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ABSTRACT

Background: Cross-reactivity between shrimp andhousedustmite (HDM)proteins has beenwidely
documented. However, a significant geographical variability in sensitization patterns and cross-
reactive allergens has been reported which may impact the diagnosis and management of shrimp
allergy among HDM-shrimp co-sensitized patients. This study aimed to investigate the prevalence of
shrimp and tropomyosin sensitization among HDM-allergic patients in order to understand the local
epidemiology to inform the development of targeted diagnostic and therapeutic tools.

Methods: Four hundred forty-six (446) HDM-allergic patients and 126 atopic controls were
screened for shrimp-specific IgE using the IMMULITE 2000 XPI� System. HDM-shrimp sensitized
subjected were also tested for IgE tropomyosin (nPen m 1) and thoroughly interviewed about their
shellfish consumption habits. Tropomyosin sensitized patients were subjected to further analysis
including measurement of IgE specific to squid and crab.

Results: Theprevalenceofshrimpsensitization in theHDM-allergicpopulationwas20.4%vs0%inthe
control group.Of them63.7%were clinically allergic to shrimp,while 9 cases had no history of allergic
reaction to this food and 24 patients reported not having consumed shrimpbefore. Besides, 72.5%of
theHDM-shrimpsensitizedsubjectshadtropomyosin-specific IgEwithapositivity rateof82.8%among
shrimp-allergic patients. Among tropomyosin reactors, 95.5% were sensitized to crab and 89.5% to
squid, none of them had previously ingested neither crab nor squid. Nevertheless, one-third of HDM-
shrimp sensitized patients who never consumed shrimp before did not react to tropomyosin.

Conclusions: Shrimp allergy seems to be strictly dependent on HDM sensitization, at least in this
geographical area. Therefore, HDM allergic patients should be systematically screened for shrimp
sensitization and asked about the consumption of shellfish. Tropomyosin is a major and clinically
relevant shrimp allergen that accounts for shellfish-HDM cross-reactivity. However, other compo-
nents could be involved.
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INTRODUCTION
Shellfish, including crustaceans and mollusks, is
1 of the “big 8” allergenic classes of food1 that can
be associated with severe allergic reactions
including anaphylaxis in both children and
adults.2,3 Reported prevalence rates range from
0.2% to 7.7% depending on geographic
locations, dietary habits, age, and the method of
diagnosis.4 The majority of involved species are
the crustaceans, with shrimp being by far the
most prominent.

Tropomyosin (TM) was the first major allergen
identified in shellfish.5 It is an alpha-helical coiled-
coil dimeric protein associated with actine fila-
ments that regulate muscle fibers contraction.6

Only invertebrate TMs are allergenic, and their
primary structure is highly conserved which can
explain the clinical cross-reactivity among various
shellfish species that led to them being defined as
a pan-allergen.7

More interestingly, TM is also responsible for
cross-reactivity with arthropods such as house dust
mites (HDM) and cockroach,8 where they were
identified as minor aeroallergens. The molecular
basis for this cross-reactivity was initially reviewed
by Ayuso et al who demonstrated that mite (Der p
10) and shrimp tropomyosin (Pen a 1) share a high
sequence homology of 81%.8,9 This homology can
explain the link between HDM and shrimp
allergy.10–13

Despite the central role of tropomyosin, ad-
vances in molecular biology allowed the identifi-
cation of other crustaceans allergens such as
arginine kinase (AK),14 sarcoplasmic calcium-
binding protein (SCBP),15 myosin light chain
(MLC),16 hemocyanin, troponin,17 and
triosephosphate isomerase,18 of which the
clinical relevance still needs to be fully defined.
Nevertheless, some of them potentially cross-
react with homologous HDM allergens such as
HDM-arginine kinase (Der p 20)19 and high
molecular weight allergens in both shrimp and
HDM, such as hemocyanin.20–22

These cross-reactivities raised several questions
about the diagnosis and management of shrimp
allergy among HDM-shrimp co-sensitized patients.
In fact, a clinically irrelevant sensitization may al-
ways be considered due to the probability of
finding positive IgE without any clinical implication.
The beneficial or harmful effect of HDM immuno-
therapy in shrimp allergy is still controversial and
might be related to differences in the total dose of
tropomyosin present in the immunotherapy prep-
arations23 as well as the route of administration.
Indeed, HDM immunotherapy has been reported
to induce either shrimp allergy in non-allergic pa-
tients,24 shrimp tolerance in shrimp-allergic pa-
tients,23 or no effect on shrimp sensitization.25

In order to tailor immunotherapy for individual
patients and develop more reliable diagnostic
tools, more investigations are needed to under-
stand the mechanisms and temporal relationship
between HDM and shellfish sensitization. However,
the most difficult challenges in reaching this goal
are the complex shellfish IgE reactivity profile and
differences in mite-shellfish cross reactivity based
on the climate and geographic locations.26

Considering the importance of these data, the
authors aimed to investigate the prevalence of
shrimp and tropomyosin sensitization among
HDM-allergic Algerian patients, in order to un-
derstand the local epidemiology and determine
the best approach to evaluate the risk of allergic
reactions associated with crustaceans’ ingestion in
mites-allergic patients.
METHODS

Patient selection and study design

Clinical records of all HDM allergic patients who
presented to the Department of Medical Immu-
nology of Beni-Messous Teaching Hospital Center
in Algiers, Algeria, between January 2018 and July
2021 were reviewed.The diagnosis of HDM allergy
was done by a physician based on a history of
perennial respiratory symptoms and a positive
specific IgE result (�0.35 kU/l, IMMULITE 2000
XPI�, chemiluminescent enzyme immunoassay
(CLEIA)) to at least 1 of the HDM extracts: Derma-
tophagoides pteronyssinus or Dermatophagoides
farinae. Specific IgE results to other airborne al-
lergens (cat and dog dander, grass, weed, and tree
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Fig. 1 Schematic of the study design.
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pollen) were also retrieved from the electronic
medical records of the patients.

Cases with 1 of the following criteria were
excluded: those for whom serum was not available
at our serum bank, those who had lost contact, and
those who were previously treated by
immunotherapy.

To achieve the aims of the study, we carried out
the following steps (Fig. 1):

- Patients who fulfilled the above criteria were
initially selected.

- Regardless of whether they reported allergic
symptoms or not, all the selected patients were
evaluated for shrimp sensitization by specific IgE
to the whole shrimp extract.

- Shrimp-sensitized patients were subjected to
further detailed analysis including measurement
of tropomyosin-specific IgE.

- Among shrimp-sensitized patients, shrimp al-
lergy was diagnosed according to history of im-
mediate allergic symptoms after shrimp
ingestion.

One hundred and twenty-six atopic patients,
sensitized to different airborne allergens (cat
epithelium (39.7%), tree pollen (38.1%), grass
pollen (31%), weed pollen (12.7%), cockroach
(4.8%) except HDM, were selected from our data
base and included as a control group. They were
screened for shrimp sensitization in the same way
as the population of study.
Specific IgE measurement

Patients’ and controls’ sera were obtained from
the serum bank of our department. Specific IgE
(sIgE) were measured using the IMMULITE 2000
XPI� system (Siemens Medical Solutions Di-
agnostics, Los Angeles, CA) following the manu-
facturer’s guidelines.

First, all selected patients and controls were
analyzed for specific IgE (sIgE) to shrimp (F24).
Second, those with positive results were also
tested for sIgE tropomyosin (nPen m 1). Finally,
depending on the availability of blood serum, the
tropomyosin sensitized patients were tested for
sIgE to squid (F258) and crab (F23) as well as nDer
p 1 and nDer p 2.

Results were expressed in concentrations (kU/l)
and a value of sIgE �0.35 kU/L was regarded as
positive according to the manufacturer’s recom-
mendation. Sera yielding sIgE levels above 100
kU/l were diluted (1:10) to determine the exact
value of the measurement.
Diagnosis of shrimp allergy

All patients with shrimp sensitization, were
contacted by phone and thoroughly interviewed
about their seafood consumption habits and their
tolerance to shellfish at the time of the initial
attendance. Patients were asked about the



Control
group

All HDM allergic
patient

Shrimp sensitization

HDM allergy
and Shrimp -

HDM allergy
and Shrimp + p

Number of patients 126 446 335/466 (79,6%) 91/466 (20,4%) /

Age, years, mean � SD
[range]

23,3 � 10,8
[4-73]

21,7 � 14,5
[0,6–74]

21,4 � 14,6 23,1 � 14,3 0,190

Gender 0,579
Males, % (n/N) 46,8% (59/126) 46,9% (209/446) 46,2% (164/355) 49,5% (45/91)
Females, % (n/N) 53,2% (67/126) 53,1% (237/446) 53,8% (191/355) 50,5% (46/91)

HDM related symptoms
Asthma, % (n/N) 47,6% (60/126) 43,7% (195/446) 40,6% (144/355) 56% (51/91) 0,008
Rhinitis, % (n/N) 63,5% (80/126) 61% (272/446) 59,4% (211/355) 67% (61/91) 0,185
Co-sensitization aeroallergens, % (n/N) na 38,3% (171/446) 38,3% (136/355) 38,5% (35/91) 0,979
Co-sensitization food allergensa, % (n/N) na 07% (31/446) 6,2% (22/355) 9,9% (9/91) 0,217

Der p sensitization
% (n/N) 0% (0/126) 98,7% (440/446) 98,3% (349/355) 100% (91/91) 0,607
sIgE level (kU/l) na 27,8 (4,7–84,4) 22,3 (3,7–70,4) 62,2 (20,6–142) <0,001

Der f sensitization
% (n/N) 0% (0/126) 94,2% (420/446) 92,7% (329/355) 100% (91/91) 0,004
sIgE level (kU/l) na 17,3 (2,9–56,3) 12,9 (2,1–42,6) 49 (16,4–96,9) <0,001

Table 1. Baseline characteristics of the study population and comparative analysis between patients with co-sensitization to mite and shrimp and those sensitized only to mites. Data are
presented as medians and inter-quartiles (Q1-Q3) or % (n/N) (%), where N is the total number of patients. p values comparing patients with and without shrimp sensitization are from Mann-Whitney U test, c2 test or
Ficher’s exact test as appropriate. na: not available. aOthers than shellfish
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Fig. 2 Clinical symptoms associated to shrimp ingestion. (a) comparison of sIgE levels to shrimp between symptomatic and asymptomatic
patients. (b) prevalence of symptoms and (c) sIgE to shrimp according to the grade of severity. Shrimp allergic patients vs asymptomatic: (d)
sIgE levels to Der p (e) sIgE level to Der f (f) Asthma (g) Sensitization status. ns: not significant, *p<0.05, ***p<0.001.

Volume 15, No. 4, Month 2022 5



6 Lamara Mahammed et al. World Allergy Organization Journal (2022) 15:100642
http://doi.org/10.1016/j.waojou.2022.100642
offending food, symptoms, the lapse between the
intake and the onset of symptoms, the required
treatment, the duration of symptoms, and associ-
ated allergies. Those reporting a clinical history of
food hypersensitivity (ie, immediate cutaneous re-
actions, oral allergy syndrome, digestive signs, or
life-threatening symptoms) after ingestion of
shrimp were defined as allergic to shrimp. The
severity of reported symptoms was assessed into
03 categories based on the grading system pro-
posed by L. Blazowski et al:27 mild (grade I),
moderate (grade II or III), severe (grade IV).

- mild: mucocutaneous symptoms (ie, pruritus, ur-
ticaria, flashing or angioedema—not laryngeal).

- moderate: the presence of gastrointestinal (ie,
abdominal pain, diarrhea, vomiting) or respira-
tory symptoms (ie, feeling of difficult breathing,
upper airway angioedema).

- Severe: life-threatening symptoms (ie, respiratory
failure, loss of consciousness).
Ethics approval

The study was approved by the institutional
ethics committee of Beni-Messous Teaching Hos-
pital Center in Algiers (CHUBM-26-18), Algeria.
Blood samples were initially collected for diag-
nosis purposes and all participants or their legal
tutors gave a written informed consent for possible
subsequent uses of their samples for research.
Statistical analysis

SPSS software (IBM Statistic 20.0) and RStudio
(version February 1, 5033) were used for statistical
analysis and data visualization. Categorical vari-
ables were expressed as frequency rates or per-
centages and significance was detected by chi-
square testing or Fisher’s exact test. Shapiro-Wilk
normality test was conducted to estimate the dis-
tribution of the continuous variables, where p <

0.05 indicate that sIgE allergens levels were not
normally distributed. Continuous variables were
expressed as medians and interquartiles (Q1-Q3).
Differences between 2 independent groups were
evaluated using the Mann-Whitney U-test. The
comparison of quantitative variables in multiples
independent groups was completed using Kruskal
Wallis test followed by a post-hoc analysis with
Bonferroni adjustment, to compensate for multiple
comparisons. Correlations between quantitative
variables were determined using the Spearman
rank correlation analysis. For all statistical analysis,
p < 0.05 was considered statistically significant.

RESULTS

Prevalence of shrimp sensitization in house dust
mite allergic patients

Four hundred and forty-six HDM allergic pa-
tients were enrolled in the study. The basic data of
patients and controls are summarized in Table 1.
The prevalence of shrimp sensitization in the
HDM allergic population was 91/446 (20.4%) vs
0/126 (0%) in the control group (p < 0.001).
Among HDM allergic patients, no significant
differences were found in gender and age
characteristics between those with and without
shrimp sensitization (p > 0.05). Interestingly,
compared to the shrimp non-sensitized patients,
the prevalence of asthma was higher in those who
were sensitized (40.6% vs 56%; p ¼ 0.008) with
higher sIgE levels to D.pteronyssinus (22.3 (3.7–
70.4) kU/l vs 62.2 (20.6–142) kU/l; p < 0.001) and
D.farinae (12.9 (2.1–42.6) kU/l vs 49 (16.4–96.9) kU/
l; p < 0.001).

Clinical relevance of shrimp sensitization

Fifty-eight of 91 patients sensitized to shrimp
(63.7%) were clinically allergic to this food while 9
(9.9%) cases had no history of allergic reaction to
shrimp and 24 (26.4%) patients reported not hav-
ing consumed shrimp before (Fig. 1). It is worth
noting that, those with shrimp allergy showed a
significantly higher median level of sIgE to
shrimp than patients reporting good tolerance
(56.6 (19.75–177.3) kU/l vs 0.45 (0.4–1.2) kU/l)
(Fig. 2a).

As shown in Fig. 2b, among shrimp allergic
patients, mild symptoms (mucocutaneous
reactions) were the most frequent (37/58, 63.8%)
while anaphylaxis was reported in only 17.2%
(10/58) of the cases. Furthermore, there was a
significant difference among sIgE levels to shrimp
in the different groups of sensitized patients,
grouped according to severity of symptoms (p <
0.001) (Fig. 2c). Indeed, shrimp-specific IgE level
was significantly lower in patients with mild re-
actions (5.6 (1.7–20.9) kU/l) compared to those
with moderate or severe reactions (85.2 (31.2–175)

https://doi.org/10.1016/j.waojou.2022.100642


Fig. 3 Venn diagram showing shrimp and tropomyosin
sensitization among HDM allergic patients.
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kU/l and 33.5 (27.3–109) kU/l respectively).
Whereas, no statistically significant difference in
the level of sIgE to shrimp has been observed
between patients with moderate and severe reac-
tion (p > 0.05).

Median sIgE levels to D.pteronyssinus, D.farinae
and frequency of asthma were higher in shrimp
allergic patients as compared to non-allergic but
not statistically significant (Fig. 2d, e and 2f).
Alternatively, patients monosensitized to HDM
had higher prevalence of shrimp allergy than
Fig. 4 Tropomyosin sensitized patients vs non-sensitized (a) prevalence
those who reacted to different airborne allergens
(95.1% vs 73.1%, p ¼ 0.022, Fig. 2g).
Tropomyosin as a major shrimp allergen and
cross-reactive allergen

In the study population, among the 91 patients
co-sensitized to HDM and shrimp, tropomyosin
sIgE was positive in 72.5% (66/91) of the cases
(Fig. 3) with a positivity rate of 82.8% (48/58)
among shrimp allergic patients. Besides,
tropomyosin sensitized subjects reported more
frequently allergic reactions associated with
shrimp’s ingestion than the non-sensitized (98%
vs 55.6%; p < 0.001) (Fig. 4a) and had higher
shrimp-specific IgE levels (28.1 (8.8–73.8) kU/l vs
0.9 (0.5–2) kU/l; p < 0.001) (Fig. 4b). Nonetheless,
10/58 (17.2%) of patients clinically allergic to
shrimp, did not react against tropomyosin
(Table 2).

Since they share tropomyosin as a pan-allergen,
sensitization profile to crab and squid were also
examined. Among tropomyosin reactors, 95.5%
were sensitized to crab and 89.5% to squid
(Table 2). However, it is important to note that
none of the sensitized patients had ingested
neither crab nor squid before. Moreover,
correlations between the level of sIgE to nPen m
1 and sIgE to crab and squid were analyzed. It
of symptoms (b) sIgE to shrimp. ***p<0.001.



Shrimp sensitization (N ¼ 91)

HDM þ Shrimp þ
Tropomyosine �

HDM þ Shrimp þ
Tropomyosine þ p

% (n) 27,5% (25/91) 72,5% (66/91) /

Age (median�SD) 26,7 � 13,6 21,8 � 14,4 0,077

Gender 0,088
Males, % (n) 64% (16/25) 43,9% (29/66)
Females, % (n) 36% (09/25) 56,1% (37/66)

HDM related symptoms
Asthma, % (n) 56% (14/25) 56,1% (37/66) 1
Rhinitis, % (n) 68% (17/25) 66,7% (44/66) 1

Shellfish consumption
Never consumed, % (n) 28% (07/25) 25,8% (17/66) /
Shrimp consumption, % (n) 72% (18/25) 74,2% (49/66) /
Squid consumption, % (n) 28% (07/25) 0% (0/66) /
Crab consumption, % (n) 0% (0/25) 0% (0/66) /

Shrimp related symptoms
Asymptomatic, % (n) 44,4% (08/18) 2% (01/49) <0,001
Symptomatic, % (n)
� Mild
� Moderate
� Severe

55,6% (10/18)
90% (09/10)
0% (0/10)

10% (01/10)

98% (48/49)
58,3% (28/48)
22,9% (11/48)
18,8% (09/48)

/
/
/

Co-sensitization aeroallergens, % (n) 60% (15/25) 30,3% (20/66) 0,015

Co-sensitization food allergensa, % (n) 4% (01/25) 12,1% (08/66) 0,435

Der p sensitization, sIgE level (kU/l) 40,3 (7,2–106,8) 72,2 (29,9–160,8) 0,029

Der f sensitization, sIgE level (kU/l) 33,5 (5,5–59,2) 58,7 (20,6–105,3) 0,007

nDer p 1 sensitizationb

% (n/N) na 69% (40/58) /
sIgE level (kU/l) na 2,7 (0,1–41,8) /

nDer p 2 sensitizationb

% (n/N) na 70,7% (41/58) /
sIgE level (kU/l) na 3,1 (0,1–291,8) /

Shrimp sensitization, sIgE level (kU/l) 0,9 (0,5–2) 28,1 (8,8–73,8) <0,001

Crab sensitizationc

% (n/N) na 95,5% (42/44) /
sIgE level (kU/l) na 35,4 (9,5–141,3) /

Squid sensitizationd

% (n/N) na 89,5% (51/57) /
sIgE level (kU/l) na 8,4 (1,8–31,7) /

Table 2. Comparative analysis between patients with and without tropomyosin sensitization in HDM-shrimp co-sensitized patients. Data are
presented as medians and inter-quartiles (Q1-Q3) or % (n/N) (%), where N is the total number of patients. p values comparing patients with and without shrimp
sensitization are from Mann-Whitney U test, c2 test or Ficher’s exact test as appropriate. na: not available. aOthers than shellfish. bTested for 58 patients. cTested
for 44 patients. dTested for 57 patients
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Fig. 5 Correlations between the level of sIgE to nPen m 1 and sIgE to crab and squid.
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turned out a significant positive and strong
correlation between sIgE nPen m 1 and other
sIgE (p < 0.001) (Fig. 5).

Notably, a third of HDM-shrimp sensitized pa-
tients who never consumed shrimp before didn’t
react to tropomyosin (Table 2).
Sensitization to major HDM allergens among the
shrimp/tropomyosin sensitized patients

All shrimp/tropomyosin sensitized patients had
increased sIgE levels to both species of HDM. sIgE
levels to D.pteronyssinus and D.farinae were
significantly higher in tropomyosin sensitized pa-
tients than in non-sensitized (72.2 (29.9–160.8) kU/l
Fig. 6 Correlations between the level of sIgE for nPen m 1 and those s
vs 40.3 (7.2–106.8) kU/l; p ¼ 0.029 and 58.7 (20.6–
105.3) kU/l vs 33.5 (5.5–59.2) kU/l; p ¼ 0.007
respectively). Besides, a moderate positive corre-
lation was found between sIgE to nPen m 1 and
sIgE to D.farinae (r ¼ 0.603; p < 0.001); whereas
the strength of correlation turned out to be lower
between nPan m 1 and D.pteronyssinus (r ¼ 0.485;
p < 0.001) (Fig. 6).

Regarding the HDM allergen components,
among the 66 tropomyosin reactors, the frozen
blood serum of 58 patients was still available for
testing. 69% (40/58) of them were sensitized to
nDer p 1, 70.7% (41/58) to nDer p 2 and 63.8%
(37/58) were co-sensitized to both of them
(Table 2). Nonetheless, 24.1% (14/58) did not show
pecific for Der p and Der f.
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sIgE to any of the 2 major HDM allergens; even
though they all presented perennial respiratory
symptoms with history of clinical expression upon
household exposure to dust mites. Interestingly,
within this last group, there was a very strong
positive correlation between sIgE to nPen m1
and sIgE to D.pteronyssinus (r ¼ 0.938; p <

0.001) and D.farinae (r ¼ 0.960; p < 0.001) (data
not shown).
DISCUSSION

This is the first study that has ever evaluated the
prevalence of shrimp sensitization among a large
cohort of Algerian patients with clinically defined
HDM allergy, which also allowed to observe the
role of tropomyosin as major allergen in shrimp
sensitized patients. The strength of the current
work is that we analyzed not only serological pa-
rameters but also clinical symptoms, providing a
number of interesting results that are worth
discussing.

First, our results highlighted the link between
HDM and shrimp sensitization. In fact, none of the
atopic control vs 20.4% of the HDM-allergic sub-
jects react in vitro to shrimp extract. A similar
finding has been described by Celi et al in an
Italian study13 suggesting that shrimp sensitization
is closely related to HDM-allergy. Furthermore, of
the 91 patients reacting to shrimp in our study,
26.4% of the cases denied having consumed
shrimp before. These results indicated that IgE
sensitization to shrimp in this last group occurred
as a result of indirect sensitization to cross-reacting
allergens. This is in line with what have been pre-
viously reported by many authors where shrimp
sensitization was observed in HDM-sensitized
subjects who have never been exposed to
shrimps due to their religious eating habits28 or a
vegetarian diet.29 Nonetheless, it is important to
point out that this close causal relationship
between HDM and shellfish sensitization has
been questioned in some populations. Indeed,
Hemmer et al30 reported, in a study from Central
Europe, that only 34.3% of shellfish allergic
patients were positive for the dust mite allergens
Der p/f 1 or 2.

Another relevant observation from the results of
this study and others from the literature, is that the
positivity rates of shrimp sIgE among HDM-allergic
patients was higher than those in the general
population. Indeed, a systematic review of fish and
shellfish allergy prevalence,31 including 61 studies,
concluded that shellfish sensitization ranged from
0% to 10.3%, a lower percentage compared to
those reported in HDM-allergic patients in which
19.2%–32.9% had sIgE to shrimp.12,32,33 These
epidemiological data provide further proof on
the potential role of inhalant mite allergens in
shrimp sensitization and such prevalence
suggests that the cross-reactivity involves minor
mite allergens. Tropomyosin has been the main
panallergen implicated so far. IgE initially pro-
duced against mites’ tropomyosin (Der p 10), also
react to tropomyosin of shrimp (Pen a 1).8

Moreover, indirect sensitization by cross-reacting
tropomyosins is not limited to shrimp but also
occur with other shellfish. In fact, in our study
among HDM-allergic patients with tropomyosin
reactivity, 95.5% were sensitized to crab and 89.5%
to squid, whereas none of them had ingested crab
nor squid before. This serological cross-reactivity is
related to a high molecular homology between
different tropomyosin molecules.9 Indeed, like
other allergenic components, tropomyosin from
phylogenetically related crustacean demonstrates
a significant amino acid similarity attains up to
98%,9,34 whereas homology between crustacean
and molluskan is lower (57%–64%).9,35 However,
our results indicate that tropomyosin is not the
only cross-reacting allergen. One-third of HDM-
shrimp sensitized patients who never consumed
shrimp before did not react to tropomyosin.

Alternatively, tropomyosin is the major allergen
in shrimp and in all edible crustacean species,5 as
confirmed by our results where 82.8% (48/58) of
shrimp allergic patients reacted to tropomyosin.
This is in line with the results of Ayaso et al,36

Gamez et al,37 and Yang et al38 who reported
positivity rates of 57% in the United States, 89%
in Spain, and 71.4% in Brazil, respectively.
However, in other studies involving different
populations (Italy, Japan, Singapore),13,21,39,40

less than 50% of shrimp allergic patients were
found to be reactive to tropomyosin. As noted by
Tsedendorj et al,39 sensitization to tropomyosin
may be dependent on the geographic area.

As with other IgE mediated food allergies, a
convincing clinical history and evaluation of
sensitization with SPT and/or detection of serum
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sIgE are essential for the diagnosis of shrimp al-
lergy.41 Interestingly, compared to non-sensitized
patients; those with tropomyosin sensitization re-
ported more frequently allergic reactions associ-
ated with ingestion of shrimp (55.6% vs 98%, p <

0.001). This suggested that in vitro determination
of IgE antibodies to tropomyosin is more effective
than IgE to the whole extract. In fact, Yang et al38

had demonstrated that despite a similar
sensitivity and negative predictive value,
determination of the sIgE to tropomyosin was
more specific and had a higher positive
predictive value of a clinical allergy (Sp:92.8%,
VPP:71.4%) than SPT (Sp:64.2%, VPP:33.3%) or
IgE to whole shrimp extract (Sp:75%, VPP:41.6%).
This IgE reactivity to whole extract without clinical
correlation could be attributed to some
allergens, which seem more likely associated to a
mite-shellfish cross reactivity than real shrimp al-
lergy such as hemocyanin.42 Indeed, hemocyanin
was more frequently recognized by tolerant
patients (negative double-blind placebo-
controlled food challenge, DBPCFC) than shrimp
allergic ones,42,43 being also recognized by
subjects allergic to HDM and/or cockroach with
no sensitization to shrimp, whereas tropomyosin
and SCBP were the principal allergens associated
with clinical reactivity to shrimp.42 Nevertheless, a
2014 case study reported anaphylaxis to shrimp
caused by hemocyanin.44

In spite of tropomyosin clinical relevance, oral
food challenge (OFC) is often necessary in HDM
allergic subjects with tropomyosin sensitization
who had never before consumed shrimp or other
shellfish to avoid false positive diagnosis. Actually,
even with a positive IgE-tropomyosin result, some
patients can be tolerant (Yang et al:38 7.1% [2/28],
Gamez et al:37 33% [6/18], Pascal et al:42 28.6% [8/
28]). On the other hand, in the present study 27.5%
of the shrimp sensitized subjects did not react to
tropomyosin and 55.6% of them showed clinical
symptoms after eating shrimp with one patient
reporting severe reaction, suggesting that
allergens other than tropomyosin may be
sufficiently relevant to induce life-threatening re-
actions upon ingestion.

Based on current evidences, in absence of
clinical reaction, HDM-allergic patients should not
be advised to avoid shrimp or related shellfish
spices only according to a positive sIgE result to
tropomyosin. Also, it should not be the only
component used for the diagnosis of shrimp al-
lergy. Therefore, allergen panels combining major
and minor allergens has been proposed to
improve diagnostic accuracy.18,42 Pascal et al42

recommended in a multi-center study in the
United States, Brazil, and Spain, an interesting di-
agram for shrimp allergy diagnosis based on 3
allergenic components (TM, SCBP, MLC) avoiding
a systemic need for a food challenge. However,
even with the complete panel of 10 allergens (TM,
SCBP isoform alpha and beta, MLC, AK, hemocy-
anin, fatty-acid-binding protein, and 3 troponin C
protein), 03 patients (5.2%) did not show IgE
binding to any recombinant allergen suggesting
the existence of other shrimp-allergens that remain
unidentified. Taken together, these observations
showed that despite the promise of component
resolved diagnostic (CRD), shellfish allergy re-
mains particularly challenging to diagnose due to
the complex shellfish IgE reactivity profile.

Beside tropomyosin sensitization, other risk
factors for shrimp allergy have been previously
identified including monosensitization to HDM
with high sIgE levels, the presence of HDM-
induced asthma, and anti-shrimp IgE
levels.13,33,37,38,42,43 These factors are potential
markers that could allow to select cases who
require (or not) a shrimp oral challenge. In the
current study, a significant higher prevalence of
shrimp allergy was found among patients
monosensitized to HDM as compared to those
who reacted to different airborne allergens
(95.1% vs 73.1%, p ¼ 0.022). Celi et al13

suggested that extensive sIgE reactivity toward a
large number of allergens is protective against
the development of food allergy or severe
allergic reactions like in subjects with food
allergy to lipid transfer protein.45 Otherwise, in
our case, sIgE levels to HDM and the frequency
of asthma were significantly associated with
shrimp sensitization but not with shrimp allergy.

It is worth nothing that our study has some lim-
itations. First, we did not perform inhibition ana-
lyses to confirm HDM-shrimp cross-reactivity.
Moreover, it was a single center study limited to
patients from the north-center regions of Algeria.
The primary sensitizer and cross-reactive allergens
may be different in locations with different climate
and supposed different levels of mites. In fact, IgE
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reciprocal inhibition assays in a Spanish cohort
identified mite as the primary sensitizer in patients
living in a humid climate while shrimp was
observed to be the primary sensitizer in dry
climate population.26 Therefore, a multi-center
study, including patients from different area of
the country, would significantly enhance the
strength of our results and explore possible dif-
ferences in the sensitization profiles according to
the studied population. Finally, although patients
were thoroughly interviewed about their shellfish
consumption habits, the discrepancy between self-
reported allergy and real allergy cannot be
underrated.31,46 Allergic reactions could be
amplified by other cofactors, such as physical
exercise, concomitant infections, alcohol and anti-
inflammatory drugs intake.47 Thus, DBPCFC
remains the gold standard, despite its potential
risk, for a definitive diagnosis.

In conclusion, shrimp allergy seems to be
closely related to HDM sensitization, at least in this
geographical area. Therefore, HDM allergic pa-
tients should be systematically screened for shrimp
sensitization and asked about the consumption of
shellfish. Tropomyosin is a major and clinically
relevant shrimp allergen that account for shellfish-
HDM cross-reactivity. However, our results indi-
cated that other components seem to be involved.
Further studies, with inhibition assays and OFC,
are needed to assess the prevalence and clinical
relevance of sensitization to shrimp allergens other
than tropomyosin and their implication in mite-
shellfish cross-reactions among Algerian patients.
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