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Abstract
Mushroom poisoning caused by species of the genus Scleroderma (“earthballs”) is generally considered benign and limited 
to mild gastrointestinal symptoms. However, recent clinical observations suggest a wider spectrum of toxicity. This retro-
spective study analyzed 134 Scleroderma-related cases reported to French Poison Control Centers between 2000 and 2022, 
representing the largest national series to date. Most exposures were accidental, often due to confusion with edible puffballs 
or truffles. While the majority of patients remained asymptomatic or experienced only minor gastrointestinal effects, nine 
cases (7%) were of moderate or severe intensity. In addition to vomiting and abdominal pain, several patients presented 
neurological symptoms such as vertigo, transient consciousness disorders, or myoclonia, as well as cardiovascular abnor-
malities including hypotension, bradycardia, or tachyarrhythmia. Similar cases have been described in Germany and Japan, 
with no co-ingestion of other toxic species. Although the responsible compounds remain unidentified, the combination of 
digestive, neurological, and cardiovascular manifestations, together with geographically dispersed occurrence, meets several 
defining features of emerging mycotoxic syndromes. These findings suggest that Scleroderma poisoning may represent a 
new toxidromic entity deserving further toxicological and biochemical characterization.

Keywords  Scleroderma · Mushroom poisoning · Emerging mycotoxic syndrome

Introduction

Mushrooms represent a vast and diverse group of fungi, 
with thousands of species distributed worldwide. While 
many are edible, others contain toxins capable of causing a 
wide range of clinical syndromes, from mild gastrointestinal 
upset to severe, sometimes fatal, systemic poisoning (White 

et al. 2019). In Europe, the most well-known and frequently 
reported mushroom poisoning syndromes include those 
caused by cyclopeptide-containing species (e.g., Amanita 
phalloides and related taxa) (Lecot et al. 2023), the gastro-
intestinal syndrome, and the pantherine syndrome associated 
with Amanita muscaria and Amanita pantherina (Satora 
et al. 2006). In contrast, other forms of mycetism are less 
common, remain poorly characterized, and are often under-
reported (Landreau 2018; Bruneau et al. 2025).

Among these lesser-known poisonings are those caused 
by species of the genus Scleroderma (Pers., Sclerodermata-
ceae, Boletales) (Phosri et al. 2009), commonly known in 
English as “onion earthballs.” These gasteroid fungi are gen-
erally considered of no culinary value and, in most cases, are 
associated only with mild gastrointestinal symptoms such as 
vomiting and diarrhea, or in popular belief, with no symp-
toms at all. Scleroderma basidiospores can cause allergic 
respiratory reactions, such as rhinitis or conjunctivitis, with 
skin reactivity observed in about 18% of exposed allergic 
individuals (Sprenger et al. 1988). However, sporadic cases 
of more severe toxicity have been reported in Germany, fol-
lowing accidental confusion with Rhizopogon, and in Japan, 
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with cardiovascular and neurological manifestations incon-
sistent with any currently recognized mycotoxic syndrome 
(Haber et al. 2016; Sato et al. 2020). Ingestion of Sclero-
derma species is almost always accidental, most commonly 
resulting from shape confusion with edible puffballs (Lyco-
perdon spp.) or, less frequently, with truffles (Pérez‐Moreno 
and Ferrera‐Cerrato 1995; Li et al. 2020). Sitta et al. (2021) 
consider all European species of the genus Scleroderma to 
be consistently gastrointestinally toxic.

The genus Scleroderma is cosmopolitan, occurring in 
both temperate and tropical regions, and is well adapted to a 
wide variety of habitats. Most species form ectomycorrhizal 
associations with a broad range of host plants, including both 
native and exotic forest trees, although some can adopt a sap-
rotrophic lifestyle. The fruiting bodies are typically small (2.5 
to 10 cm) to medium in size, low to the ground, and globose 
or irregularly spherical in shape, often attached to a rudi-
mentary stipe that may be partly buried in the substrate. The 
thick, leathery exoperidium is sometimes smooth but often 
warted and at maturity dries and cracks irregularly to reveal 
the internal gleba. The name Scleroderma derives from the 
Greek words skleros (hard) and derma (skin), referring to the 
fungus’s thick, tough outer layer that distinguishes it from 
“puffballs” and related genera (Eyssartier et al. 2024). The 
spores are brown, globose, and ornamented with warts or 
reticulations, and the fruiting bodies typically emit a rubber-
like odor when cut. Unlike puffballs, Scleroderma species 
lack a true hymenium. Their basidiospores are produced 
within peridioles and are released as a powdery mass through 
the cracks in the peridium. Spore ornamentation—spiny, sub-
reticulate, or reticulate—is an important morphological fea-
ture for identification and is now complemented by molecular 
approaches, particularly sequencing of the nuclear ribosomal 
internal transcribed spacer (nrITS) region (Guzmán 1970; 
Jeffries 1999). Currently, there are 12 species of the genus 
Scleroderma identified and described in France (Société 
mycologique de France 2025) for 152 legitimate taxa classi-
fied as species in the world (Robert et al. n.d.).

The present study aims to provide a detailed description 
of Scleroderma-related mushroom poisonings in France, 
based on a retrospective review of cases reported to French 
Poison Control Centers (PCCs). By compiling the larg-
est national series to date, this study seeks to improve the 
understanding of Scleroderma intoxications, guide clinical 
management, and contribute to the broader knowledge of 
mycetism beyond the well-documented classical syndromes.

Material and methods

A retrospective observational study was carried out on all 
cases of intoxication following ingestion of Scleroderma 
recorded between 2000 and 2022. Data were extracted from 

the French Poison Center Information System (SICAP), fed by 
cases reported to the various French poison centers during the 
urgent toxicological response. This national database has been 
approved by the Commission Nationale Informatique et Lib-
erté (CNIL, no. 202–131). A favorable opinion from the local 
ethics committee was obtained for this study (no. 2023–197).

Case selection and analyzed data

The study included all poisoning cases reported in France 
between 2000 and 2022 involving exposure to at least one 
Scleroderma species. Species identification was performed 
by mycology experts (Bourgeois et al. 2017). When species-
level identification was not possible, the genus Scleroderma 
was inferred from morphological features described by the 
patient, namely, a round, spherical, or ovoid shape; absence 
of an external hymenophore (gills, pores, or spines); and the 
presence of a colored internal hymenium (gleba).

In one case (case 1), a fruiting body was available and 
allowed both macroscopic and microscopic identification 
(Sarasini 2005). Molecular confirmation of the specimen 
was subsequently performed by the ALVALAB laboratory 
(http://​www.​alval​ab.​es), following the protocol previously 
described (Murray and Thompson 1980; Mullis and Faloona 
1987). The DNA sequence obtained by PCR amplification 
was compared with public reference data using BLAST 
(Altschul et al. 1990).

The data analyzed included socio-demographic character-
istics (age, sex, region, date of poisoning), suspected species, 
any reported confusion with toxic or edible mushrooms, 
clinical and laboratory findings, severity of poisoning, clini-
cal outcome, causality assessment, and patient management 
(place and time to treatment, treatments administered, and 
length of hospital stay).

Poisoning severity was graded according to the Poisoning 
Severity Score (PSS): PSS0 (no symptoms), PSS1 (minor), 
PSS2 (moderate), PSS3 (severe), and PSS4 (fatal) (Persson 
et al. 1998). Causality (the likelihood that the clinical and 
laboratory findings were attributable to Scleroderma inges-
tion) was assessed according to the toxicovigilance causality 
method and classified into five levels: not applicable (no 
clinical or laboratory signs), not excluded, possible, prob-
able, or very probable (Sinno-Tellier et al. 2025).

Exclusion criteria were as follows: null or not excluded 
causality, exposure by a route other than ingestion, and poi-
sonings occurring outside mainland France.

Results

Between January 1, 2000, and December 31, 2022, 134 
cases of exposure related to the ingestion of Scleroderma 
mushrooms were recorded by French Poison Control 

http://www.alvalab.es
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Centers (PCC), corresponding to an average of 34 ± 7.5 
cases per year. Both sexes were affected, with a predomi-
nance of males (sex ratio = 1.6). Exposed individuals ranged 
from infants to the elderly (mean age 31.9 years; range 
0.87–88 years; median 34 years; standard deviation 27.4), 
with adults aged 41–64 years representing the most affected 
group (26% of cases, n = 35).

The geographical distribution of cases was uneven across 
the country (Fig. 1). The three most affected regions were 
Brittany (18%, n = 24), Pays de la Loire (16%, n = 21), and 
Nouvelle-Aquitaine (15%, n = 20).

No clear trend emerged from the annual distribution of 
Scleroderma exposures (Fig. 2), which ranged from a mini-
mum of 1 case in 2001 to a maximum of 19 in 2017. Expo-
sures occurred from May to November, with September 
being the most affected month (29% of cases, n = 39).

All reported exposures were accidental, with the majority 
involving ingestion of a single mushroom species (n = 114; 
85.1%). In the remaining 20 cases, co-ingestion involved 
no more than two species. Among accidental cases, 43% 
(n = 57) were due to confusion with another mushroom, 
most frequently puffballs (Lycoperdon spp., 60%) or truffles 
(25%). A further 39% (n = 52) resulted from a lack of risk 
perception, 10% (n = 14) occurred in an unspecified dietary 
context, and 8% (n = 11) involved intentional consumption 
of a Scleroderma.

Precise species identification was achieved in only 31% 
of cases (n = 42). The most frequently identified species was 

Scleroderma citrinum (n = 15; 11%), followed by S. bovista 
(n = 14; 10%) and S. verrucosum (n = 12; 9%). Most cases 
(n = 99; 73%) were attributed to Scleroderma spp. without 
species-level identification.

The vast majority of patients experienced no symptoms 
(PSS0) or only mild symptoms (PSS1) (n = 125; 93%). 
Seven cases were of moderate severity (PSS2), and two were 
severe (PSS3). All cases evolved favorably, with no fatalities 
or long-term sequelae. Moderate and severe cases (n = 9; 
7%) were all mono-exposures to Scleroderma spp. (n = 4), 
S. bovista (n = 4), or S. verrucosum (n = 2). The distribution 
of cases by species and severity is shown in Table 1.

Overall, 40% of patients (n = 55) remained asympto-
matic. Among symptomatic cases, the mean time to onset 
was 70 min (n = 74; range 0–240 min; median 60 min; SD 
54). Gastrointestinal symptoms were most frequent (97.5%, 
n = 77), predominantly vomiting (65%, n = 50), nausea (44%, 
n = 34), and abdominal pain (32.5%, n = 25). Neurological 
symptoms were reported in 24% (n = 19), most commonly 
vertigo (53%, n = 10) and altered consciousness (47%, n = 9), 
followed by seizures or myoclonus (11%, n = 2). Isolated 
reports included headache, confusion, hallucinations, and 
balance disorders.

Cardiac manifestations occurred in 14% of cases 
(n = 11), with hypotension being the most frequent (73%, 
n = 8), followed by arrhythmias (36%, n = 4), tachycardia 
(18%, n = 2), and bradycardia (18%, n = 2). Other reported 
signs included hyperhidrosis (n = 13), pallor (n = 4), 

Fig. 1   Geographical distribution of Scleroderma poisoning cases between 2000 and 2022 in mainland France (N = 134)
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asthenia (n = 3), dry mouth (n = 2), visual disturbances 
(n = 2), hypothermia (n = 1), mydriasis (n = 1), and exog-
enous mucosal discoloration (n = 1).

Biological abnormalities were rare: only one case of 
transient renal impairment was documented among the 

three parameters assessed (renal function, electrolyte bal-
ance, and hepatic function).

Among symptomatic patients (n = 79), management 
was most often at home (49%, n = 39) or in hospital (43%, 
n = 34), with only 2.5% (n = 2) consulting a general practi-
tioner. Time to hospital admission was under 3 h in 38% of 
cases (n = 13) and between 3 and 6 h in 21% (n = 7); in 41% 
(n = 14), this information was unavailable. Most hospital 
stays were under 24 h (n = 26; 76%), and 9% (n = 3) lasted 
between 24 and 48 h.

Severe cases (PSS3)

Case 1: A 63-year-old woman with a history of hypertension 
and uterine cancer (treated with telmisartan and hydrochlo-
rothiazide) collected what she believed to be puffballs (Lyco-
perdon spp.) from her garden, later identified as Scleroderma 
bovista (Fig. 3A), based on macroscopic and microscopic 
observations (Fig. 3B) and on molecular data. At 12:30 p.m., 
she consumed a large quantity after cooking. Symptoms 
began 1 h later with vertigo, visual hallucinations, and vom-
iting. On arrival of the emergency medical service (EMS) at 
4 h post-ingestion, she presented with shock (Glasgow Coma 
Scale 14), severe hypotension (70/40 mmHg), and persis-
tent vomiting. She was transferred to hospital, where initial 
management included rapid vascular filling with 500 mL of 
crystalloids, intramuscular adrenaline (0.5 mg), and oxygen 
therapy. Clinical improvement was rapid, with hemodynamic 
stabilization. By 22 h post-ingestion, she was discharged 

Fig. 2   Number of cases by year (N = 134)

Table 1   Distribution of cases according to species of mushroom con-
sumed and severity (PSS) (N = 134)

Mushroom species consumed Severity

PSS 0 PSS 1 PSS 2 PSS 3

Scleroderma spp. 35 40 3
Scleroderma areolatum 1 1
Scleroderma bovista 5 4 3 1
Scleroderma citrinum 5 9
Scleroderma verrucosum 2 3 1 1
S. citrinum and S. verrucosum 1
S. verrucosum and Scleroderma 

spp.
3 1

S. bovista and Collybia spp. 1
Scleroderma spp. and Agaricus spp. 1
Scleroderma spp. and boletes 4
Scleroderma spp. and porcini 2
Scleroderma spp. and Collybia 

fusipes
1

Scleroderma spp. and Russula spp. 2 3
Scleroderma spp. and an unknown 

agaricoid mushroom
1
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with normal laboratory tests, preserved renal function, 
and complete resolution of symptoms. Her husband, who 
shared the same meal, experienced only mild gastrointestinal 
symptoms.

Case 2: A 68-year-old man consumed at noon a meal 
containing mushrooms assumed to be puffballs (Lyco-
perdon spp.), later identified as Scleroderma verrucosum 
(Fig. 3C). Symptoms appeared within 20 min, including 
diarrhea, nausea, and rapid onset of shock. EMS attended 
at 3  h post-ingestion and confirmed hemodynamic 
shock with marked hypotension (systolic blood pressure 
70  mmHg). On arrival at the emergency department, 
hypotension persisted despite initial fluid resuscitation. 
Management included dopamine infusion, continued fluid 
therapy, and oxygen supplementation. Complete resolution 
occurred within 24 h, and the patient was discharged the 
next day after normalization of hemodynamic parameters.

Moderate cases (PSS2)

All moderate cases involved male patients aged between 13 
and 78 years. Four cases were due to accidental ingestion by 
confusion with edible puffballs (Lycoperdon spp.). Identi-
fied species included Scleroderma verrucosum (n = 1) and S. 
bovista (n = 3); in three additional cases, the species was not 
specified (Scleroderma spp.). All incidents occurred during 
a meal in which the mushrooms were cooked, except for one 
case in which the patient, due to a lack of risk awareness, 
consumed the mushroom raw. Moderate-intensity poison-
ings are summarized in Table 2.

Discussion

In this retrospective study covering the period 2000–2022, 
134 cases of Scleroderma mushroom poisoning were 
recorded in mainland France. At the population level, 
such incidents are uncommon and primarily affect young 

children and adults (particularly those over 40 years of 
age) with a slight male predominance (sex ratio, 0.6).

The annual distribution showed no clear trend, although 
a relative increase cannot be ruled out. The absence of ref-
erence data on overall annual fungal exposures limits the 
ability to confirm any epidemiological trend. The high pro-
portion of cases linked to a lack of risk perception is directly 
related to the large representation of children under 4 years 
in the study; in these cases, the mushrooms were consumed 
raw and generally in small quantities. Intentional consump-
tion with prior knowledge was rare. Most cases resulted from 
misidentification with other edible mushrooms, particularly 
puffballs (Lycoperdon spp.) and truffles. This highlights the 
difficulty of accurate identification, their slightly distinctive 
macroscopic characters even for experienced foragers, and 
the danger of consuming wild mushrooms that have not been 
validated by an expert or qualified mycologist. In this series, 
genus-level identification of Scleroderma was often possi-
ble based on patient descriptions (globose form, absence 
of external hymenophore, colored internal gleba), although 
species-level determination usually required macro- and 
microscopic examinations. Four species were formally 
identified: S. citrinum, S. bovista, S. verrucosum, and S. 
areolatum.

Moderate and severe cases involved exclusively mono-
exposures to Scleroderma spp., S. bovista, or S. verrucosum, 
supporting a plausible causal link and ruling out the involve-
ment of another mushroom species. The most common clini-
cal pattern resembled a classical gastrointestinal syndrome, 
with isolated digestive symptoms (vomiting, nausea, abdom-
inal pain) appearing soon after ingestion. These findings are 
consistent with existing literature, which reports digestive 
symptoms as the most frequent presentation of Scleroderma 
poisoning worldwide, regardless of species.

A notable feature of this study is the documentation of 
atypical presentations, particularly neurological and cardi-
ovascular symptoms. Although relatively infrequent, such 
manifestations may be clinically significant. This mirrors 
cases reported in Germany and Japan. The German case 

Fig. 3   A Scleroderma bovista (specimen collected and consumed by the patient). B Spore print of the submitted specimen, showing dark brown, 
globose, and reticulate spores with an average size of 10.1 × 9.1 µm. C Scleroderma verrucosum (photograph by Rémy Péan, MycoDB)
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involved Scleroderma cepa and presented with gastrointes-
tinal, neurological, and visual disturbances (including hal-
lucinations and transient achromatopsia) (Haber et al. 2016), 
while the Japanese case involving S. albidum showed brady-
cardia, hypotension, and neurological symptoms (8). Tegez 
(15) reported the death of a pot-bellied pig 5 h after ingest-
ing a S. citrinum fruiting body. The animal vomited and 
collapsed within minutes of ingestion and remained weak 
and recumbent until death. Scleroderma species have also 
been implicated in several dog poisonings in North America, 
with affected animals showing typical gastrointestinal signs 
(vomiting, diarrhea, hypersalivation), sometimes accompa-
nied by weakness or tachycardia, even after ingesting small 
amounts (Beug 2017). In some cases, hypotension could be 
partially explained by fluid loss due to vomiting, but a direct 
toxic effect on vascular regulation cannot be excluded.

These atypical features resemble those observed in this 
study, particularly in the two severe cases. Although these 
poisonings resulted from mono-exposures, the possibility 
of contamination by another mushroom or colonization by 
microorganisms (pathogenic bacteria, molds) cannot be 
excluded (Nieminen and Mustonen 2020). Consumption cir-
cumstances (raw or cooked mushroom, age of the consumer, 
and unpleasant taste and odor possibly limiting the ingested 
amount) could also influence severity.

Mycochemical analyses have identified several com-
pounds in different Scleroderma species (Fig. 4), but none 
fully explains the symptoms observed. Consistent with its 
placement within the Boletales (Velíšek and Cejpek 2011), 

S. citrinum produces polyphenolic pigments derived from 
pulvinic acid such as sclerocitrin, norbadione A, and xero-
comic acid (Gill and Steglich 1987; Zhou and Liu 2010), 
which have been investigated for their potential antioxidant 
(Habrant et al. 2009) and radioprotective (Le Roux et al. 
2011) properties.

Pulvinic acid derivatives are widespread in edible boletes, 
and recent work has shown that several purified pigments, 
including xerocomic acid and methyl variegatate from Phle-
bopus portentosus and P. spongiosus, exhibit only weak to 
moderate cytotoxicity in vitro at micromolar concentrations 
(Chuankid et al. 2020). This widespread occurrence in edible 
mushrooms strongly suggests that pulvinic acids are unlikely 
to represent the toxic principle responsible for the gastroin-
testinal or atypical neurological and cardiovascular effects 
observed in Scleroderma poisoning. Their contribution, if 
any, would more plausibly relate to nonspecific mucosal 
irritation rather than systemic toxicity. Xerocomic acid has 
also been identified as a potential cytochrome P450 inhibitor 
(Huang et al. 2009), but no clinically relevant effects have 
been demonstrated in vivo.

S. bovista contains primarily ergostane- and lanostane-
type steroids, as well as a ceramide derivative (Kovacs et al. 
2018). S. polyrhizum contains sterols and fatty acids (Gonza-
lez et al. 1983). Previous phytochemical screenings of Scle-
roderma verrucosum performed using colorimetric assays 
have suggested the presence of broad classes of metabolites 
such as “alkaloids,” “flavonoids,” or “tannins.” However, 
these results rely on nonspecific qualitative tests that are 

Fig. 4   Pulvinic acid derivatives reported from Scleroderma citrinum 
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known to lack chemical specificity. Furthermore, the ability 
of Basidiomycota to biosynthesize flavonoids remains a mat-
ter of debate, as such compounds have only been reported 
in a few isolated cases (Pukalski and Latowski 2022). We 
therefore do not consider these findings reliable and restrict 
the chemical profile of Scleroderma species to structurally 
validated fungal metabolites (e.g., pulvinic-acid derivatives, 
sterols, fatty acids) reported from well-characterized analy-
ses, while S. verrucosum has a broad range of secondary 
metabolites, including alkaloids and triterpenes (Menezes 
Filho et al. 2022). No muscarinic alkaloids or other classi-
cal cholinergic toxins have been isolated from Scleroderma 
to date. Thus, the muscarinic-like symptoms reported in the 
Japanese case remain a clinical observation without chemi-
cal confirmation. Possible explanations include the presence 
of as-yet-uncharacterized compounds.

Limits and bias

This retrospective study is subject to the inherent limita-
tions of analyses based on data collected a posteriori from 
Poison Control Center (PCC) records. Such a design pre-
cludes direct control over the quality and completeness of 
the information and does not account for cases in which 
no PCC was contacted. Selection bias may also have influ-
enced the final sample size, particularly due to incomplete 
or inconsistently recorded data in the PCC database at the 
time of the calls.

Although the study includes 134 cases, moderate-to-
severe poisonings (n = 9) were relatively uncommon, 
limiting the statistical power for analyzing these specific 
clinical presentations. As a result, generalization regarding 
atypical manifestations of Scleroderma poisoning should 
be approached with caution. Furthermore, several clini-
cal and laboratory variables were absent or incompletely 
documented. Missing data included laboratory parameter 
results, time from ingestion to care, alcohol co-consumption, 
ingested quantity, and preparation method, among others, 
all of which may have limited the scope of certain analyses.

Despite these limitations, this study provides the most 
extensive national overview to date of Scleroderma-related 
poisonings in France. It highlights areas for improvement in 
data collection and clinical documentation and underscores 
the need for prospective studies to clarify the toxic potential 
of specific Scleroderma species.

Taken together, these findings support the hypothesis 
that Scleroderma intoxication could represent an emerging 
mycotoxic syndrome.

Beyond the classical benign gastrointestinal picture, 
several moderate and severe cases revealed consistent neu-
rological and cardiovascular involvement occurring after a 
short latency and in the absence of co-ingested toxic species. 

The “Scleroderma toxidrome” fulfills the defining criteria 
of emerging mycotoxic syndromes: an unexpected clinical 
expression inconsistent with its previous toxicological clas-
sification, simultaneous yet geographically dispersed reports 
(France, Germany, Japan), and persistent diagnostic uncer-
tainty in the absence of an identified toxin (Saviuc and Danel 
2006; Bruneau et al. 2025). Altogether, these observations 
argue for the recognition of Scleroderma poisoning as a 
potential eighth mycotoxic syndrome, bridging gastrointes-
tinal, neurological, and cardiovascular involvement.
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