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Abstract The growing popularity and frequency of con-
sumption of seafood is accompanied by an increasing num-
ber of adverse reactions reported in literature. Allergic
reactions to seafood can generate a variety of symptoms
ranging from a mild oral allergy syndrome to keen anaphy-
lactic reactions. Tropomyosin, the major shellWsh allergen is
regarded to be responsible for clinical cross-reactivity to
inhaled house dust mites. The aim of the study was to inves-
tigate the prevalence of sensitization to tropomyosin in
house dust mite allergic patients in southern Bavaria and to
compare the results with allergic symptoms. Sera of house
dust mite allergic patients (positive skin prick test, allergen-
speciWc IgE and intranasal provocation) were screened for
IgE antibodies to tropomyosin (Der p 10). Patients were
contacted by phone to evaluate allergic symptoms when
consuming seafood. IgE antibodies to house dust mite tropo-
myosin (Der p 10) could be found in 4 out of 93 sera (4.3%).
Two of these four patients (50%) showed itching and swell-
ing of oral mucosa accompanied by bronchial obstruction
after consumption of shrimp. Two patients had no problems
when eating seafood. None of the seronegative patients
complained about any health problems during or after con-
sumption of seafood. In conclusion, cross-reactivity to
tropomyosin in house dust mite allergic patients in southern
Bavaria, Germany is rarer than suspected. Beside the direct

allergic reactions, a further part of reactions to seafood must
therefore be ascribed to other mechanisms such as intoxica-
tion or intolerance to, e.g. additives in the food product.
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Introduction

The growing consumption of seafood in regions far away
from the coast as well as the increasing pollution of the
oceans with toxic load of its inhabitants lead to an increas-
ing number of sometimes adverse health problems among
consumers [1]. Beside allergic reactions to a variety of
diVerent allergens in seafood, a relevant cause for allergic
reactions especially to crustacean and mollusks constitutes
the molecular and clinical cross-reactivity to house dust
mites or cockroaches [2].

Seafood can be divided into three diVerent groups (see
Fig. 1). To take the biological taxonomy as a basis, there
are arthropods, mollusks and vertebrates on the phylum-
level. Crustacean such as shrimp, crab, prawn or lobster
belong to the arthropod phylum as well as the arachnids
(house dust mite, Dermatophagoides pteronyssinus and D.
farinae) and the insects. The mollusks can also be divided
into three diVerent groups: gastropods (abalone and snail),
bivalves (clam, oyster and mussels) and cephalopods (squid
and octopus). The last group of seafood is Wsh (salmon,
carp and tuna) which belong to the biological group of ver-
tebra. Fish contain a variety of diVerent allergens and nor-
mally do not show cross-reactions in house dust mite
allergic patients [1, 3, 4].

Tropomyosin is regarded to be responsible for the cross-
reactivity between house dust mites and other invertebrates
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and consists of a phylogenetically conserved protein with
diVerent isoforms. Cross-reactivity describes the incident,
when IgE antibodies originally created against the tropo-
myosin of house dust mites (Der p 10) also respond to
tropomyosin of other species such as shrimp. Tropomyosin
is present in muscle and non-muscle cells of vertebrates and
invertebrates and shows a high heat stability [5]. The con-
cordance of the amino acid sequence of tropomyosin from
diVerent arthropods and mollusks is very high, e.g. 81%
between shrimp and house dust mites or 82% between
shrimp and cockroaches. Ayuso et al. [6] demonstrated that
the major shrimp epitope (tropomyosin, Pen a 1) shows
even higher homology with corresponding regions in tropo-
myosin of house dust mites and cockroaches of more than
90%. This accordance in amino acid sequence can explain
the clinically relevant cross-reactivity between diVerent
species of crustacean, between crustacean and mollusks and
also between crustacean, mollusks and other invertebrates
such as house dust mites, snails and insects [2, 7, 8].

Sensitization rates to tropomyosin (Der p 10) in house
dust mite allergic patients vary in the literature. Weghofer
et al. [9] found sensitization rates of 9% in France, 10% in
Italy and 18% in Austria and Sweden. Comparable results
for Austria of 15% could be shown by Resch et al. [10].
Westritschnig et al. analyzed sensitization proWles of Afri-
can people in Zimbabwe and compared it with data from
central Europe. These authors revealed sensitization rates to
tropomyosin (Der p 10) of 55% in Zimbabwe in compari-
son with 10% in Austria [11]. The discrepancy in sensitiza-
tion rates to Der p 10 was ascribed to the diVerent

sensitization rates to other tropomyosin carrying inverte-
brates such as cockroaches, crab or shrimp [12, 13]. Data
from Australia showed slightly higher sensitization rates of
28% in comparison with Europe [14]. Although there are
some data on the prevalence of speciWc IgE antibodies to
Der p 10, there is nearly no data on the clinical relevance in
connection with the intake of seafood.

Therefore, the aim of the study was to retrospectively
investigate how many house dust mite allergic patients are
sensitized against the cross-reacting allergen tropomyosin
(Der p 10) in the catchment area of our university hospital
in southern Bavaria, Germany. In the second step, we per-
formed a telephone survey to analyze if sensitization to Der
p 10 was also clinically relevant.

Methods

Patient data were selected from the allergy database of the
Department of Otorhinolaryngology-Head and Neck Sur-
gery of the Ludwig-Maximilians-University in Munich,
where all relevant diagnostic results of the patients are
stored. The study was approved by the local ethics commit-
tee and the local data protection commissioner. All patients
gave informed consent. The database was scanned for con-
secutive patients with a proven perennial allergy to house
dust mites. This included: (1) a positive skin prick test for
D pter. (skin prick test wheal >3 mm was considered as
positive). The skin prick test (ALK-Abelló, Wedel, Ger-
many) was read after 20 min. (2) CAP class ¸1 (¸0.35 kU/l,

Fig. 1 Overview of seafood and 
connections to other tropomyo-
sin carrying species. Connec-
tions to groups of importance for 
diet are shown in straight lines. 
Links to other species are shown 
in dotted lines Arthropods Mollusks Vertebrates
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UniCAP-FEIA, Phadia Diagnostics, Freiburg, Germany)
for house dust mites (Dermatophagoides pteronyssinus).
(3) Positive intranasal provocation with a standard provoca-
tion solution (D pter, ALK-Abelló, Wedel, Germany) due
to guideline speciWcations [15] (decrease in rhinomanome-
try >40% at 150 Pa on the allergen challenged side or
symptom-score >3, or decrease in rhinomanometry >20%
at 150 Pa on the allergen challenged side and symptom-
score >2). (4) Serum of the patient must be available at our
allergy serum bank. Nasal symptoms were semi-quantita-
tively assessed in Wve categories: (1) obstruction, (2) rhin-
orrhoea, (3) sneezing, (4) itching, and (5) dryness. Each
symptom could be answered between 0 and 3 (0 no impair-
ment, 1 mild impairment, 2 moderate impairment, and 3
severe impairment).

Fluorescence enzyme immunoassay (FEIA) 
for tropomyosin (Der p 10)

Sera of patients which fulWlled the above-mentioned crite-
ria were defrosted and speciWc IgE antibodies to Der p 10
were measured using the FEIA method (UniCAP-FEIA,
Phadia Diagnostics, Freiburg, Germany) with a commercial
test kit (Phadia Diagnostics, Freiburg, Germany). Results
were acquired in CAP classes as well as in concentration
(kU/l).

Allergic symptoms

All patients were contacted by phone between January and
March 2011. Patients were asked about any allergic symp-
toms due to the intake of seafood. Symptoms were assessed
in seven categories: (1) itchiness of oral mucosa, (2) swell-
ing of oral mucosa, (3) skin reactions, (4) shortness of
breath, (5) circulatory problems, (6) abdominal pain, and
(7) Xatulence/diarrhea. Each category should be answered
between 0 and 3 (0 no impairment, 1 mild impairment, 2
moderate impairment, and 3 severe impairment).

Statistical analysis

Statistical analysis was performed with SigmaStat (Jandel
Corp., San Rafael, CA, USA) on a Lenovo ThinkPad
X200s. For descriptive statistics we used mean values with
standard deviation (SD). For the comparison of groups the
Mann–Whitney rank sum test was used.

Results

The database query with the above-mentioned inclusion
criteria resulted in 93 patients with a proven allergy to
house dust mites (see Table 1). Gender distribution showed

37 (39.8%) female and 56 (60.2%) male patients with a
mean age of 31.0 years and a range between 7.6 and
66.4 years. Thirty-one patients showed single sensitization
to house dust mites, 62 patients showed additional sensiti-
zation to further perennial and seasonal allergens.

Results for the allergen-speciWc IgE concentrations and
clinical nasal symptoms at the time of the initial examina-
tion can be seen in Table 2. The mean concentration of IgE
antibodies to D pter was 8.85 kU/l § 13.22 SD in Der p 10
positive patients in comparison to 11.76 kU/l § 17.32 SD
in Der p 10 negative patients. There was no statistically sig-
niWcant diVerence in IgE-antibody levels to D pter. between
Der p 10 positive or negative patients. The analysis of clin-
ical nasal symptoms also showed no signiWcant diVerences
in the two groups.

FEIA results for tropomyosin Der p 10 resulted in only 4
patients (4.3%) with CAP class ¸1. There were a 17-year-
old boy (skin prick test: 4, CAP class 2 � 1.28 kU/l for Der
p 1, CAP class 1 � 0.37 kU/l for Der p 10), a 27-year-old
woman (skin prick test: 4, CAP class 3 � 4.79 kU/l for Der
p 1, CAP class 1 � 0.62 kU/l for Der p 10) and another 31-
year-old woman (skin prick test: 4, CAP class 2 � 0.81 kU/
l for Der p 1, CAP class 1 � 0.47 kU/l for Der p 10) with
CAP class 1 for Der p 10. One 40-year-old man showed
CAP class 2 for Der p 10 (skin prick test: 2, CAP class
4 � 28.50 kU/l for D pter, CAP class 2 � 2.08 kU/l for
Der p 10).

Altogether 67 of 93 patients (72%) could be contacted in
the Wrst 3 months of 2011 (see Fig. 2). From the 89 patients
who were tested negative for Der p 10, we were able to
contact 63 patients (71%) by phone. Twenty-six patients
could not be contacted because of wrong phone-numbers

Table 1 Patient demographics and study results

Number of 
patients

Percent

All patients 93 100

Mean age, years (range) 31 (8–66)

Gender

Male 56 60

Female 37 40

Mono-sensitized to house dust mites 31 33

Poly-sensitized to further allergens 62 67

Der p 10 positive 4 4

Telephone survey 67 72

Der p 10 positive contacted 4 100

Symptoms 2 50

No symptoms 2 50

Der p 10 negative contacted 63 71

Symptoms 0 0

No symptoms 63 100
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given or removal. Calling was stopped after the Wfth unsuc-
cessful call within 1 week. No patients of the 63 seronega-
tive complained about any of problems when eating
seafood. Results for the seven symptoms: (1) itchiness of
oral mucosa, (2) swelling of oral mucosa, (3) skin reac-
tions, (4) shortness of breath, (5) circulatory problems, (6)
abdominal pain, and (7) Xatulence/diarrhea were 0, respec-
tively. Ten of these 63 patients did not eat shellWsh due to
personal preferences.

All four patients who were tested CAP class ¸1 for Der
p 10 could be consulted via phone. Two patients (50%)
reported of mainly mild to moderate recurrent health prob-
lems when eating shrimp (see Table 3). The other two
patients had no problems when eating seafood.

Discussion

Molecular and clinical cross-reactivity between shellWsh
and house dust mites could be shown by diVerent working
groups so far [2, 7, 16–18]. This is the Wrst study which
ever evaluated the prevalence rate for a sensitization to

tropomyosin (Der p 10) in house dust mite allergic patients
and compared it with clinical symptoms after seafood
intake. The results of the present study demonstrate a far
less sensitization rate to tropomyosin (Der p 10) in house
dust mite allergic patients around Munich than suspected
from the literature. Fifty percent of sensitized patients
showed clinical symptoms when eating shellWsh. The
strength of the current study is that we were looking for not
only serological parameters but also clinical symptoms. All
included patients were diagnosed for a house dust mite
allergy by state-of-the-art diagnostic procedures (clinical
history, skin prick test, allergen speciWc IgE evaluation, and
intranasal provocation).

Sensitization rates to Der p 10 between 10 and 18% in
Austria up to 55% in Zimbabwe were reported in the litera-
ture [9–11]. As Austria directly borders to the southern
Bavarian part of Germany and eating habits with mainly
meat and less seafood diet is common, we expected a com-
parable sensitization to tropomyosin of above 10%. Our
results show a far less sensitization rate of 4.3% to Der p 10
in the region around Munich. The reason for the low sensi-
tization rate in our patients could be the fact that we are an
otorhinolaryngological clinic, were mainly patients with
nasal symptoms were treated. It is possible that patients
with primarily postprandial reactions seek advice from

Table 2 SpeciWc IgE concentrations to D. pteronyssinus and nasal
symptoms at the time of initial examination

Results are given as mean § standard deviation. For the comparison
between the groups the Mann–Whitney rank sum test was used. Nasal
symptoms were scored between 0 and 3 (0 no impairment, 1 mild
impairment, 2 moderate impairment, and 3 severe impairment)

Der p 10 positive
(n = 4)

Der p 10 negative 
(n = 89)

P values

SpeciWc IgE to D.
pteronyssinus 
(kU/ml)

8.85 § 13.22 11.76 § 17.32 0.564

Nasal symptoms

Obstruction 1.74 § 1.15 2.00 § 1.15 0.694

Rhinorrhoea 1.34 § 1.18 1.75 § 0.96 0.502

Sneezing 1.38 § 1.04 1.00 § 0.82 0.536

Itching 1.11 § 0.93 1.25 § 0.96 0.763

Dryness 1.06 § 1.15 0.75 § 0.96 0.703

Fig. 2 Results of the telephone 
survey which was carried out be-
tween January and March 2011

93 patients
with proven house dust mite allergy

4 patients (4.3 %)
CAP-class = 1 for Der p 10

89 patients (95.7 %)
seronegative for Der p 10

2 patients (50 %)
asymptomatic

2 patients (50 %)
symptomatic

(itching and swelling of oral 
mucosa, bronchial obstruction, 
urticaria, circulatory problems) 

26 patients (29 %)
not known

63 patients (71 %)
asymptomatic

Table 3 Clinical symptoms, evaluated by telephone survey, of the
four Der p 10 positive patients when eating shellWsh

Symptoms were scored between 0 and 3 (0 no impairment, 1 mild
impairment, 2 moderate impairment, and 3 severe impairment)

Patient 1 Patient 2 Patient 3 Patient 4

Itchiness of oral mucosa 2 1 0 0

Swelling of oral mucosa 2 1 0 0

Skin reactions 1 3 0 0

Shortness of breath 2 2 0 0

Circulatory problems 0 1 0 0

Abdominal pain 0 0 0 0

Flatulence/diarrhea 0 0 0 0
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other departments and therefore sensitization rates in their
patients could be higher. Depicted literature concerning Der
p 10 sensitization rates was mainly published from depart-
ments of immunology or pathophysiology pooling data
from diVerent other departments together (dermatology,
otorhinolaryngology, pulmonology, and pediatrics). More
detailed information regarding the detailed distribution to
the diVerent departments was not extractable from these
publications. The high sensitization rates to Der p 10 which
were seen in Zimbabwe were ascribed to cross-reactions to
other invertebrates such as cockroach, shrimp or crab. For
example, sensitization rates for crab of up to 22% were
detected in the African population with the multiallergen
test [11].

Seafood allergy is a signiWcant health problem in indus-
trialized countries. 2.3% of the general population in the
United States are aVected by recurrent and sometimes severe
reactions after seafood intake [19]. Against the background
of our study, cross-reactivity to shellWsh tropomyosin in
house dust mite allergic patients seems to be one reason for
those reactions. Although tropomyosin is regarded to be the
major shellWsh allergen, novel allergens have been identiWed
and characterized in crustaceans which could serve as a new
class of invertebrate pan allergen. Analysis of the protein
sequence showed high similarity to arginine kinase [20, 21].
In addition, a sarcoplasmatic calcium-binding protein and a
myosin light chain of 20 kDa have been identiWed [22–24].
Similar homologues of these allergens can be found among
diVerent invertebrates; whether they are clinically relevant
regarding cross-reactivity between diVerent groups of inver-
tebrates is not evaluated so far.

Other reasons for mild to severe reactions to shellWsh
can be due to other components in the food product [1].
These reactions can be immunological and non-immuno-
logical to a variety of triggers such as marine toxins, bio-
genic amines, and ingredients for the preparation of the
product such as Xavors, preservatives, spices, and chemical
additives [25, 26]. The colonization of seafood with other
creatures such as bacteria [27], parasites (e.g. Anisakis)
[28, 29] or viruses such as hepatitis A [30] can be a further
reason for the increasing number of reactions.

Although patients were asked for detailed information
concerning their problems when eating seafood, reactions
could also be aroused by other mechanisms as discussed
above. Double-blind placebo-controlled food challenges
are necessary to prove a deWnite allergy to, e.g. shrimp [31].
However, we think that our results reXect the situation in a
realistic way. We were able to contact more than 70% of
the patients which is in good accordance with other studies
using phone surveys [31–33].

The four Der p 10 positive patients had no speciWc
immunotherapy against house dust mites so far. It would be
interesting to see if the symptomatic patients would feel an

improvement of their symptoms after immunotherapy when
eating shrimp again. Improvement of oral allergy symp-
toms can be seen in birch pollen allergic patients under
immunotherapy [34]. Birch pollen allergic patients often
show oral symptoms when eating stone fruits or nuts [35].
If speciWc immunotherapy should be used to treat oral
allergy symptoms is under controversial discussion [34,
36–38]. No study evaluated the beneWt of a speciWc immu-
notherapy to house dust mites in patients suVering from
cross-reactive allergy symptoms after ingestion of shellWsh.

To clarify the importance of cross-reactivity in house
dust mite allergic patients, further epidemiological studies
with more patients are necessary. Ideally, these trials
should include double-blind placebo-controlled food chal-
lenges to be sure that reactions were not triggered by other
mechanisms.

ConXict of interest There is no conXict of interest from any of the
authors.
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