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Abstract
Purpose: The importance of carbohydrates in anaphylaxis has been described with some 
foods. The current work intends to obtain clinical and immunological evidence of the impor-
tance of the O-glycans for IgE binding activity in anaphylactic reactions due to Helix aspersa 
(HA) ingestión and Artemisia vulgaris (AV) exposition.
Methods: The studio focused on two cases of IgE-mediated anaphylaxis induced by snail ingestion 
in  patients  with  underlying rhino-conjunctivitis and asthma due to AV. We performed on both 
patients: skin prick tests ( SPTs) with HA and AV and with a battery of aeroallergen, controlled 
nasal challenge and specific IgE to HA and AV, ImmunoCAP ISAC®, and a differential pattern of 
IgE recognition with SDS-PAGE Immunoblotting (SDSI) when these allergens have suffered an 
O-deglycosylation procedure.
Results: The patients showed positive results in SPTs, nasal challenges, and serum-specific IgE 
against HA and AV. In patient 1, the SDSI detected several IgE-binding proteins in AV with a 
molecular mass of 22, 24, and 44 kDa, whereas a band of 12 kDa was detected in HA. On the 
other hand, patient 2’s serum revealed an IgE-binding zone between 75 and 20 kDa in the AV 
and a band of 24 kDa in the HA. When glycans were removed, patient 1’s serum only revealed 
the AV’s 22 and 24 kDa bands, whereas patient 2’s serum did not detect any IgE-reactive pro-
tein in the HA.
Conclusions: Our data suggest that O-glycosylation can be relevant in patients with anaphy-
laxis due to snails and allergy to Artemisia vulgaris. This new entity representing cross-reactivity 
between AV and HA could be named Snail-Artemisia Syndrome.
© 2024 Codon Publications. Published by Codon Publications.
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Introduction

Hypersensitivity reactions to snails are frequently associ-
ated with respiratory allergy to house dust mites (HDM). 
This is usually due to cross-sensitization by tropomyosin, 
common in HDM, seafood, snails, and cockroaches.1

The Artemisia vulgaris (AV), a common mugwort, is dis-
tributed throughout Spain and is associated with different 
pollen-fruit-vegetable-cross reactivity syndromes. Art v 1, 
the major allergen of AV pollen2 (AVP), has been described 
as a glycosylated protein.3 

O-glycosylation is one of the most common post- 
translational modifications of proteins and the most frequent 
and best investigated in higher eukaryotes, including snails.4 
O-glycans seem to play an essential role in IgE binding activity. 
Remarkably, recombinant Art v 1, a non-glycosylated form of the 
protein, exhibited different IgE binding capacities, which suggest 
an essential role of its O-glycans for its IgE binding activity.5

In this context, the current work intends to obtain clin-
ical and immunological evidence of the importance of the 
carbohydrate determinants in anaphylaxis reactions due to 
Helix aspersa (HA) ingestión and AVP exposition. 

To achieve this objective, the group has studied and 
shown the clinical reactivity to the Helix aspersa (HAE) and 
AVP extracts (AVPE) by performing (1) skin prick tests (SPTs) 
with HAE and AVPE and with a battery of aeroallergen;  
(2) controlled nasal challenge with acoustic rhinometry;  
(3) specific IgE to Ha tropomyosin, and to HAE and AVPE, 
ImmunoCAP ISAC® (Immuno-solid-phase allergen chip assay); 
and, (4) a differential pattern of IgE recognition with SDS-
PAGE Immunoblotting (SDSI) when these allergens have  
suffered an O-deglycosylation procedure, inducing a com-
plete sugar removal with no protein degradation.

Material and Methods

Patients

Case 1
A 38-year-old man presented for at least 4 years of sea-
sonal oculonasal symptoms (sneezing, rhinorrhea, conges-
tion, and hyperemia). After snail intake, he immediately 
started with nasoocular symptoms, severe shortness of 
breath, generalized pruritus, and antecubital and neck 
hives. He had previously tolerated snails.

Case 2 
A 37-year-old woman presented to the clinic because of 
seasonal oculo-nasal itching, sneezing, rhinorrhea, nasal 
congestion, tearing, coughing, and wheezing during the 
previous 8 years. She also experienced an episode of pal-
pebral edema, dyspnea, pharyngeal tightness, and dyspha-
gia shortly after snail ingestion. 

In both patients, the symptoms resolved after the 
administration of corticosteroids and antihistamines; no 
other cofactors were identified. Concomitant foods were 
well tolerated after the episode.

Skin prick-tests

Skin prick tests (SPTs) were carried out with HA and AV 
extract and with a battery of commercial aeroallergens 

(mite, fungi, pollens, and animal dander) (Roxall Lab, 
Bilbao, Spain) on the volar side of the forearm. Histamine 
phosphate (10 mg/mL) was used as a positive control, and 
physiologic saline was used as a negative control. The 
results were the measurements (mm) of the larger wheal 
diameter within 15 minutes of puncture. A wheal ≥3 mm in 
the presence of a negative response to the saline control 
was considered positive. Five healthy volunteers and five 
atopic patients were used as the control group for in vivo 
tests.

Specific serum IgE

Specific IgE was measured by the RAST technique. The 
solid phase was obtained by coupling the extract solution 
(10mg/ml) to the 6-mm diameter CNBr-activated paper 
discs described by Ceska and Lunqvist.6 RAST was per-
formed using the method of Wide et al.7 with HyTec TM 
specific IgE reagents (Hycor Biomedical, Garden Grove, CA, 
USA), per the manufactureŕ s instructions.6,7 

Specific IgE levels were also measured by ImmunoCAP 
ISAC® (Immuno-solid-phase allergen chip assay). Results 
were reported in ISAC Standardized Units (ISU) and catego-
rized based on the manufacturer’s cutoff levels (<0.3 ISU, 
undetectable or very low; 0.3-0.9 ISU, low; 1–14.9 ISU, 
moderate/high; ≥15 ISU, very high). Values above 1 ISU 
were considered positive. Besides, specific IgE was mea-
sured by ImmunoCAP to tropomyosin (rDer p 10, Thermo 
Fisher Scientific) to confirm tropomyosin (Der p 10) results 
obtained by ISAC.

Nasal Helix aspersa and Artemisia vulgaris 
challenges

Specific nasal challenges using an acoustic rhinometry were 
done with HA and AV pollen extracts for each patient, fol-
lowing the procedure proposed by Palomares et al.8, with 
modifications. First, SPTs were performed with 10-fold 
dilutions of HA and AV (prepared immediately before chal-
lenging from frozen extracts) to determine a safe starting 
dose for the nasal challenge. 

Blotting assays: SDS-PAGE and Western blot

Proteins of AV and HA were separated by electrophoresis in 
15% sodium dodecyl sulfate-polyacrylamide gels under 
denaturing and reduction conditions. Gels were stained 
with Coomassie blue and glycoprotein staining kit (Pierce®, 
Thermo Fisher Scientific, MA, USA) to reveal each extract’s 
protein and glycoprotein profiles. Once separated, the pro-
teins were electrotransferred to the PVDF membranes and 
incubated with the sera of each patient using the Western 
blot technique. Different concentrations of AV and HA 
extracts were incubated with the sera of the patients to 
inhibit IgE recognitions.

Glycoproteins from AV and HA extracts were combined 
with glycoprotein denaturation reagents for glycan inacti-
vation (i.e., complete sugar removal with no protein degra-
dation) according to the manufacturer’s protocol (New 
England BioLabs, Massachusetts, USA) for further analysis.
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challenge results to snails and with the binding bands iden-
tified by the immunoblotting assays of 12 kDa for patient 
one and 25 kDa for patient two. In this sense, some articles 
have been published2,5,10 that describe bands of different 
molecular weights. 

Another explanation might be the loss of structural 
conformation during extract preparation or the role of gly-
cans with different foods in the anaphylactic reactions of 
our patients, as previously described by other authors.11

IgE-binding bands of 22 kDa and ranging from 22 to 24 
kDa in patients 1 and 2 correlate with Art v 1(Figure 1). This 
protein has previously been described.2,3 O-glycosylation is 
necessary for both patients to recognize all the binding 
bands in snail and AV, except for Art v1 (Figure 1 B). This 
observation might be important in the formation of epi-
topes recognized by IgE antibodies3,5,12 and could explain 
the symptoms suffered by the patients and the cross- 
reactivity between AV and snails 

Immunoblotting showed IgE in common epitopes between 
AV and HA. Patient 1 had a total inhibition (Figure 1C), 
whereas Patient 2 had a partial inhibition. This might be 
explained by greater values of IgE to Art v1 compared with 
lower IgE levels to HA. (Table 1).

Conclusion

Two cases of IgE-mediated anaphylaxis induced by snail 
ingestion in patients with underlying rhino-conjunctivitis 
and asthma due to AVP are described. O-glycosylation has 
been an essential tool to diagnose these patients, mani-
festing the role that carbohydrates may play. This new 
entity representing cross-reactivity between AV and HA 
could be named Snail-Artemisia Syndrome. 
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Results

The patients showed positive results in SPTs, nasal chal-
lenges, and serum-specific IgE against HA and AV (Table 1 
and Figure 1).

SDSI with patient 1 serum detected several IgE-binding 
proteins in AV with a molecular mass of 22, 24, and 44 kDa, 
whereas a band of 12 kDa was detected ion HA. On the 
other hand, patient 2 serum revealed an IgE-binding zone 
between 75 and 20 kDa in the AV and a band of 24 kDa in 
the HA (Figure 2A). 

When glycans were removed, patient 1 serum only 
revealed the AV’s 22 and 24 kDa bands, whereas patient 2 
serum did not detect any IgE reactive protein in the HA 
(Figure 2B).

SDSI-inhibition assays were carried out with both solid- 
phase extracts and as inhibitors with the patient sera. Both 
extracts produced IgE binding inhibition in the homologous 
and heterologous extracts (Figure 2C). 

Discussion

This study was designed to investigate the clinical observa-
tion of a cluster of snail-induced anaphylaxis in patients 
with underlying mugwort allergy. Mugwort allergens were 
studied to determine their implication as a causative aller-
gen. Art v1 was the only allergen involved. Is this a coinci-
dence, or is there any relationship with snail allergy? 
Cross-reactivity could explain this clinical observation 
based on our findings.

Hypersensitivity reactions to snails have been described 
due to cross-reactivity to tropomyosin in patients with HDM 
allergy.1 Nevertheless, our patients have ruled out cross- 
reactivity due to tropomyosin. SPTs to HDM were negative, 
as well as specific IgE and ISAC®. The bands identified by 
immunoblotting also did not correspond to those described 
without HDM sensitization.9

The possibility that patients had a primary snail allergy 
could be explained because of positive IgE and nasal 

Table 1  Summary of clinical and laboratory findings.

Allergy test Patient 1 Patient 2

SPT
Artemisia vulgaris Positive (15mm) Positive (11mm)
Comercial aeroallergens extract Negative Negative
Helix aspersa Positive (18mm) Positive (8mm )

sIgE
Artemisia vulgaris 15, 3 kU/L 13 kU/L
Helix aspersa 4,5 kU/L 2,1 kU/L
Helix aspersa tropomyosin <0,35 kU/L <0,35 kU/L

ISAC® nArt v 1 12 ISU-E nArt v 1 33 ISU-E
Controlled nasal challenge

Artemisia vulgaris Positive Positive
Helix aspersa Positive Positive
Controls Negative Negative
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Figure 2  Helix aspersa and Artemisia vulgaris pollen extracts were analyzed by sodium dodecyl sulfate-polyacrilamide gel 
electrophoresis and stained with Coomassie Brilliant Blue R-250. (A) Lane 1 Artemisia vulgaris pollen extract. Lane 2 Helix aspersa 
extract. (B) Lane 1 (+)O-glycosylated sample. Lane 2 (-) non-O-glycosylated sample. (C) Western blot-inhibition results.
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Figure 1  (A) Nasal challenge with Artemisia vulgaris pollen extract and (B) Helix aspersa extract in two patients with snail 
allergy. The graph shows the adjusted changes in Vol 2-8 over each concentration for each allergen, A. vulgaris, and H. aspersa.  
A value of Vol 2-8 obtained after the installation of placebo (saline solution) was considered 100 percent.
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