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ABSTRACT

Introduction: Shellfish allergy is an important cause of food allergies worldwide. Both in vivo and
in vitro diagnostics failure nowadays is caused by the poor quality of the extracts associated with
the scarce availability of allergenic molecules in the market. It is known that not all patients with
shellfish allergies experience adverse reactions to mollusks. It is still unclear how to detect and
diagnose these patients correctly.

Aim: To investigate the features of shrimp-allergic patients either reactive or tolerant to mollusks,
with the currently available diagnostic methods.

Methods: Nineteen centers, scattered throughout ltaly, participated in the real-life study,
enrolling patients allergic to shrimp with or without associated reactions to mollusks. Patients
underwent skin tests using commercial extracts or fresh raw and cooked shrimp and mollusks, and
IgE reactivity to currently available allergenic extracts and molecules was measured in vitro.

Results: Two hundred and forty-seven individuals with a self reported adverse reactions to shrimp
participated in the study; of these 47.8% reported an adverse reaction to mollusks ingestion
(cephalopod and/or bivalve). Neither of the tests used, in vivo nor in vitro, was able to detect all
selected patients. Accordingly, a great heterogeneity of results was observed: in vivo and in vitro
tests agreed in 52% and 62% of cases. Skin tests were able to identify the mollusk reactors
(p < 0.001), also using fresh cooked or raw food (p < 0.001). The reactivity profile of mollusk
reactors was dominated by Pen m 1, over Pen m 2 and Pen m 4 compared to tolerant subjects, but
33% of patients were not detected by any of the available molecules. Overall, a higher frequency
of IgE rectivity to shrimp was recorded in northern Italy, while mollusk reactivity was more frequent
in the center-south.
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Conclusion: The current diagnostic methods are inadequate to predict the cross-reactivity be-
tween crustaceans and mollusks. The detection of mollusks hypersensitivity should still rely on skin
tests with fresh material. The exclusion of mollusks from shrimp allergic patients’ diets should occur
when clinical history, available diagnostic instruments, and/or tolerance tests support such a

decision.

Keywords: Multiplex analysis, IgE diagnosis, Tropomyosin, Crustaceans, Mollusks, Food allergy,

Urticaria/angioedema, Anaphylaxis

INTRODUCTION
Background/rationale

Shellfish is included among the “Big Eight” food
groups responsible for most cases of food al-
lergy." It is estimated that depending on the
different geographic areas, about 3% of the
general population is allergic to shellfish."? This
generic term includes many different invertebrate
species which are divided into 2 large groups:
crustaceans (shrimps, crabs, lobsters, etc) and
mollusks (Bivalvia, such as clam, mussels, scallops
or oysters, and Cephalopoda, like squids,
cuttlefish or octopuses, etc).>* These taxonomic

classifications are essential to predict the
structural, immunological, and allergological
similarities that underlie a possible cross-

reactivity.” The availability and consumption of
shellfish vary greatly in different parts of the
world, representing the second cause of primary
food allergy in ltaly after lipid transfer proteins.®
Even eating habits, including the different
methods of food processing, may exert a strong
impact on the incidence and severity of allergy to
crustaceans and mollusks, since in some cases
physical treatments can increase or reduce IgE
reactivity,” depending on the molecule involved
in patient sensitization.® So far, it has been
argued that due to the cross-reactivity among al-
lergens in invertebrates, primarily tropomyosin,
the patient allergic to crustaceans should also
exclude cephalopods and Bivalvia from the diet.
However, recent studies seem to suggest that this
is not the case; in fact, a significant proportion of
crustacean allergic patients report that they usually
tolerate other invertebrates.’

Both in vivo and in vitro diagnostics failure
nowadays is caused in part by the poor quality of

the extracts, and extract-based diagnostics can
also be limited by cross-reactivity, failing to detect
IgE  crosslinking.’®"" It has been widely
demonstrated that diagnostics with commercially
available shellfish extracts do not always lead to
the correct identification of sensitized patients."?
Also, from the point of view of a molecular
approach, another main diagnostic problem is
that all the components commercially available
for in vitro tests come from crustaceans and not
from mollusks. Consequently, IgE diagnostic
approach for mollusks adverse reaction is often
indirectly based on a presumptive but not fully
demonstrated cross-reactivity, unless tests with
fresh, raw or cooked cephalopod or Bivalvia are
carried out, with all the drawbacks associated with
such an approach.

Objectives

The main aims of this study were: (i) to investi-
gate the sensitization pattern characteristics of
patients allergic to shrimp with or without cross-
reactivity to cephalopods and/or bivalve mol-
lusks; (ii) to define the molecular profile in both
cross-reacting and non-cross-reacting individuals;
(iii) to highlight any differences in the severity of
the allergic reactions; and (iv) to investigate the
geographical differences in shellfish sensitization
profiles in Italy.

PATIENTS AND METHODS
Study design

We conducted a multicentre cross-sectional
observational clinical survey on shellfish allergy,
aimed at identifying how many shrimp-allergic
patients are also mollusk- and/or shrimp-reactive
and which are the best tools to identify them.
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Setting

Nineteen allergy centers scattered throughout
ltaly participated in the study. Doctors consecu-
tively enrolled as many patients as possible with an
unequivocal allergy to shrimp between May 15
and November 15, 2021.

Participants

The main eligibility criterion was a self-reported
history of food allergy to shrimp, after ingestion,
and the selection methods of the participants were
the presence of a positive skin prick test (SPT) with
commercial shrimp extract and/or prick to prick
(PTP) skin test with fresh raw or cooked shrimp, or
the presence of IgE to shrimp. The source of the
participants was the allergy clinics participating in
the study, where patients were interviewed closely
about shellfish allergy and/or tolerance. The diag-
nosis of tolerance was based on a patient’s history
of consumption without any problem.

Variables

Shellfish-induced allergic reactions reported by
patients included both mild (oral allergy syndrome
or isolated gastrointestinal reactions) and
moderate-severe reactions (urticaria/angioedema,
anaphylaxis).

Given the observational nature of the study, no
randomization procedure was implemented dur-
ing enrollment.

Data sources/measurement

The clinical histories were confirmed by a posi-
tive PTP with fresh food (shrimp, mussel or clam for
bivalves, and octopus or squid for cephalopods
either raw or cooked) and/or SPT with commercial
extracts of shrimp and mollusks currently available
in ltaly (Alk-Abello” s.p.a., Allergy Therapeutics
ltalia, Anallergo, FirmaSrl, Roxall ltalia, Lofarma,
and Stallergenes Italia Srl) and/or by the detection
of IgE specific for shellfish extracts by ImmunoCAP
(shrimp, bivalve, evaluated by mussel and/or clam,
and cephalopods, tested with octopus and/or
squid), and Pen a 1 (tropomyosin) (Thermo Fisher,
Uppsala, Sweden).

In a subset randomly selected (98 individuals,
48 from North Italy and 50 from Center-South lItaly)
a more in-depth evaluation was carried out by the

Allergy Explorer-ALEX2® (Macroarray Diagnostics,
Vienna) multiplex platform evaluating a broader
profile of shellfish molecules,’® including Pen m 1
(tropomyosin), Pen m 2 (arginine kinase), Pen m 3
(myosin light chain), and Pen m 4 (sarcoplasmic
calcium-binding protein) all from Black-Tiger
shrimp (Penaeus monodon), Cra ¢ 6 (the
troponin-c from brown shrimp, Crangon crangon),
Der p 10 (tropomyosin), and Der p 11 (paramyosin)
both from Dermatophagoides pteronyssinus, as
well as of shellfish extract including crab, lobster,
northern shrimp, white shrimp, squid, mussel,
oyster, clam, and scallop. IgE levels >0.3kUA/L
were considered positive as per the manufacturer’s
instructions.

Bias

The diagnosis of shellfish allergy was not
confirmed by blinded or open oral food chal-
lenges due to both the severity of several reactions
and the fact that many centers were not sufficiently
equipped in terms of facilities or personnel to
manage possible severe allergic reactions.

Study size

The study size was reached by enrolling the
maximum number of patients in the 6 months set
for the study by the participating centers.

Quantitative variables

Study participants, all allergic to shrimp, were
grouped as reactors or tolerant to mollusks.
Further grouping was obtained for the reactors,
based on the outcome reported from the clinical
history, as a mild or moderate-severe adverse re-
action. Further grouping was achieved by the
participants’ reactivity to SPT with commercial
products or PTP with fresh foods and/or at specific
IgE levels, either via extracts or molecular
components.

Statistical methods

The sampled data were recorded and analyzed
by SPSS (version 27.0.1.0 SPSS, Inc, Chicago, llI).

In univariate analysis, the non-parametric Mann-
Whitney U test (2 groups) was first used to
compare continuous IgE values in subjects with or
without a given clinical involvement; then, each
variable of interest was dichotomized (as negative



4 Scala et al. World Allergy Organization Journal (2022) 15:100685

http://doi.org/10.1016/j.waojou.2022.100685

or positive) to study the proportion of subjects with
symptoms in the two groups thus obtained.

Pearson'’s ? test or Fisher's exact test (used for
two-by-two contingency tables with less than 50
cases) were used to assessing if paired observa-
tions on two variables expressed in a contingency
table, were independent of each other.

We performed multiple logistic regression for
the clinical variables with dichotomous scores
(present, absent) to see whether the association
between clinical symptoms and different shellfish
allergens reactivity was present after simulta-
neously adjusting for the other variables of interest.

The degree of relationship between the quan-
titative variables studied was analyzed using the
Spearman Correlation (rho) test, and the most
commonly used bivariate correlation technique. A
value of p < 0.05 was considered statistically
significant.

To provide a visual representation of the distri-
bution of the different molecules in panallergen
families, we have produced Venn diagrams using
the VennMaster 0.38 package’®

Ethical issues

The study was approved by the Ethical Com-
mittee of the coordinating centre (IDI-IRCCS CE |
667/2021). Data collection takes place anony-
mously, using only data obtained through routine
specialist surveys. Recruited patients gave
informed consent to the use of their clinical data in
an anonymous form.

RESULTS
Participants

Two hundred forty-seven individuals (M 48.2%,
F 51.8%; mean age 39 + 17, range 2-79 years)
enrolled in the 19 centers participating in the
study, represented the study group.

Descriptive data

Forty-four per cent (n = 108) of the patients
came from central-southern ltaly, while the
remaining 56% (n = 139) of cases had been
recruited in northern ltaly. The repository Figure 1
and the associated Table detail the number
of patients recruited at each center, including

the demographics and clinical features (eg, sex,
age, house dust mite reactivity, and percentage
of subjects from northern/central-southern Italy of
each group).

Outcome data

All patients selected for the study reported a
clinical history suggesting an adverse reaction to
shrimp confirmed by positive in vivo and/or in
vitro testing, but only 47.8% of them (n = 118)
reported adverse reactions after the ingestion of
cephalopods or bivalves; of these, 38.5% (n = 95)
experienced urticaria/angioedema, and 9.3%
(n = 23) anaphylaxis. Eight per cent of the pa-
tients who could not tolerate the mollusks also
reported rhinitis symptoms, and 4.9% dyspnoea
and wheezing. No age and sex differences were
detected concerning symptom severity.

Main results

Neither of the tests used, in vivo nor in vitro, was
able to detect all selected patients as positive.
Indeed, 60.9% of the patients scored positive on
SPT with shrimp extract; 78.3% scored positive on
PTP with fresh food, 65,8% with cooked food, and
72.4% showed specific IgE to shrimp by Immuno-
CAP. Thirty-nine (16.6%) individuals were negative
for skin tests with both commercial extracts and
raw or cooked shrimp but scored positive on
specific IgE assays.

As shown in Table 1, a concordance between
commercial SPT and IgE assay for shrimp was
found only in 56% of patients; concordance rose
to 62% between PTP with raw or cooked fresh
shrimp and the in vitro test. Comparing the in
vivo and in vitro evaluations with cephalopods
(squid or octopus) or bivalves (mussels or clams),
an even higher heterogeneity of results was
observed (Table 1).

No correlation was found comparing IgE levels
to shellfish extracts, shrimp, cephalopods, and
bivalve, except for a moderate relationship be-
tween cephalopods and mussels (rho 0.634,
p < 0.001).

To evaluate the prevalence of IgE reactivity to
mollusks in shrimp reactive subjects, our patients
were extensively studied in vitro with both extracts
and allergenic molecules, using singleplex and
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Crustacean

IgE testing
Cephalopod Bivalvia

- +

+ - +

- 47(22.7%) | 35(16.9%)

51(32.1%) | 19 (11.9%) 45 (25.3%) | 32(18.0%)

Shrim
P 9(4.3%) |116(56.0%)

56 (35.2%) | 33(20.8%) 59(33.1%) | 42 (23.6%)

14 (12%) | 64 (54.7%)

SPT

62 (56.4%) | 11 (10.0%) 52 (47.7%) | 22 (20.2%)

Cephalopod i
+ 7(6%) 32(27.4%)

8(7.3%) |29(26.4%) | |14(12.8%) | 21(19.3%)

13 (11.1%) | 76 (65.0%)

58 (53.7%) | 23 (21.3%) 61 (55.0%) | 23 (20.7%)

9(8.3%) |18(16.7%) | | 5(4.5%) |22(19.8%)

15.5%) | 6(6.2%) 17(16.2%) | 4(3.8%)

52.6%) | 25 (25.8%) | | 54 (51.4%) | 30 (28.6%)

15 (
51
24(25.3%) | 8(8.4%) | | 25(24.5%)| 8(7.8%)
41(43.2%) | 22(23.2%) | | 43 (42.2%) | 26 (25.5%)

55(60.4%) | 5(5.5%) | |48(51.1%) | 14 (14.9%)

8(8.8%) | 23(25.3%) 15(16.0%) | 17 (18.1%)

57(64.0%) | 6(6.7%) | |47(52.2%) | 15(16.7%)

5(5.6%) |21(23.6%) | |13(14.4%) | 15(16.7%)

51(56.0%) | 16 (17.6%) | | 60 (60.6%) | 14 (14.1%)

11(12.1%) | 13 (14.3%) | | 7(7.1%) | 18(18.2%)

55(61.8%) | 17 (19.1%) 58 (61.7%) | 17 (18.1%)

Bivalvia 6(5.1%) | 22(18.8%)
-| 10(8.1%) | 17 (13%)
£ W [19(15.4%) | 78 (63.4%)
= cooked " |19(16:4%) | 21(18.1%)
+| 5(4.4%) |71(61.2%)
&
%13 row  L17(15.6%) | 56 (51.4%)
18 +| 8(7.3%) |28(25.7%)
F -1 16 (16.2%) | 54 (54.5%)
é g [cooked 4(4%) | 25(25.3%)
a
| aw  [A705:5%) | 64 (582%)
2 +| 7(6.4%) | 22(20%)
.;z: cookeq 115(15%) | 65(65%)

4(4%) | 16(16%)

6(6.7%) | 11(12.4%) 5(5.3%) |14 (14.9%)

Table 1. Italian Multicenter real-life Study on mollusk allergy in shrimp allergic patients, May 15 to November 15, 2021. Concordance
among commercial SPT, PTP and ImmunoCAP IgE assay for Crustaceans and Mollusks are shown (shaded when p<0.05)

multiplex methods. Fig. 1 shows the reactivity to
the different diagnostic approaches, in vivo and
in vitro, in mollusk tolerant patients. The mollusk
reactor participants showed a significant (<0.01)
greater frequency of reactivity to molluscs when

&
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&

p<0,01

p<0,01
p<0,01

evaluated with both skin tests (both SPT and
PTP), and IgE (both multiplex and singleplex
systems). Interestingly, also the in vitro reactivity
to tropomyosin was more frequently observed in
subjects reactors to molluscs.
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Fig. 1 The figure shows the prevalence of reactivity to the tests performed in the Italian Multicenter real-life Study on mollusk allergy in
shrimp allergic patients, May 15 to November 15, 2021. (skin prick test with commercial extracts, prick - prick with fresh foods, both cooked
or raw, and in vitro dosage of specific IgE to extract with ImmunoCAP singleplex method) respectively, in mollusk tolerant subjects, or with a
history of an adverse reaction to cephalopods or bivalves. Significant differences are indicated in the figures (p < 0.01)
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As shown in Table 2, IgE sensitization to shrimp
was significantly associated with hypersensitivity to
cephalopods (p < 0.005), but not to bivalves on
singleplex testing. Notably, specific IgE levels did
not differ in the two groups.

On the other hand, when shrimp immunore-
active patients were evaluated by the multiplex
system, they were also more frequently positive
for crab, lobster, northern and white shrimp,
squid, mussel, and clam, but not for oyster and
scallop (Table 2). Crustacean reactivity was
accompanied by significantly higher levels of
specific IgE in all extracts tested, except for
crab, oyster, and scallop, where specific IgE
levels did not differ.

From the molecular point of view, IgE reactivity
to crustaceans was associated with a significantly
higher frequency and higher levels of specific
IgE to tropomyosins (both Pen m 1 and Der p 10)
and sarcoplasmic calcium-binding protein (Pen

Crustacean IgE reactivity Pearson
- + x? Sig.
-| 41(24.4% 73 (43.5%
Cephalopod (24.4%) (435%) | 5 334 0.005
x +| 8(4.8%) | 46(27.4%)
%_ IgE Levels 0.39+1.6 221+6.59 ns
2 . -| 31(16.1%) | 87(45.3%)
& Bivalvia
+| 23(12.0%) | 51(26.6%) ns
IgE Levels 1.36+4.57 2.87+10.15
- .5% 12.79
Crab 38(53.5%) 9 %) 33.965 <0.001
+  2(2.8%) 22 (31.0%)
IgE Levels 6.7+42.21 6.83+12.59 ns
-| 36(51.4% 9(12.9%
Lobster ( %) ( %) 30.119 <0.001
+| 3(43%) | 22(31.4%)
IgE Levels 0.14+0.38 4.05+5.84 p<0.01
| 39(56.5%) | 16(23.2%)
Northern shrimp 22.833 <0.001
+| 0(0.0%) | 14(20.3%)
IgE Levels 0.01+0.01 5.35+11.03 p<0.01
x
-| 36(52.2% 10(14.5%
2|  White shrimp (52.2%) (14.5%) | ¢ 535 <p.001
s +| 3(4.3%) | 20(29.0%)
§ IgE Levels ~ 0.07+0.17 3.4849.46 p <0.01
-l 8(11.6% 16 (23.2%
Squid (11.6%) (232%) | ¢ 055 0,005
+| 8(33.3%) | 16(66.7%)
IgE Levels 048+1.79 286+6.31 p<0.01
N o o
Mussel ~|-S247.8%) | 18(26.1%) | ¢ g 1 551
6(8.7%) | 12(17.4%)
IgE Levels 0.18+0.35 1.33+3.45 p<0.01
-1 26(37.7%) | 15(21.7%)
Oyster
+| 13(18.8%) | 15(21.7%) ns
IgE Levels 1.34+5.19 2.29+4.45

m 4), in comparison with the patient that
scored negative for specific IgE to crustaceans
(Table 2).

Other analyses

Sensitization profiles and clinical correlations

One hundred-eighteen (47.8%) patients re-
ported also moderate (80.5%) to severe (19.5%)
reactions after ingestion of mollusks. There was no
difference in the frequency of reactive episodes
related to sex or age.

Interestingly, a higher risk of developing a se-
vere reaction after mollusks intake was associated
with skin test reactivity to commercial extracts of
cephalopod (OR: 4.81; Cl 1.8-9.3; p < 0.001) or
bivalves (OR: 14.970; Cl 4.2-53.3; p < 0.001).
Similarly, mollusk reactors showed a high fre-
quency of reactivity to both raw (OR: 4.492; CI 1.9-
10.4; p < 0.001) and cooked squid (OR: 3.040; ClI
1.3-7.3; p < 0.001), and to both raw (OR: 20.907;

Crustacean IgE reactivity Pearson
R + x? Sig.
-1 39(56.5% 16 (23.2%
Clam (56.5%) (23.2%) 15, ¢33 <0.001
N +| 0(0.0%) | 14(20.3%)
%_ IgE Levels 0.05+0.06 221504 p<0.01
]
3 -| 34(49.3%) | 21(30.49
S Scallop ( ) ( )
5(7.2%) 9(13.0%) ns
IgE Levels 0.54+1.93 0.25+0.4
Py 1-| 57(26.3% .69
enm. 57(26.3%) | 86(39.6%) 28,646 <0.001
Tropomyosin +| 4(1.8%) 70 (32.3%)
IgE Levels 0.15+0.57 7.39+27.7 p<0.01
Penm2 -| 38(37.6%) | 43(42.6%)
Arginine Kinase +| 5(5.0%) 15 (14.9%) ns
IgE Levels 0.63+3.24 1.01+3.08
Penm3 -| 41(56.2%) | 30(41.1%)
Myosin LC +| 0(0.0%) 2(2.7%) ns
IgE Levels 0.01+0.02 214+11.41
3 Penm4 -| 40(41.2%) | 45(46.4%)
a 6.462 0.011
S SCB +| 1(1.0%) | 11(11.3%)
§ IgELevels  0.03+0.12 0.96+2.57 p<0.01
Carc6 -| 36(52.2%) | 24(34.8%)
TroponinC +| 3(4.3%) 6(8.7%) ns
IgE Levels 0.62+2.72 3.09+10.98
R o o
Derp:!.O 43 (43.0%) | 28(28.0%) 20,904 <0001
Tropomyosin +| 3(3.0%) 26 (26.0%)
IgE Levels 0.14+0.64 6.38+13.63 p<0.01
Derp 11 -| 38(54.3%) | 30(42.9%)
Paramyosin +| 1(1.4%) 1(1.4%) ns
IgE Levels 0.07+0.08 0.53+2.65

Table 2. Mollusks extract and molecules IgE sensitization frequency and levels as per multiplex (ALEX2 test) and singleplex (ImmunoCAP)
detection in individuals with or without IgE reactivity to shrimp (even if positive after skin tests, SPT and/or PTP, with shrimp). ns = not

significant
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Cl 5.8-75.2; p < 0.001) and cooked clam (OR:
17.249; Cl 3.1-41.1; p < 0.001).

The multiple logistic regression analysis, when
simultaneously adjusted for the presence of spe-
cific IgE in all the extracts studied, age, and sex,
showed a significant relationship between a history
of adverse reaction to mollusks and IgE reactivity
to both cephalopods (OR,q; 4.0, 95% CI 1.5-10.7,
p < 0,01) or bivalve (OR,q; 7.6, 95% CI 3.1-18.6,
p < 0.0001) extracts. Moreover, as shown in
Table 3, allergy to mollusks was associated with
IgE reactivity to northern shrimp
(Litopaenaeussetiferus), squid (Loligo  spp.),
mussel (Mytilus edulis), oyster (Ostrea edulis),
clam (Ruditapes spp.), and scallop (Pecten spp.)

extracts. Pen m 1 (Penaeus  monodon
tropomyosin) hypersensitivity was significantly
associated with an increased risk of severe

reaction to mollusks.

Three patients scoring SPT positive to shrimp
showed in vitro reactivity to bivalves (both oyster
and mussel) in 2 cases and squid in 1 case, but no
sign of IgE reactivity against any of the extracts and
molecules of crustaceans in vitro, with only a low
reactivity in one case to paramyosin (0.24 kU/L)
and tropomyosin (0.39 kU/L) from house dust mite
(Der p 11 and Der p 10 respectively).

As summarized in Fig. 2, the molecular
sensitization profile was dominated by Pen m 1,
but this occurred more frequently in those who
did not tolerate mollusks. Moreover, mollusks
reactors showed also a two times higher
frequency of sensitization to arginine kinase and
sarcoplasmic calcium-binding protein (Fig. 2).
Interestingly, the number of shrimp allergic
patients who did not react to any of the
molecules currently available for in vitro
diagnostics was very high, particularly among
those who tolerated cephalopods and bivalves
(47%).

The proportion of patients scoring positive or
negative on the different in vivo and in vitro tests
performed in the study in the light of their reac-
tivity or tolerance to mollusks is summarized in
Fig. 1, showing a greater frequency of Bivalvia and
cephalopod reactivity both with in vivo (both SPT
and PTP), and in vitro (both multiplex and
singleplex systems) in mollusks reactors.

Geographical differences in shellfish sensitization
profiles

We also analyzed the data as a function of the
geographical distribution of patients, distinguish-
ing between northern and centre-southern areas
of Italy. We found a higher frequency of crusta-
ceans reactivity in northern ltaly, irrespective of the
diagnostic tests used (skin prick test, PTP test with
fresh or cooked food, and specific IgE measure-
ment for allergen extracts), whilst in centre-
southern Italy a more frequent sensitization to
Bivalvia was recorded (Fig. 3A-C). This observation
was in keeping with a higher frequency of
reactions to bivalves in the south, whilst the
sensitization levels to cephalopods were
comparable among the south and north (Fig. 3 D).

DISCUSSION
Key results

In our multicenter study, involving 19 centers
scattered throughout ltaly, we evaluated the
sensitization profile of allergic subjects to shrimp
reactive or not reactive also to mollusks.

We confirmed once more that the diagnostics
with both extracts and the currently available
molecules are inadequate to detect properly pa-
tients hypersensitive to crustaceans and mol-
lusks."® We observed a great heterogeneity of
results from one patient to another using the
routine diagnostic approaches, including SPT
with commercial extracts, PTP with fresh material,
and specific IgE measurements. We previously
showed the unreliability of commercial extracts
for SPT available on the market due to
differences in allergenic protein concentrations,
thus potentially leading to confounding results."?

The currently available molecular diagnostics for
shellfish shows 2 major pitfalls. First, not all
allergen molecules are present on the diagnostic
platforms and, secondly, all the molecules avail-
able derive from crustaceans and none from mol-
lusks. We found that the molecular profile of
patients allergic to shrimp and reactive or tolerant
to mollusks shows differences in the frequency of
sensitization to tropomyosin, AK and SCB, indi-
cating that a larger and more specific number of
molecules might lead to a more defined and
clearer pattern of sensitization to mollusk allergy
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Clinical Outcome

Reactors Tolerant
Variable N % N % N % ORc 95%CI P-value
Crab 47 66% 21 54% 26 81% 1
ionoecetes spp, 4 4% 1 46% 19% " 3714 1.3-11.0 0.015
(Ch ) 2 34% 8 6% 6 9%
Lobster 45 64% 21 55% 24 75% 1
(Homarus gammarus) 25 36% 17 45% 8 25% " 2428 0.9-6.8 0.08
Northern shrimp 55 80% 26 68% 29 94% 1
(Litopaenaeus setiferus) 14 20% 12 32% 2 6% " 6.602 1.3-32.7 <0.01
White shrimp 46 67% 22 58% 24 77% 1
(Pandalus borealis) 23 33% 16 42% 7 23% " 2.493 0.9-7.2 0.08
Squid 45 65% 19 50% 26 84% 1
(Loligo spp.) 24 35% 19 50% 5 16% 5.2 1.6-16.4 <0.01
Mussel 51 74% 20 53% 31 100% 1
(Mytilus edulis) 18 26% 18 47% 0 0% 1.9 1.4-2.6 <0.001
Oyster 41 59% 12 32% 29 94% 1
(Ostrea edulis) 28 41% 26 68% 2 6% " 31.416 6.4-153.7  <0.001
Clam 55 80% 24 63% 31 100% 1
(Ruditapes spp.) 14 20% 14 37% 0 0% " 1583 1.2-2.0 <0.001
Scallop 55 80% 24 63% 31 100% 1
(Pecten spp.) 14 20% 14 37% 0 0% " 1.583 1.2-2.0 <0.001
PP
Penm1 146 66% 53 51% 93 79% 1
Tropomyosin 75 34% 51 49% 24 21% " 3728 2.1-6.7 <0.001
Penm2 82 80% 43 74% 39 87% 1
Arginin kinase 21 20% 15 26% 6 13% " 2267 0.8-6.4 0.117
Penm3 72 97% 37 97% 35 97% 1
Myosin light chain 2 3% 1 3% 1 3% 0.945 0.1-15.7 0.969
Penm4 86 88% 49 84% 37 93% 1
SCB 12 12% 9 16% 3 8% " 2.265 0.6-9.0 0.234
Crach 60 87% 32 84% 28 90% 1
Troponin C 9 13% 6 16% 3 10% 1.75 0.4-7.7 0.453
Derp 11 68 97% 38 97% 30 97% 1
Paramyosin 2 3% 1 3% 1 3% 0.789 0.1-13.2 0.868

Table 3. Extract- and molecule-IgE sensitization frequency in shrimp-allergic individuals reactors or tolerant mollusks. ns = not significant

(Fig. 2). The molecular diagnosis of mollusk allergy
is therefore often indirect, based on the
presumption of cross-reactivity with crustaceans,
unless proven with the oral food challenge. Of the
58 shellfish molecules currently registered as al-
lergens by the WHO/IUIS Allergen Nomenclature
Sub-Committee, only 8 belong to mollusks (see
Table in the repository). If one considers, for
instance, that the tropomyosins from mollusks

share no more than 60% amino acid sequence
identity with the other allergenic tropomyosins
isolated so far from crustaceans, insects, mites, and
fish,? one can easily figure out that this might lead
to a failure in the detection of allergic patients.”® A
2018 study showed that in the pacific oyster
extract, along with many specific allergens of
invertebrates present in fish, and mites, it is
possible to isolate allergens from other different
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Fig. 2 Molecular sensitization profile in 98 patients allergic to crustaceans that were tolerant 40 patients) or reactors (58 patients) to
cephalopods and/or bivalves. The area-proportional Venn diagrams show the logical relationship between the single molecules currently
available for shrimp allergy diagnosis in the fraction of tolerant patients and the fraction who react to mollusks. The squid picture is given as
an example of cephalopods and the mussel as an example of bivalves. Null refers to the percentage of patients not reactive to any molecule
tested; AK: Arginine kinase; SCB: Sarcoplasmic calcium-binding protein; MLC: Myosin light chain

biological sources such as pollen and fungi, thus  different geographic areas of the country. We

prompting interesting scenarios about possible  detected that in the north sensitization to crusta-

unexpected sources of sensitization.”” ceans was much more frequent than in the center/

south, where in turn sensitization to cephalopods

Another interesting point concerns the differ- and bivalves was more prevalent_ These
ences in sensitization profiles observed in the

Skin Prick test Specific IgE
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100% 00
Pp <0,001
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Fig. 3 The figure shows the comparison of the results of the tests performed in the population of the ltalian Multicenter real-life Study on
mollusk allergy in shrimp allergic patients. in the north compared with central-southern Italy. The results of SPTs with commercial extracts
are shown in A, the differences in the IgE assay with the singleplex method (ImmunoCAP) in B, the in vivo tests with fresh, cooked or raw
food in C, and the different tolerance profiles in D. to the respective foods indicated in the figure, between north and central-southern Italy.
The significant differences are shown directly within the figure
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differences might be the result of different culinary
habits between the north (where the way of life
is more similar to that in Central and
Northern Europe) and the south, where habits
are similar to those in other Mediterranean coun-
tries such as Greece or Spain.®'® However, at
present, there are no studies evaluating the
different culinary habits and their impact on
allergy sensitization in ltaly. When dietary and
nutritional patterns were studied in an elderly
rural population in ltaly, higher consumption of
animal fats, sugar and alcoholic beverages
was observed in northern Italy, while in
southern lItaly a higher intake of fruit, vegetables,
fish and olive oil, with significant differences
between women and men.'"® In addition,
geographical differences could also underlie
different sensitization mechanisms according to
different environmental exposure.'® Furthermore,
possible occupational exposure should be
considered.??2?" These points need to be
addressed in future studies.

The finding of 3 single patients (1.2%) who were
in vitro mono-reactors to bivalves (both oyster and
mussel) but not to shrimp (the reactivity to the
shrimp was recorded only by in vivo tests), allows
us to speculate that primary sensitization to mol-
lusks may be, albeit rarely, possible, sometimes
associated with sensitization also to house dust
mites.?? A study designed to verify whether
reactivity is always secondary to sensitization to
mite allergens should be carried out, focusing on
a pediatric-only population.

Limitations

Objective limitations of the study are the
absence of oral food challenge in patient selec-
tion, which was based only on history, and the use
of heterogeneous commercial preparations, both
for in vivo and in vitro diagnostics, where the
producers do not declare always the exact species
of crustacean used in the preparation.

Due to the real-life, multi-center nature of the
study, which included 19 different centers, not the
same products and procedures were used by all
participating professionals. Thus, in some centers
the reaction to bivalves has been verified with
clams, cooked or raw, and in others with mussels.

Interpretation

In conclusion, our multicenter real-life study on a
large sample of shrimp allergic patients study
shows the following:

(i) We confirm that current diagnostic methods
are inadequate to predict cross-reactivity be-
tween shrimp and mollusks due to the lack of
specific mollusk allergens and because these
are only partially cross-reactive to crustacean
homologue proteins;

(ii) The detection of mollusk hypersensitivity must
still rely on PTP with fresh material (and oral
challenges where possible);

(iii) Clinically, the exclusion of mollusks from
shrimp-allergic patients’ diets, should occur
after appropriate investigation, when available
diagnostic instruments support such a deci-
sion, even if at present only oral food challenge
may be a predictor of tolerance;
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