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Ani s 1 and Ani s 7 recombinant allergens are able to differentiate
distinct Anisakis simplex-associated allergic clinical disorders
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Abstract Diagnosis in gastro-allergic anisakiasis (GAA) is
straightforward, when clinical history is combined with fur-
ther allergological evaluation of specific IgE by means of
skin prick test and serum specific IgE. In Anisakis simplex
sensitisation associated chronic urticaria (CU+), clinical eval-
uation of possible previous parasitism is difficult, and posi-
tive serum specific IgE could be due to cross-reactivity or
other unknown factors. In this study, we evaluated the associ-
ation between IgE seropositivity to the recombinant allergens
Ani s 1 and Ani s 7 and several A. simplex-associated allergic
disorders. Twenty-eight patients with GAA and 40 patients
with CU+ were studied and their IgE responses were com-
pared with a control group composed of patients with chronic
urticaria not sensitized to A. simplex (CU—) according to the
skin prick test, as well as a group of 15 healthy subjects not
referring urticaria or currently A. simplex associated symp-
toms. 82.1% of GAA patients and 42.5% of CU+ patients
were positive for Ani s 1 (P < 0.001), while the Ani s 7 aller-
gen was recognized by 92.9 and 92.5% of sera from patients
with GAA and CU+, respectively. The combined positivity
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obtained for both allergens reached 100% in GAA, and 95%
in CU+. IgE determinations to Ani s I and Ani s 7 allergens
are useful to diagnose the Anisakis infections and to differen-
tiate among several A. simplex-associated allergic disorders.
The IgE responses to Ani s I are mainly associated with
GAA, while this molecule cannot be considered a major
allergen in CU+ patients.

Keywords Anisakis simplex - Chronic urticaria -
Gastro-allergic anisakiosis - Recombinant allergens

Abbreviations
GAA  Gastro-allergic anisakiasis

CU+  Anisakis simplex sensitisation associated chronic
urticaria

CU—  Chronic urticaria without associated sensitisation
against Anisakis simplex

SPT Skin prick test

Introduction

Anisakis simplex is a parasite nematode able to produce
different forms of anisakiasis (=anisakiosis). Since the late
90s, the description of different clinical allergic features
associated with sensitization against this nematode has
brought about a re-emergence of the awareness of this cos-
mopolitan fish-parasite [1, 2, 5, 8, 12, 13].

Gastro-allergic anisakiasis (GAA) has been described as
a short-lived acute allergic reaction comprising urticaria/
angioedema and/or anaphylaxis with or without abdominal
complaints in the context of an acute parasitism by
A. simplex [10]. In these patients, a thorough clinical
history [positive skin prick tests (SPT) and the detection of
specific serum IgE] underlines the suspected diagnosis,
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which is important for further dietary advice, where the
patients are recommended to avoid the intake of crude or
undercooked fish. A. simplex sensitisation-associated
chronic urticaria (CU+) has also been associated with the
previous parasitism by this nematode in an important subset
of chronic urticaria patients, mainly if they also display
specific IgG, [13]. Pathomechanisms leading to chronic
urticaria in sensitized patients is under study, and here it
cannot be ruled out that positive SPT or specific serum IgE
are epiphenomena or due to cross-reactivity with other
invertebrate species [6, 14, 15, 17]. Whereas the clinical
history is often obvious and the most important leading
diagnostic feature in GAA, specific IgE detection in CU+
cannot be associated with a clear parasitic episode, and its
interpretation is difficult. To evaluate whether a substantial
percentage of the patients with CU+ is due to a previous
parasitism by this nematode, in this study, we have evalu-
ated the IgE antibody response to the two major allergens
of A. simplex, Ani s 1 and Ani s 7, of which at least Ani s 7
is only released by the parasite while the infecting larvae
remains alive [4, 22]. For comparison, the diagnostic value
of Ani s I and Ani s 7 in GAA was also investigated.

Methods

Four groups of subjects were studied and compared: 28
patients with GAA, 40 patients with CU+, 26 chronic urti-
caria patients without sensitisation against A. simplex
(CU—), and 15 healthy control subjects without history of
urticaria. GAA was diagnosed when a typical history (acute
urticaria/angioedema or anaphylaxis of less than 48 h dura-
tion within 48 h of raw or undercooked-fish intake) was
accompanied by further positive SPT and specific IgE
against A. simplex. Chronic urticaria patients were included
if recurrent wheals were present at least twice weekly for at
least 6 weeks. Patients were excluded from this study if
physical stimuli were the main eliciting agents of the urti-
carial reaction. If patients displayed positive SPT and spe-
cific IgE against A. simplex, they were included in the CU+
group. CU— patients showed neither a positive SPT nor
detectable serum specific antibodies against A. simplex
(CAP-Phadia < 0.35 kU/1). Control subjects did not have
any history of urticaria or known A. simplex sensitisation
status. Written consent was obtained from all studied
patients. The project was approved by the Ethics Commit-
tee of the University Hospital La Princesa, Madrid.

Skin prick tests
Skin prick test with A. simplex (Lab. ALK-Abell6, Madrid,

Spain) was performed by standard technique and was con-
sidered positive with a mean wheal diameter of 3 mm or
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more. Histamine at 1% concentration and saline solution
0.9% (NaCl) were the positive and negative controls,
respectively. Wheal diameter was measured 15 min after
treatment.

Specific and total IgE

Specific IgE against A. simplex and total IgE were assessed by
CAP-Phadia (Uppsala, Sweden). To reduce false positive
results, patients were only included in the Anisakis sensitisat-
ion-associated groups if they displayed specific IgE > 1.5 kU/L

Specific IgE against Ani s I and Ani s 7

The recombinant allergens #-Ani s 7 and rAni s I were isolated
and purified as previously described [3]. Specific anti-Anisa-
kis IgE antibodies were detected by indirect ELISA, with 7
Ani s 7 or rAni s 1 as the target. Wells in columns 1, 4, 7, and
10 of the 96-well microtiter plates (Greiner Bio-One, Fricken-
hausen, Germany) were filled with 100 pul of phosphate-
buffered saline (PBS) containing rAni s I at a concentration of
5 pg/ml, and wells in columns 2, 5, 8, and 11 were filled with
100 pl of 0.1 M Tris buffer, pH 10.5, containing 0.6 pg/ml of
t-Ani s 7. The wells in the remaining columns (controls) were
filled with PBS alone. After incubation of the plates at 4°C
overnight and blocking of nonreactive sites, 100 pl of undi-
luted serum was added to each well and the specific IgE was
detected as previously described. Optical densities (ODs) at
492 nm were calculated by subtracting the OD value pro-
duced by the same serum in the absence of antigen.

The calculated cutoff values for Ani s I and Ani s 7
ELISA were ODs of 0.09 and 0.05, respectively, as previ-
ously established [3, 20].

Statistics

Statistical analysis was performed using SPSS ver. 15.0 for
Windows. Prevalences were calculated for sex, positive Ani
s 1 and Ani s 7 in all studied groups and compared by Chi-
square-test. Mean age, Ani s I and Ani s 7 ODs were calcu-
lated. We assessed also Ani s 1/Ani s 7 ratio to search a
preferential recognition of allergens in different urticaria
groups. These data were compared by ANOVA (normal
distribution of data). For total and specific IgE, median and
interquartile range were calculated and compared by
Mann—Whitney. Spearman correlation coefficient was used
for correlation studies.

Results

The mean age of the investigated patients was lower in
CU— than in the other studied groups, but there was no
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Table 1 General data of the studied groups

GAA
(n=28)

CU+
(n=40)

CU—-
(n=126)

Control P
(n=15)

Table 2 Mean specific IgE expressed as ODs against Ani s I and Ani
s 7 recombinant allergens obtained by ELISA

GAA CU+ CU-— Control

Mean age 47.1 £11.9 47.1 £17 355+ 143 42.7+9.9 0.008
(years)

Female 60.7 72.5 61.6 60.0 n.s
(%)

GAA, Gastro-allergic anisakiasis; CU+, A. simplex sensitisation asso-
ciated chronic urticaria; CU—, Chronic urticaria without sensitisation
against A. simplex; Control, Subjects without history of urticaria or
fish-intake associated symptoms

n.s not significant

difference when comparing GAA, CU+ and CU—. In addi-
tion, sex distribution was not different in all studied groups
(Table 1). When comparing both groups with sensitisation
against A. simplex, specific IgE obtained by CAP System
was expectedly higher in GAA (median 21.9, IQR 5.8-
69.1 kU/D) than in CU+ (median 8.5, IQR 3.7—18.7 kU/I;
P =0.03). Total IgE was not significantly different: GAA
(median 215; IQR 75—770 kU/1); CU+ (median 145; IQR
91-310 kU/I; P = 0.16) (Fig. 1).

The Table 2 shows serum specific IgE values against
recombinant Ani s I and Ani s 7. Higher values were again
detected in GAA than in CU+ (P < 0.0001 for Ani s I and
P =0.003 for Ani s 7). The Ani s 1/Ani s 7 ratio was also
higher in GAA (68.8 £ 364.8) than in CU+ (3.3 &+ 15.2;
P =0.007).

Among GAA patients, 82.1% were positive for Ani s I
but only 42.5% of CU+ patients recognized this allergen
[P < 0.001 within both A. simplex associated groups (GAA
and CU+)] (Fig. 2). In contrast, 92.9 and 92.5% of sera
from patients with GAA and CU+ recognized the Ani s 7
allergen (Fig. 3). The combined positivity obtained for both

Anis 1 (x£SD) 1.19£0.94 044 £0.7 0.09+0.43 0.0 4+ 0.001

Significance P <0.0001
Anis7 (x£SD) 1.0+ 0.86 0.59 £0.58 0.03 £0.13 0.02 + 0.05
Significance P =0.003

GAA, Gastro-allergic anisakiasis; CU+, A. simplex sensitisation asso-
ciated chronic urticaria; CU—, Chronic urticaria without sensitisation
against A. simplex. Control, Subjects without history of urticaria or
fish-intake associated symptoms. Significance levels are shown for
comparison between GAA and CU+

allergens reached 100% in GAA and 95% in CU+.
Figures 2 and 3 also show that serum from 1/26 patients
(3.8%) among the CU— group was positive for Ani s 1 and
Ani s 7, and that sera from 2/15 (13.3%) patients among the
control group were positive to Ani s 7, but not to Ani s 1.
These were afterward shown to be SPT positive against A.
simplex, demonstrating a proportion of positivity previ-
ously shown in our region due to past asymptomatic para-
sitism [9].

Discussion

This is the first study revealing the usefulness of Ani s I and
Ani s 7 recombinant Anisakis allergens for the differential
diagnosis of A. simplex-associated allergic diseases. Cur-
rently, there is a world-wide awareness that anisakiasis is
not only due to raw-fish-eating habits but also to the differ-
ent allergic features described in the last 15 years [13].
Whereas GAA has been described as a clear-cut clinical entity,
which accounts for a sufficient explanation of previously
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Fig. 2 Percentage of sera with positive and negative specific IgE
against Ani s I recombinant allergen. GAA Gastro-allergic anisakiasis,
CU+ A. simplex sensitisation associated chronic urticaria, CU—
Chronic urticaria without sensitisation against A. simplex. Control
Subjects without history of urticaria or fish-intake associated symp-
toms
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Fig. 3 Percentage of sera with positive and negative specific IgE
against Ani s 7 recombinant allergen. GAA Gastro-allergic anisakiasis,
CU+ A. simplex sensitisation associated chronic urticaria, CU—
Chronic urticaria without sensitisation against A. simplex. Control
Subjects without history of urticaria or fish-intake associated symp-
toms

described Anisakis allergy, in regions with raw fish-eating
habits, chronic urticaria is often associated with sensitiza-
tion against this nematode [18].

In the last years, recombinant allergens are being pro-
posed for the diagnosis of allergy, not only searching for
different sensitisation patterns but also for distinct clinical
phenotypes [21, 23]. Twelve A. simplex allergens have been
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characterized (http://www.allergome.org) and some of
them have been claimed to be useful for A. simplex allergy
[7, 19], but frequently, clinically differentiated patient
groups are not taken into account. Furthermore, A. simplex
allergens should not be regarded as food-allergens, as has
been recently discussed [11]. In our analysis, we were able
to show that patients with different allergic disorders asso-
ciated with A. simplex sensitisation (i.e., GAA and CU+)
have a different recognition profile of Ani s 1.

The main findings of the present study can be summa-
rized as three major results: we confirm the previously
demonstrated high-sensitivity and specificity of the studied
recombinant allergens, whereas new findings are (1) the
high proportion of positive Ani s 7 in CU+ and GAA, and
(2) the lower proportion of positive Ani s I in CU+ with
respect to the GAA group. The concept of major allergen is
applied when the frequency of recognition of an allergen
among allergic patients is above 50%. The latter results
allow us to challenge the definition of major allergen for
Ani s 1, while confirming again the reported immunodomi-
nance of Ani s 7 in the context of A. simplex allergens.
Moreover, our data also confirmed that the combined use of
Ani s I and Ani s 7 determinations is currently the best
choice for serodiagnosis of human anisakiasis in terms of
specificity and sensitivity, as 100% of sensitivity could be
stated for GAA patients using this method. The comple-
mentarity of Ani s I data with Ani s 7 determinations was
also previously established [3, 4]. Our data with Ani s I and
Ani s 7 allergens also revealed that one patient in the CU—
group was unexpectedly positive for both allergens, and
that two patients in the control group were positive for Ani s
7. The results are not expected to be false positive but due
to past asymptomatic infections by the parasite in these
subjects. In fact, a similar result was previously obtained
[3] where 2.1% of Ani s 7 positive sera were detected
among allergic patients with Anisakis CAP values below
1.5 kU/.

The results of this study also underpin the hypothesis
that in most patients with CU+ in our studied region, sensi-
tisation is really caused by a previous parasitic contact with
A. simplex. Ani s 7 has previously been shown to be recog-
nized by specific IgE of Wistar rats intraperitoneally inocu-
lated with live Anisakis L3 larvae [4]. This recognition
during the acute phase of infection is also confirmed by our
current study in the patients with a clear history of GAA.
The fact that nearly all CU+ patients also recognized Ani s
7 confirms that the detection of specific IgE is really associ-
ated with a previous active parasitism, and possible cross-
reactivity seems not to be a causal factor [14]. It is notewor-
thy that patients were recruited from a geographical zone
where house-dust-mite sensitization is not frequent due to
mainly dry climatic conditions. Interestingly, even if spe-
cific IgE is lower in CU+ patients, Ani s 7 is still recognized
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in most patients. These results could also be useful when
assessing other Anisakis-associated diseases. In a previous
study of prolonged urticaria-induced acute parasitism, defi-
ned as an acute urticarial reaction of less than 6 weeks, but
more than 72 h, serological features were similar to CU+
with lower serum specific and total IgE values [12]. Thus,
even if CU+ or prolonged urticaria are associated with
lower immunoglobulin production, Ani s 7 is not only a
major allergen but also recognized independently of the
amount of specific IgE production. Further, these results
could also be applied for the interpretation of future studies
addressing positive SPT or serum specific IgE in subjects
without urticaria or a history of fish-induced symptoms. In
this sense, the high prevalence of positive serum IgE for A.
simplex in some regions has been interpreted as previous
subclinical parasitism and not as cross-reactivity [18, 24].

Differing results are obtained for Ani s 1, the first of all
described A. simplex allergens, denominated major allergen
[16]. Whereas GAA patients recognized this allergen in the
same percentage as Ani s 7, in CU+, only 42.5% of patients
showed specific IgE against this recombinant allergen. This
allergen, used in conjunction with Ani s 7, is thus able to
differentiate in a high proportion both studied A. simplex
associated allergic diseases. In CU+, we can not know the
time when acute parasitism would have taken place, but
low specific immunoglobulin levels have been interpreted
as an indicator of a longer elapsed time. As a previous
study showed that the response to Ani s I was more pro-
longed in time than to Ani s 7 in patients who presented
allergic symptoms compatible with fish-related allergies
where urticaria and/or angioedema was the most frequent
allergic manifestation observed [3], our results are thus in
concordance with the hypothesis that CU+ is associated not
only with lower specific IgE levels but also with a differen-
tial recognition of allergens.

A further feature of our results is the interpretation of
major allergen as an allergen recognized by more than 50%
of allergic patients. Whereas there is no doubt for Ani s 7 to
be still a major allergen in both studied groups, only in
GAA can Ani s 1 still be the denominated major allergen
when patients with sensitisation are assessed. This high-
lights the necessity of carefully evaluating the clinical his-
tory of patients, whose sera are analyzed if studies with
various recombinant or purified allergens are performed.

In conclusion, the recombinant Ani s I and Ani s 7 have
been proven useful for the diagnosis not only of GAA but
also for CU+, combining specificity and sensitivity and
open new ways of studying possible mechanism when
studying causes or pathophysiology of CU+. Our results
also prove that Ani s 7 is a stronger marker of previous A.
simplex infections. Further, sensitization against A. simplex
in most patients with CU+ seems to be due to previous par-
asite infection.
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