zwykle
opiera si¢ na wywiadzie lekarskim i wynikach badan bio-
chemicznych. Istotne sg takie informacje, jak gatunek
spozytych grzybow oraz czas, jaki mingt od spozycia do
wystapienia pierwszych objawoéw. W pierwszej i na po-
czatku drugiej doby parametry biochemiczne (amino-
transferaza alaninowa— ALT, aminotransferaza asparagi-
nianowa — AST, bilirubina, amoniak, parametry krzep-
nigcia) zwykle nie odbiegajg od normy, a ich narastanie
nastgpuje w miar¢ uptywu czasu, korelujac z pogarsza-
jacym si¢ stanem klinicznym pacjenta. Wczesng diag-
nostyke réznicowa umozliwiaja badania toksykologicz-
ne. W tym wypadku zlecana jest analiza mikologiczna
wymiocin badz poptuczyn zotagdkowych w celu identyfi-
kacji zarodnikow grzybow. Mozliwe jest tez oznaczenie
amanityn w plynach ustrojowych [1, 23]. Amanityny
mozna oznacza¢ metodami chromatograficznymi, do kto-
rych nalezy wysokosprawna chromatografia cieczowa
(HPLC) [6, 7, 13, 18, 28], wysokosprawna chromatogra-
fia cieczowa z detekcja elektrochemiczng (HPLC-ECD)
[5], chromatografia cieczowa z detekcja mas (LC-MS,
LC-MS-MS) [9, 16, 17]; metodami elektroforezy kapi-
larnej (CE): elektroforeza kapilarna z detekcja mas
(CE-MS) [23, 24], elektroforeza kapilarna z detekcja dio-
dowa (CE-DAD) [3] oraz metodami immunologicznymi:
radioimmunologiczng (RIA) [3] i immunoenzymosorb-
cyjng (ELISA) [1, 20]. Chromatografia cieczowa i elek-
troforeza kapilarna umozliwiaja oznaczanie a-, 3-, y-ama-
nityn i niektérych fallotoksyn (falloidyna, fallacydyna)
w plynach ustrojowych oraz w tkankach grzybow. Me-
tody te sa zwykle niedostepne w laboratoriach medycz-
nych, a czasochlonno$¢ oznaczenia wynikajaca z koniecz-
nosci ekstrakcji materiatu biologicznego utrudnia ich sto-
sowanie w szybkiej diagnostyce ostrych zatrué¢. Metody
immunologiczne (RIA, ELISA) umozliwiajg oznaczanie
o~ oraz y-amanityny w ptynach ustrojowych bez koniecz-
nosci prowadzenia ekstrakcji. Metoda RIA opiera si¢ na
reakcji amanityn z przeciwcialami znakowanymi '*I
i z tego wzgledu wykonywana jest tylko w laboratoriach
przystosowanych do pracy z izotopami [15]. ELISA to
metoda powszechnie stosowana w laboratoriach medycz-
nych. W metodzie tej wykorzystana jest enzymatyczna
reakcja amanityn, ktére na zasadzie kompetycji ze zna-
kowanymi antygenami rywalizuja o wigzania z przeciw-
cialami unieruchomionymi na podtozu ptytki [1, 15].
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Przydatno$¢ oznaczania amanityn ciagle jednak budzi
watpliwosci. Literatura przedstawiajaca doSwiadczenia
os$rodkow ostrych zatru¢ w Polsce w procesie diagnozo-
wania pacjentéw zatrutych grzybami dotyczy gléwnie
identyfikacji zarodnikow grzybow [14, 25]. Jednak ozna-
czenie amanityn moze okazac si¢ niezwykle wazne w sy-
tuacjach, gdy istnieje podejrzenie zatrucia amatoksynami
muchomora sromotnikowego. Rokowanie pacjentow za-
lezy od czasu, jaki minat od spozycia grzyboéw do roz-
poczgcia hospitalizacji. Skrocenie czasu oczekiwania na
diagnoz¢ moze wptynac na skutecznos$¢ leczenia, a op6z-
nienie rozpoczgcia terapii zwigksza ryzyko wystapienia
uszkodzen narzadowych i wiaze si¢ z duza Smiertelnoscia
[14, 21, 30].

Celem pracy byto okreslenie przydatnos$ci metody
ELISA do oznaczania amanityn w procesie diagnozowa-
nia i leczenia pacjentéw podejrzanych o zatrucie mu-
chomorem sromotnikowym.

2. Material i metody

Przeanalizowano historie chordb pacjentow leczonych
zpowodu zatrucia grzybami w Klinice Toksykologii Col-
legium Medicum Uniwersytetu Jagiellonskiego (KT CM
UJ) oraz dane Pracowni Toksykologii Analitycznej i Te-
rapii Monitorowanej Collegium Medicum Uniwersytetu
Jagiellonskiego (PTAITM CM UJ) z lat 2007-2009. Ma-
teriat do oznaczen amanityn stanowily proby moczu
i krwi pobrane przy przyjeciu pacjentow do szpitala.

Amanityny oznaczano metoda ELISA. Korzystano
z odczynnikéw firmy Bithlmann. Specyficznos¢ metody
wynosi: 100% dla o-amanityny, 90% dla y-amanityny
oraz 0,1% dla B- i e-amanityny. Parametry walidacji me-
tody badania moczu podane przez producenta testu: za-
kres kalibracji 1-100 ng/ml; czutos¢ 0,22 ng/ml; pre-
cyzja: powtarzalno$¢ w serii 6,3%, powtarzalno$¢ mie-
dzy seriami 7,3%; odzysk 99,9%. Zgodnie z zaleceniem
producenta testow, za warto$¢ odcigcia przyjeto stezenie
1,5 ng/ml. St¢zenia amanityn w zakresie 1,5-5 ng/ml in-
terpretowano jako wyniki watpliwe (do dalszej diagno-
styki i obserwacji pacjenta). Wyniki amanityn powyzej
5 ng/ml interpretowano jako pozytywne (potwierdzenie
spozycia trujacych gatunkéw muchomora).

3. Wyniki

W latach 2007-2009 w PTAiTM CM UJ oznaczono
amanityny u 55 pacjentéw podejrzanych o zatrucie mu-
chomorem sromotnikowym. W poszczegdlnych latach
liczba pacjentéw wynosita: 2007 — 13, 2008 — 23, 2009 —
19. Na podstawie wywiadu, stanu klinicznego oraz wyni-
kow badan toksykologicznych (st¢zenie amanityn, iden-
tyfikacja zarodnikéw grzybow) do KT CM UJ przyjeto

w tym okresie 28 chorych zatrutych grzybami. Troje pa-
cjentow zostato przyjetych do KT CM UJ na podstawie
pozytywnego wyniku badan mikologicznych wykonanych
w szpitalach kierujacych. U dwojga z nich oznaczenie
amanityn oraz obserwacja kliniczna pozwolily na wy-
kluczenie zatrucia muchomorem sromotnikowym. Zgod-
nie z danymi uzyskanymi z wywiadu, w grupie hospi-
talizowanych najczgséciej spozywanymi grzybami miaty
by¢ gotabki (Russula species) (46%), kanie (Macrolepio-
ta procera) (25%), pieczarki polne (Agaricus arvensis)
(7%), w pojedynczych przypadkach — opienki (4drmilla-
riella mellea) 1 rydze (Lactarius deliciosus). W 4 przy-
padkach nie udato si¢ ustali¢ gatunku grzybow, ale miaty
one hymenofor blaszkowaty. Dane uzyskane z wywiadu
dotyczace rodzaju spozytych grzybow, informacje o cza-
sie, jaki minat od spozycia grzybow do wykonania badan
toksykologicznych, wyniki oznaczen amanityn oraz osta-
teczne rozpoznanie przedstawiono w tabeli 1.

U wszystkich pacjentdw oznaczono amanityny w mo-
czu, a u czworga pacjentow, ktorzy zglosili si¢ do szpitala
w pierwszej dobie od spozycia grzybow, oznaczono do-
datkowo amanityny w surowicy krwi. W 12 przypadkach
(43%) wyniki oznaczenia amanityn w moczu byly ujem-
ne, w 1 przypadku wynik byt watpliwy (tu obserwacja
kliniczna pozwolita na wykluczenie zatrucia). W pozo-
statych 14 przypadkach (50%) obecno$¢ amanityn w stgze-
niu >5 ng/ml korelowata z rozpoznaniem zespotu sro-
motnikowego. Tylko w jednym przypadku, gdy oznacze-
nie wykonano w 8 dobie od spozycia grzybow, rozpo-
znano zespot sromotnikowy przy nicobecno$ci amanityn
w moczu. W jednym przypadku uzyskanie ujemnego wy-
niku oznaczenia wykluczyto zatrucie muchomorem sro-
motnikowym 1 wskazato na konieczno$¢ poszerzenia
diagnostyki (rozpoznano botulizm).

Wyniki oznaczen amanityn byly najwyzsze (od 10
do >100 ng/ml) u pacjentdéw zatrutych muchomorem sro-
motnikowym, od ktérych mocz do badania pobrano
w pierwszej dobie od spozycia grzybow. U pacjentow
z rozpoznanym zespotem sromotnikowym, a przyjetych
w drugiej dobie, st¢zenia amanityny wahaty si¢ od
5,8 ng/ml do 54 ng/ml. W trzeciej i kolejnych dobach ste-
Zenia amanityny u pacjentéw z zespotem sromotniko-
wym nie roznity si¢ od poziomow stwierdzonych u cho-
rych z innym rozpoznaniem (niezyt, kamica zolciowa).

Nie wykazano przydatnosci klinicznej oznaczen ama-
nityn w surowicy krwi. Wszystkie wyniki oznaczen ama-
nityn w surowicy byly negatywne, réwniez u pacjentow
z rozpoznanym zespotem sromotnikowym ci¢zkiego stop-
nia (tabela I).

Ocene stopnia cigzkosci zatrucia muchomorem sro-
motnikowym oparto o skalg PSS (ang. poisoning severity
score). Zatrucie stopnia ciezkiego rozpoznawano w przy-
padku wzrostu aktywnos$ci enzyméw ALT i AST prze-
kraczajacych 50-krotnie norm¢ (norma ALT: 5-40 U/,
norma AST: 5-40 U/l) lub wzrostu aktywno$ci bioche-
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micznych czynnikéw, takich jak czynniki krzepniecia,
amoniak i kliniczne objawy niewydolnosci watroby. Za-
trucie sredniego stopnia ci¢zkos$ci rozpoznawano w przy-
padku wzrostu aktywnosci enzymoéw AST i ALT od 5 do
50 razy powyzej normy (ale bez zaburzen biochemicz-
nych czynnikoéw, takich jak wskazniki krzepnigcia i amo-
niak). U 12 hospitalizowanych pacjentdéw, u ktoérych po-
ziom amanityn w moczu przekraczal 5 ng/ml, wlaczono
leczenie w postaci infuzji Legalonu (Silibininy). W wigk-
szo$ci przypadkow stezenie amanityn w moczu powyzej
10 ng/ml taczyto si¢ z rozpoznaniem cig¢zkiego zespotu
sromotnikowego. Z uwagi na postgpujace uszkodzenie
watroby, trzy osoby zostaty skierowane do przeszczepu
tego organu do osrodkow transplantologii. Dwoje spo-
$rod 28 leczonych pacjentdw zmarto. Zgony dotyczyty
0sob, ktore zostaty przyjete do KT CM UJ po diugim
(przekraczajacym 3 doby) czasie od spozycia grzybow.

4. Omowienie

Chromatografia cieczowa i elektroforeza kapilarna
umozliwiaja oznaczanie amatoksyn i fallotoksyn zawar-
tych w trujacych gatunkach grzybow. Zaleta tych metod
jest mozliwos$¢ rozrdznienia poszczegdlnych form amani-
tyn 1 niektorych fallotoksyn oraz niska granica detekcji
(LOD). Wedtug danych literaturowych wartosci LOD dla
amanityn wynosza od 2 do 10 ng/ml dla HPLC [7, 13,
28]; od 1,5 do 100 ng/ml dla CE [3, 23, 24]; od 0,26 do
2,5 ng/ml dla metod LC-MS i LC-MS-MS [9, 17]. Nie-
stety przydatno$¢ wymienionych metod jest ograniczona
ze wzgledu na czasochlonno$¢ procedur (koniecznosé
ekstrakcji z badanych prob), a takze brak dostgpu w szpi-
talach do specjalistycznej aparatury pomiarowe;.

Zastosowana w powyzszej pracy metoda ELISA po-
zwala na sumaryczne oznaczanie podtypow o- i y-amani-
tyny. ELISA jest metoda dostepna w wielu laboratoriach
medycznych, nie wymaga wstepnej ekstrakcji materiatu
badanego, jest szybka i dlatego bardzo przydatna w diag-
nostyce pacjentow. Warto$¢ odcigcia zalecana przez pro-
ducenta wynosi 1,5 ng/ml, co oznacza, ze jest to metoda
wystarczajaco czuta do oznaczania amanityn w moczu.

W owocnikach Amanita phalloides wykryto amanity-
ny, wsrod ktorych dominujg formy a, B iy [22, 27]. Me-
toda ELISA, ktéra wykazuje specyficznos¢ tylko w sto-
sunku do o- i y-amanityny dobrze sprawdzita si¢ w diag-
nostyce pacjentdw zatrutych grzybami. Brak specyficz-
no$ci w stosunku do B-amanityny nie wptyneta na przy-
datnosc¢ zastosowanej metody, a wyniki oznaczen korelo-
waly z rozpoznaniem lekarskim. Do$wiadczenie wyka-
zato, ze badania mikologiczne byly mniej wiarygodne,
nie pozwalaly na jednoznaczne wykluczenie lub po-
twierdzenie spozycia trujacych gatunkow grzybow. Poza
tym badanie zarodnikéw grzyboéw wymaga duzego do-
$wiadczenia i czesto weryfikacji przez dwie osoby, co

moze wptywa¢ na wydluzenie czasu oczekiwania na wy-
nik [14, 26]. W 3 przypadkach w szpitalach kierujgcych
zbadano poptuczyny zotadkowe pacjentow zatrutych grzy-
bami w kierunku obecnosci zarodnikoéw muchomora i de-
cyzje o skierowaniu do KT UJ CM podjeto na podstawie
wynikoéw pozytywnych. Tylko w jednym przypadku we-
ryfikacja wyniku mikologicznego w oparciu o oznacze-
nie amanityn, jak rowniez przebieg kliniczny zatrucia,
potwierdzita rozpoznanie zespolu sromotnikowego.
Oznaczenie mikologiczne ma z kolei duza wartos¢ przy
badaniu niespozytych grzybow ($wiezych, suszonych,
przetworzonych), co jest pomocne przy diagnozowaniu
zatrucia nie tylko grzybami cytotoksycznymi (Amanita
phalloides, Amanita virosa, Amanita verna), ale tez neu-
rotoksycznymi, halucynogennymi i wywotujacymi jedy-
nie objawy gastryczne [14, 26].

W rozpoznaniu zespolu sromotnikowego istotne zna-
czenie miaty wywiad i czas wystapienia pierwszych obja-
wow zotadkowo-jelitowych. Grzyby takie, jak gotabki,
kanie, pieczarki polne i opienki najczgsciej byty mylone
z trujagcymi gatunkami muchomora, co potwierdzaja row-
niez doniesienia z innych osrodkow [14]. Kolejnym czyn-
nikiem wptywajacym na rokowanie byt dlugi okres utaje-
nia zatrucia (6 do 12 h). W tym czasie brak istotnych
zmian parametrow biochemicznych moégt by¢é mylacy,
a zwlekanie z wykonaniem badan toksykologicznych
mogto prowadzi¢ do utrudnienia p6zniejszej interpretacji
wynikdéw. Niektorzy autorzy sugeruja ograniczenie cza-
su, w jakim celowe jest pobieranie moczu do oznaczenia
amanityn do 35 h od spozycia grzybow [4, 11]. Pod ko-
niec drugiej doby od spozycia grzybow oznaczenie ama-
nityn w moczu metoda ELISA rzeczywiscie tracito za-
sadno$¢. Stezenia amanityn w moczu pacjentéw, u kto-
rych rozpoznano zespoét sromotnikowy, osiggaty wartos-
ci tym wyzsze, im wczesniej pobrano mocz do badania.
Stwierdzenie obecnosci amanityn w moczu we wszyst-
kich przypadkach bylo réwnoznaczne z rozpoznaniem
zespotu sromotnikowego. Z kolei zastosowanie metody
ELISA do oznaczenia amanityn w surowicy krwi nie
umozliwiato rozpoznania zatrucia ze wzgledu na bardzo
szybka eliminacje toksyn [10, 12].

Analizujac retrospektywne dane z wywiadu, przebieg
kliniczny i badania toksykologiczne, mozna stwierdzic,
ze oznaczenie amanityn w moczu metoda ELISA jest
miarodajnym badaniem pozwalajacym na prognozowa-
nie przebiegu zatrucia. Wyniki oznaczen byly uwzgled-
niane przy podejmowaniu decyzji o podjeciu leczenia
Legalonem, gdy miato ono istotne znacznie, to znaczy do
48 godzin od momentu spozycia grzybéw. Rokowanie
zazwyczaj zalezato od chwili rozpoczgcia specyficznego
leczenia i bylo najbardziej korzystne w przypadku po-
czatku hospitalizacji w pierwszej i drugiej dobie. Zatru-
cia $miertelne zwykle dotyczyly pacjentow przyjetych
w trzeciej i1 kolejnych dobach od momentu spozycia mu-
chomora sromotnikowego.

Problems of Forensic Sciences 2011, vol. LXXXV, 64—74



74 E. Gométka, D. Szpak, A. Morawska

5. Whioski

1. Metoda ELISA jest odpowiednig metoda do suma-
rycznego oznaczania podtypdw a- i y-amanityn dla
potrzeb diagnostyki pacjentéw zatrutych grzybami.

2. Badanie mikologiczne poptuczyn jest badaniem obar-
czonym duzym bledem i ma ograniczong warto$¢ diag-
nostyczna.

3. Oznaczenie amanityn w moczu w czasie do 48 godzin
od spozycia grzybow jest miarodajnym badaniem po-
zwalajagcym na prognozowanie przebiegu zatrucia
i wskazujacym na celowos$¢ podjetego leczenia.
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