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ABSTRACT
Allergens from crustaceans and mollusks exhibit extensive

cross-reactivity in vitro. However, the degree and pattern of cross-
reactivity between different shellfish species in vivo is still unclear.
The objective of this study was to determine the clinical charac-
teristics of shellfish allergic patients in Hong Kong and the pattern
of skin test reactivities to the different species. This cohort study
involves patients attending the allergy clinic of a large teaching
hospital for suspected shellfish allergy. Each subject underwent
skin-prick tests to eight species of shellfish and house-dust mites.
Eighty-four consecutive patients were tested. Twenty-eight pa-
tients reported a history of severe anaphylaxis. Fourteen patients
had no positive shellfish skin test and were excluded. There were
183 positive shellfish skin tests, with an average of 2.61 positive
tests per subject. Ninety percent of subjects also had positive skin
tests to house-dust mites. Overall, 65.7% of subjects had more than
one positive skin test to shellfish. There were strong statistical
associations between species belonging to the same order but also
between some mollusks and crustaceans. We found a high degree
of skin test cross-reactivity between different species of shellfish
and between shellfish and house-dust mites. Therefore, patients

with a history of shellfish allergy should be cautious with all types
of shellfish. (Allergy and Asthma Proc 25:237–242, 2004)

Hong Kong has one of the highest per capita consump-
tion of shellfish in the world, estimated at 14 kg of

live, chilled, or frozen shellfish in 1997.1 Consequently,
shellfish allergy is the most common food allergy seen
among adults. Tropomyosin has been identified as a panal-
lergen with significant sequence homologies among crusta-
ceans and mollusks, as well as insects such as the fruit fly
and house-dust mites.2 It is the general impression that there
is extensive cross-reactivity between shellfish allergens, but
there are few clinical studies addressing this issue. It is unclear
whether certain species are more likely to cross-react with each
other and whether some species are more likely to elicit serious
allergic reactions. In addition, it is unclear to what extent
shellfish cross-react with other important invertebrate allergens
such as house-dust mites. In this study, we attempt to define
the extent and pattern of skin test cross-reactivity between the
shellfish species in a cohort of subjects.

METHODS

Patients attending the allergy clinic at Queen Mary Hos-
pital between April 2000 and February 2003 for sus-

pected shellfish allergy were recruited after verbal consent
was given. The presentation of previous shellfish reactions,
the types of shellfish the patients suspected they were al-
lergic to, and the history of other allergic disorders were
recorded. All patients underwent a standard panel of shell-
fish skin-prick tests including shrimp (Penaeus sp.), crab
(Callinectes sapidus), lobster (Homarus americanus), clam
(Mercenaria mercenaria), scallop (Pecten magellanicus),
oyster (Crassostrea virginica), abalone (Haliotis sp.), and
“limpet.” The house-dust mites Dermatophagoides farinae
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and Dermatophagoides pteronyssinus, together with posi-
tive and negative controls, were included also. This study
has been approved by the Institutional Review Board of the
University of Hong Kong.

Frozen abalone was purchased from a local market and
cooked by boiling in distilled water for 10 minutes. Canned
“limpets” were purchased from a food supplier (Goodview
Seafood International, Ensenada, Mexico) that supplied the
same shellfish to the largest local restaurant chain. This
shellfish is used extensively in Chinese dim sum (dump-
lings), fried rice, noodles, and soup. Several of our cases
involved ingestion of this shellfish in restaurants and fast-
food stalls. Abalone and “limpet” extracts were prepared by
cold extraction of the cooked shellfish at 4°C in sterile
phosphate-buffered saline overnight. The extracts were cen-
trifuged at 50,000 � g, and the supernatants were concen-
trated using Centricon YM-3 filter units (Millipore, Bed-
ford, MA). The total protein content was determined using
the DC protein assay (Bio-Rad Laboratories, Hercules, CA)
and the concentration was adjusted to 20 mg/mL. Before
use, the extracts were sterile filtered and diluted 1:1 with
sterile glycerin. The other extracts were purchased from
Greer Laboratories (Lenoir, NC). Prick tests were per-
formed using the ALK lancets (ALK-Abello, Horsholm,
Denmark), and the average of the largest diameter of the
wheal and its perpendicular diameter was determined. Skin test
reactions with a diameter of at least 3 mm greater than the
negative control reaction were deemed positive. The �2 tests,
using 2 � 2 contingency tables, were used to determine asso-
ciation between the skin test results of different shellfish spe-
cies, with p � 0.05 being significant.

RESULTS

Eighty-four (34 Male) consecutive patients with valid
skin test results were recruited. The average age was

33.8 years (range, 7–71 years). Twenty-eight (33.3%) pa-

tients reported a history of severe anaphylaxis that required
emergency medical treatment after shellfish ingestion. Two
patients had worsening of their asthma only, 1 patient had
contact urticaria only, and the other 53 patients complained
of cutaneous symptoms only after shellfish ingestion. The
distribution of symptoms is shown in Fig. 1. Thirty-four
patients (40.5%) had a history of asthma, 55 patients
(65.5%) had allergic rhinitis, and 21 patients (25%) had
atopic dermatitis. Twenty patients (23.8%) had no history of
other allergic diseases.

Fourteen patients (16.7%) did not have any positive shell-
fish skin test. Seven of these patients presented with ana-
phylaxis after shellfish ingestion. Two of these 14 patients
claimed they reacted to shrimp only, 2 to crab only, 1 to
oyster only, 4 to both crab and shrimp, 1 to crab and clam,
1 to abalone, and 1 to an unidentified bivalve. These pa-
tients were excluded from further analysis. Overall, 43
patients claimed they had reactions to shrimp, 37 to crab, 11
to lobster, 1 to scallop, 6 to limpet, 5 to abalone, 3 to snail,
1 to mussel, and 1 to clam. Figure 2 shows the distribution
of the number of positive shellfish skin tests per patient.
Overall, there were 183 positive shellfish skin tests with an
average of 2.61 positive reactions per patient. Sixty-five
percent of subjects had more than one positive skin test to
shellfish. The proportion of patients with skin test sensitiv-
ity to each species is shown in Fig. 3. Ninety percent of
subjects also had positive skin tests to house-dust mites.

We did not find a significant association between a his-
tory of anaphylaxis and a history of asthma (�2 � 0.29). We
also did not find significant associations between a history
of anaphylaxis and sensitivity to scallop (�2 � 0.20), oyster
(�2 � 0.69), crab (�2 � 0.58), shrimp (�2 � 0.87), or lobster
(�2 � 0.57). Anaphylaxis was positively associated with
limpet (�2 � 7.35, p � 0.01) and abalone (�2 � 4.5, p �
0.05) sensitivity and negatively associated with clam sensi-
tivity (�2 � 5.22, p � 0.05).

Figure 1. This chart shows the distribution of the presenting
symptoms of shellfish allergy.

Figure 2. This chart shows the distribution of the number of
positive skin tests per subject.
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Table I shows the probability of a patient having sensi-
tivity to a shellfish species if he/she has a positive or
negative skin test to another shellfish species. For example,
if a shellfish-allergic patient has a positive skin test to clam,
his/her probability of having a positive skin test to scallop
was 0.55, whereas if his/her skin test to clam was negative,
the probability of sensitivity to scallop was only 0.05. Table
II shows the results of the �2 values between skin test results
of two species. Sensitivity to the bivalve mollusks, scallop,
clam, and oyster is significantly interdependent, and so is
the sensitivity between the crustaceans shrimp and lobster,
and the sensitivity between limpet and abalone. There is
also a significant association between shrimp and the bi-
valves, crab and limpet, scallop and limpet, and scallop and
abalone. Overall, of the 70 patients with positive shellfish
skin tests, 25 (35.7%) patients were sensitive to crustaceans
only, 18 (25.7%) patients were sensitive to mollusks only,
and 27 (38.6%) patients were sensitive to both crustaceans
and mollusks.

DISCUSSION

Shellfish is one of the most common causes of food
allergy among adults in Hong Kong. This probably is

caused by the ubiquity of shellfish in the local diet. It is a
common belief among the lay public that people allergic to
one shellfish species are at high risk of reactions to other
shellfish species. Although there is some serological evi-
dence to support this hypothesis, the degree of clinical
cross-reactivity is still unknown. The aim of this study was
to define the pattern of skin test reactivities to different
shellfish species of crustaceans and mollusks in a cohort of
patients.

We selected subjects for this study based on clinical
history. Fourteen out of the 84 patients did not have positive
skin tests to the eight species tested, although every patient

claimed to have experienced clear-cut allergic reactions
after ingesting some sort of shellfish. One possible reason is
that although cross-reactivity is prevalent among shellfish
species, some patients have been found only to react to a
specific species of shellfish,3 which our skin test panel
might have missed. Often, it is difficult for a layperson to
identify different species of shellfish, especially when Chi-
nese cooking frequently renders the ingredients unidentifi-
able. In addition, other hidden ingredients in the meal might
have been responsible for the allergic reaction.

By history, more patients claimed that they were allergic
to shrimp or crab than other species. This might be because
shrimp and crab are the most easily identifiable shellfish
species on the dining table and the most frequently con-
sumed. In our experience, clinical history often is inaccurate
because species identification by patients is unreliable. In
Chinese, “shrimp” might mean shrimp, prawn, and even
scampi. Patients might also be misled by restaurants that
mislabel cheap food ingredients as more expensive ones.
One common practice is to substitute abalone with limpet.
Many patients avoided eating all shellfish after their first
allergic reaction, making it difficult to ascertain whether
they might be allergic to other species. However, even with
avoidance, almost all of our subjects had experienced un-
intentional exposure. Hidden seafood allergens often are
present in Chinese dim sum, soup, and rice porridge.

Symptoms of shellfish allergy can range from trivial to
life threatening. In our cohort, one-third of the subjects
experienced anaphylaxis after shellfish ingestion. It is our
impression that shellfish is a common cause of anaphylaxis
in the adult population of Hong Kong, but this figure might
be an overestimation because patients with milder symp-
toms are less likely to be referred for specialist consultation.
We did not find an increased risk of anaphylaxis in those
subjects with asthma, but the efficacy of modern controller
medications might have negated this tendency. We could
find only an association between limpet and abalone sensi-
tivity and the risk of anaphylaxis. This is consistent with the
general perception among the lay public that these shellfish
are more likely to cause severe allergic reactions.

Our results indicate a high incidence of cross-reactivity
between different shellfish species on skin testing. Sixty-
five percent of subjects had more than one positive shellfish
skin test, which is consistent with previously published
reports, with each subject reacting to an average of 33% of
all species tested.

Shrimp (genera Penaeus and Metapenaeus) allergens are
the most thoroughly studied shellfish allergens. The major
heat-stable allergen of shrimp was first identified by Hoff-
man4 to be a 38-kDa glycoprotein and called shrimp antigen
II. Subsequently, a similar allergen from Penaeus aztecus
that reacted with sera from 82% of shrimp-allergic subjects
was identified by other investigators5 and called Pen a 1.
Pen a 1 is responsible for most of the allergenicity of
shrimp; it inhibited 85% of the radioallergosorbent test
(RAST) reactivity to whole body shrimp extract.6 The

Figure 3. This chart shows the proportion of subjects having a
positive skin test reaction to each species. DP, Dermatophagoides
pteronyssinus; DF, Dermatophagoides farinae.
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amino acid sequence of Pen a 1 showed significant homol-
ogy with tropomyosins from various other species.7 The
major heat-stable allergen from Penaeus indicus (Pen i 1)8

and Metapenaeus ensis (Met e 1)9 also have been sequenced
and found to be tropomyosins. Subsequently, major aller-
gens from other crustacean species including the common
crab Charybdis feriatus (Cha f 1),10 spiny lobster Panulirus
stimpsoni (Pan s 1),11 and American lobster Homarus
americanus (Hom a 1)11,12 have been sequenced and also
found to be tropomyosins. The major allergens from the
various crustacean species show a high degree of amino
acid sequence homology (reviewed by Reese et al.2),
in most cases �90%. Cross-inhibition studies between
Cha f1 and Met e 10 and between Hom a 1, Pan a 1, and
Met e 19–11 indicated a high degree of immunoglobulin E

(IgE) cross-reactivity between these species as well. Clini-
cally, it has been reported that patients with shrimp sensi-
tivity often complain of reactions to other crustacean spe-
cies.13 Our data also support these findings. For example, a
shellfish-allergic subject with a positive skin test to shrimp
has a 70 and 78% chance of having reactivity to crab and
lobster, respectively. If the shrimp skin test is negative, the
chance of positive reactions to crab and lobster is reduced to
49 and 28%.

The most commonly eaten mollusks belong to the classes
Bivalvia (clam, scallop, oyster, and mussel), Gastropoda
(abalone, limpet, and whelk), and Cephalopoda (squid and
octopus), although species belonging to the classes Polypla-
cophora (chitons) and Scaphopoda (tusk shells) are some-
times eaten also. Indeed, almost any shellfish, as long as it

TABLE I

Probability of Having a Positive Skin Test to the Shellfish Listed at the Top Depending on Whether the Skin Test to
the Shellfish Listed in the Left Column is Either Positive or Negative

Scallop Clam Oyster Crab Shrimp Lobster Abalone Limpet

Positive Skin Test
Overall 0.13 0.16 0.21 0.57 0.39 0.47 0.32 0.45
Scallop 0.67 0.56 0.67 0.78 0.67 0.63 0.88
Clam 0.55 0.46 0.64 0.91 0.82 0.44 0.63
Oyster 0.33 0.33 0.67 0.73 0.60 0.42 0.46
Crab 0.15 0.18 0.25 0.48 0.58 0.25 0.31
Shrimp 0.26 0.37 0.41 0.70 0.78 0.39 0.41
Lobster 0.18 0.27 0.27 0.70 0.64 0.30 0.38
Abalone 0.25 0.20 0.25 0.45 0.45 0.45 0.79
Limpet 0.25 0.18 0.18 0.39 0.32 0.39 0.54

Negative Skin Test
Overall 0.13 0.16 0.21 0.57 0.39 0.47 0.32 0.45
Scallop 0.08 0.16 0.56 0.33 0.44 0.27 0.39
Clam 0.05 0.17 0.56 0.29 0.41 0.30 0.43
Oyster 0.07 0.11 0.55 0.29 0.44 0.29 0.45
Crab 0.10 0.13 0.17 0.27 0.43 0.41 0.63
Shrimp 0.05 0.02 0.09 0.49 0.28 0.28 0.48
Lobster 0.08 0.05 0.16 0.46 0.16 0.33 0.52
Abalone 0.07 0.12 0.16 0.63 0.33 0.49 0.30
Limpet 0.03 0.09 0.18 0.70 0.38 0.53 0.12

The first row of data is the overall rate of sensitization to the shellfish listed at the top.

TABLE II

The �2 Value Between Two Shellfish Skin Tests Determined by Using 2 � 2 Contingency Tables

Clam Oyster Crab Shrimp Lobster Abalone Limpet

Scallop 20.24***** 7.14*** 0.38 6.70*** 1.58 4.00* 6.65***
Clam 4.47* 0.23 15.09***** 6.30** 0.78 1.12
Oyster 0.71 9.74**** 1.27 0.67 0
Crab 3.14 4.02* 1.76 6.12**
Shrimp 16.55***** 0.91 0.25
Lobster 0.08 0.28
Abalone 12.63*****

*p � 0.05, **p � 0.025, ***p � 0.01, ****p � 0.005, *****p � 0.001.
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is not poisonous, can be found on the table of Hong Kong
restaurants! Major allergens from several mollusks, includ-
ing the oyster Crassostrea gigas (Cra g 1),14,15 spiny top
shell Turbo cornutus (Tur c 1),16 abalone Haliotis midae
(Hal m 1),17 Pacific squid Todarodes pacificus (Tod p 1),18

and the brown garden snail Helix aspersa (Hel as 1)19 have
been identified. These were all found to be tropomyosins
with significant sequence homology between the different
species.

Cross-reactivity between mollusk species and between
mollusks and crustaceans is not well defined. An early study
showed significant RAST and skin-prick test reactivity to
oyster in shrimp-allergic subjects.20 In another study, IgE
reactivity against different Gastropoda, Bivalvia, and
Cephalopoda species was found in nine out of nine sera
from shrimp-allergic subjects.21 Our findings suggest sig-
nificant cross-reactivity between the bivalves and between
abalone and limpet. We are not able to confirm the identity
of the limpet, because processing before canning removes
most of the features that can be used for identification.
However, the morphology of what remains suggests that it
might be a chiton, which belongs to the class Polypla-
cophora, rather than a limpet, which is a gastropod. IgE
immunoblots against a panel of limpet and chiton extracts,
using sera from subjects sensitized to this shellfish but not
to abalone, seem to confirm this hypothesis (Wu AY and
Williams GA, unpublished data). Nevertheless, there is
strong association between this shellfish and abalone. Clin-
ical cross-reactivity between different species of gastropods
probably is common; one of our patients, a university stu-
dent known to be allergic to abalone, suffered fatal anaphy-
laxis recently after ingesting three snails. Our data also
suggested that cross-reactivity between mollusks and crus-
taceans is common; 39% of subjects with positive shellfish
skin tests were sensitive to both mollusks and crustaceans.
Whether these associations are clinically meaningful re-
quires additional investigation, because a previous study
failed to show any correlation between oyster and shrimp
cross-reactivity during RAST inhibition studies and clinical
sensitivity.21 However, a recent report showed significant
cross-reactivity between scallop and shrimp by immunoblot
inhibition in a seafood worker with occupational asthma.22

The subject reacted to inhalation challenges with both scal-
lop and shrimp.

Because crustaceans belong to the phylum Arthropoda,
several studies have addressed the issue of cross-reactivity
between crustaceans and other arthropod classes such as
insects and arachnids. The tropomyosin allergen Der P 10
from Dermatophagoides pteronyssinus shares �65% se-
quence homology with other invertebrate tropomyosins and
reacted to shrimp anti-tropomyosin antibodies.23 Serum
from shrimp-allergic subjects identified 7/8 Pen a 1-homol-
ogous epitopes in Der p 10/Der f 10, suggesting that these
homologous epitopes are responsible for the cross-reactivity
seen between shrimp and house-dust mites.24 Ninety per-
cent of our subjects had positive skin-prick tests to D.

pteronyssinus and/or D. farinae. This might simply reflect
the highly atopic nature of our subjects, because house-dust
mites are the most common aeroallergens in Hong Kong.
For comparison, a recent study showed that 77.5% of 227
adult asthma patients attending our clinic had positive skin
tests to D. pteronyssinus and/or D. farinae. In a separate
study, we interviewed and performed shellfish skin tests on
111 adult patients before starting dust-mite immunotherapy
for allergic rhinitis at our ear, nose, and throat department.
All of these patients had positive skin test and nasal chal-
lenge responses to D. pteronyssinus and/or D. farinae.
Twenty-nine (26%) of these patients had skin test reactivity
to a shellfish mix extract (ALK-Abello), but only 6 of these
subjects reported previous reactions to shellfish (Wu AY
and Williams GA, unpublished data). Therefore, cross-re-
acting antibodies to shellfish might be common in dust-
mite-allergic subjects but clinical reactions are much less so.
However, cross-reactivity between house-dust mites and
shellfish can be clinically important. Van Ree et al. reported
that 2 of 17 patients undergoing mite immunotherapy de-
veloped snail sensitivity, and the novel IgE antibodies
cross-reacted with mites.25 One of our subjects, an 8-year-
old girl with anaphylactic sensitivity to shrimp, suffered an
episode of anaphylaxis after heavy exposure to house-dust
mites while playing with an old rag doll.

Skin test positivity to several shellfish species does not in
itself prove cross-reactivity, because this also might be
caused by cosensitization in highly atopic individuals. IgE
cross-inhibition assays will be required to confirm cross-
sensitization. This study also is limited by the lack of data
regarding clinical sensitivity. Skin test reactivity does not
automatically infer clinical sensitivity, and challenge stud-
ies are needed for confirmation. However, it is difficult to
perform challenge tests in clinical practice, especially when
there is a risk of anaphylaxis. Most practicing allergists
would rely on skin test findings for diagnosis and man-
agement, and few patients will consent to challenge test-
ing, especially if they have experienced severe symptoms
in the past. Therefore, additional studies that include
double-blind placebo-controlled food challenges are re-
quired to document the clinical cross-sensitivity between
shellfish species.
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