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The phenotype of allergic diseases associated with Anisakis determines the pattern of cytokines related to anti-
body production. However, the role of serum IgA and the immunomodulatory mechanisms exerted by active
infection of L3 or passive mucosal contact with A. simplex specific antigens has not been studied before. We

:Ei : ; measured serum cytokine by flow cytometry (IL-2, IL-4, IL-6, IL-10, TNF-x, IFN-y, IL-17A, TGF-p1) and antibody
Anis 7 levels (IgE, I1gG4, IgA) by ELISA against total and excretory-secretory (ES) antigens, Ani s 3,and the group of
Anis 13 major allergens Ani s 1, Ani s 7, and Ani s 13 in sera from 10 patients with gastro-allergic anisakiasis (GAA), 11

Anisakis sensitization associated chronic urticaria (CU+) as well as 17 non-Anisakis-sensitized patients with
chronic urticaria (CU-), compared with the urticaria control group (18 subjects). Specific IgE, IgG4 and IgA were
high in the GAA, but IgA levels were significantly higher in the CU+ with respect the CONTROL group. We
observed higher levels of the ratio IgA/IgG4 in CU+ than GAA group for Ani s 1, Ani s 7, Ani s 13 and ES.
Furthermore, chronic urticaria (CU) patients showed significant lower levels of IL-10, IFN-y and IL-17A than
patients without CU. The anti-Ani s 13 IgA/IgG4 ratio correlated positively with pro-inflammatory cytokines and
ratios (TNF-a, IL-17A, Th17/Th2, Typel/Type2 and TNF-a/IL-10) in CONTROL group. In general, Anti-Anisakis
IgA/G4 ratio was high in CU patients. In conclusion, this study demonstrates the importance of serum IgA

because it is associated with chronic urticaria independently of Anisakis sensitization.

1. Introduction

Diet-associated Anisakis simplex larvae are able to trigger allergic
symptoms with appearance of different phenotypes of both acute and
chronic urticaria. In the first case, acute urticarial reaction is produced
when the live parasite penetrates the human gastric mucosa [1]. This
clinical entity is named gastro-allergic anisakiasis (GAA) [2]. In some
Anisakis-sensitized patients, chronic urticaria occurs by a still unknown
mechanism [1]. This clinical entity is denominated Anisakis sensitization
associated chronic urticaria (CU+) [1,3]. Each Anisakis-related urticar-
ial phenotype (GAA or CU+) is associated with a different pattern of
cytokines related to antibody production [3,4].

Patients with previous parasitism by A. simplex (GAA and CU+)
displayed higher TGF-p levels than those without (CU-) [5].

Similarly, lower levels of IL-17 were observed in patients with CU+
compared to GAA or controls, with a tendency towards even lower levels

in patients with chronic urticaria without Anisakis sensitization (CU-)
[4].

Fish intake modulates the balance of anti-inflammatory and pro-
inflammatory cytokines exerting anti-inflammatory effects. These ef-
fects are further modulated by Anisakis parasitism in a complex inter-
action [5].

There are no published studies on the global response to specific
Anisakis allergens, such as Ani s 3 (tropomyosin-panallergen) and major
allergens, such as Ani s 1, Ani s 7, and Ani s 13 in the context of serum
antibody levels and their relationship with cytokine levels.

Mucosa-associated lymphoid tissues (MALT), ensure the protection
of the mucosal surfaces. This defense is primarily mediated by the IgA
isotype, which is abundantly expressed and secreted in the gastroin-
testinal tract, respiratory tract, vaginal tract, tears, saliva, and colos-
trum. Peyer’s patches and the isolated lymphoid follicles (ILFs) of the
gut-associated lymphoid tissues (GALT) contain most of the plasma
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cells of an individual [6]. Serum IgA is monomeric, its concentration is
insignificant in comparison to the 3 g of the secretory form (sIgA) pro-
duced by an adult human per day and its function remains unclear [7,8].
It is remarkable that the modification of microbiota is one of the main
signs in patients with selective IgA deficiency patients [9] and also
serum IgA and sIgA may be relevant for the protection against Anisakis
larvae penetration and with respect to the onset and maintenance of
Anisakis sensitization associated chronic urticaria [1].

In all previous studies, patients diagnosed with GAA had higher
levels of IgE and IgG4 specific to the Anisakis antigens than CU+ pa-
tients. This was also observed in the case of allergens Anis 1, Ani s 7, and
Ani s 13 [10-12]. However, the role of serum IgA against the Anisakis
allergens has not been studied before in patients.

Anti-Anisakis IgA has been detected in the serum of patients since
decades [13,14], and a few studies have reported its serum levels in
healthy subjects that are continuously exposed to the parasite by eating
fish [15-17]. Serum anti-Anisakis crude extract IgA levels were posi-
tively correlated with IL-7 and age [17].

We hypothesized that there could be a differential relationship be-
tween cytokines and antibody levels against specific Anisakis allergens
not observed in studies using total crude extract (AKT) or excretory
secretory (ES) antigen from third-stage larvae (L3) found in marine fish.
In this study, we investigated the immunomodulatory mechanisms
exerted by active infection of L3 or passive mucosal contact with
A. simplex specific allergens or antigenic peptides derived from these
allergens which could be generating a local immune mucosal response.
We measured serum cytokine and antibody levels against particular
allergens: Ani s 3, which is a panallergen, or the group of major allergens
Anis 1, Anis 7, and Ani s 13 in sera from patients with GAA, CU+, and
CU-, compared with the urticaria control group. We compared the re-
sults obtained by re-grouping these four initial groups (GAA, CU+, CU-,
CONTROL) by the presence (CU: CU+ and CU-) vs absence of chronic
urticaria (NoCU: GAA and CONTROL) or by the positivity (AK+: GAA
and CU+) vs negativity to Anisakis (AK-: CU- and CONTROL).

2. Methods
2.1. Patients and serum samples

As a cross-sectional study, two main groups of patients were studied:
21 Anisakis sensitized patients (8 men and 13 women, 52 + 14 years old)
and 35 non-Anisakis sensitized patients (14 men and 21 women, 39 + 13
years old) (eTable 1). The first group encompassed two clinical sub-
groups: 10 patients with gastro-allergic anisakiasis (GAA) and 11 pa-
tients with Anisakis sensitization associated chronic urticaria (CU+). All
patients were recruited prospectively within the same timeframe and in
the same location (Madrid, Spain). GAA was diagnosed when a typical
history (acute urticaria/angioedema or anaphylaxis of less than 48 h
duration within 48 h of raw or undercooked fish intake) was accom-
panied by a further positive Skin Prick Test (SPT) and specific IgE
against Anisakis > 0.35 kU/l by InmunoCAP™ (Phadia AB, Uppsala,
Sweden). SPT was performed using Anisakis simplex extract (Lab. ALK-
Abell6, Madrid, Spain) following standard protocols and was considered
positive with a mean wheal diameter > 3 mm. Histamine (1 %) and
saline solution 0.9 % NaCl were considered as positive and negative
controls, respectively. CU+ patients were included if recurrent wheals
were present at least twice a week for at least six weeks [18] and dis-
played positive SPT and specific IgE against Anisakis > 0.35 kU/1 by
ImmunoCAP™ (Phadia AB, Uppsala, Sweden). Patients were excluded
from this study if they presented other conditions known to be associ-
ated with CU and if their urticarial reaction was elicited mainly by
physical stimuli such as vibrations, pressure, cold or electromagnetic
radiation. The second group of non-Anisakis sensitized patients was
clinically subdivided into 17 chronic urticaria patients without SPT or
specific IgE against Anisakis (CU-) and 18 healthy subjects without ur-
ticaria or currently Anisakis-associated symptoms (CONTROL). To
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minimize the possible bias, the control group was composed of volun-
tary subjects, sex balanced with respect to the patient groups. There was
no follow-up, obtaining a single serum sample per subject. Written
consent was obtained from all the study subjects. This project was
approved by the Ethics Committee of the University Hospital La Prin-
cesa, Madrid with number PI-515-07/04/11.

2.2. Anti-Anisakis specific IgE, I1gG4 and IgA

Specific antibody levels were measured by indirect ELISA. Plates
(Costar, Corning, NY, USA) were sensitized with 10 pg/ml of larval CE or
ES [19]. Wells were blocked and 100 pl of sera at 1/100 were added and
incubated for 2 h. Horseradish peroxidase (HRP) conjugated goat anti-
human IgA (Biosource International, Camarillo, CA, USA) or mouse
anti-human IgG4-HRP (Clone HP6025) (Southern Biotech, Birmingham,
AL, USA) were used for 1 h. Substrate (o-phenylene-diamine, OPD;
Sigma-Aldrich, Germany) was added with hydrogen peroxide. The re-
action was stopped with sulfuric acid and the plates were read at 490
nm.

For the IgE determination test, sera were added at 1/2 dilution. A
murine monoclonal antibody (mAb) against an epsilon human IgE chain
(IgG1x, E21A11, INGENASA, Madrid, Spain) was added, followed by a
HRP conjugated goat anti-mouse IgGl (gamma) (Life Technologies,
Grand Island, NY, USA) [14,20].

Antibodies against rAni s 1 (recombinant Ani s 1) and t-Ani s 7
(truncated Ani s 7) allergens were determined by indirect ELISA [10,21]
using the Trisakis-170 kit [22].

Anti-Anisakis hemoglobin (Ani s 13) antibodies determination by
indirect ELISA was carried out in plates (Costar) coated with 100 pl per
well of 5 pg/ml nAni s 13 (native Ani s 13) [23]. The rest of the steps
were carried out similarly (see above).

The levels of antibodies against A. simplex tropomyosin were deter-
mined by antigen-capture ELISA using a mAb anti-tropomyosin (Clone
TM311; Sigma-Aldrich, Germany) [24]. The wells were coated with the
mAb (1.5 pg/well) and were incubated with 500 pg/well of Anisakis
simplex crude extract. Patient sera (diluted 1:2) were incubated, and a
mouse anti-human IgE mAb HRP-labeled (clone B3102E8) (South-
ernBiotech, Birmingham, Alabama) was added. The following steps
were carried out similarly (see above). All the experiments were per-
formed in duplicate.

2.3. Cytokine measurement

Serum cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, and IL-
17A) were quantified using BD™ Cytometric Bead Array (CBA)
Human Th1/Th2/Th17 and Human TGF-B1 kits, as indicated by the
manufacturer (BD Biosciences, San Jose, CA, USA). All samples were
analyzed with a BD FACSCalibur Flow Cytometer ™ and the results were
expressed in pg/ml using the FCAP Array™ software. The cytokine ra-
tios were also calculated (Table 1).

2.4. Statistics

Median values and interquartile ranges (IQR) were calculated for
specific antibody levels and cytokines and compared using the Mann-
Whitney U test. Spearman’s correlation coefficient was used for corre-
lation studies. All statistical analyses were performed using the IBM
SPSS Statistics Version 27. Significance was established at p < 0.05, 2-
tailed.

3. Results
3.1. Serum antibody levels

Specific IgE levels were higher in the GAA group than the other
groups (CU+, CU- and CONTROL) for all the antigens tested with the
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Table 1
Cytokines and cytokine ratios measured in patients and controls.

Measurements in serum

Cytokines IFN-y, TNF-0, TGF-p1, IL-2, IL-4, IL-6, IL-10, IL-17A

Th1/Th2 ratio [TFN-y + TNF-a]/IL-4 [41]

Th1/Th17 ratio [IFN-y + TNF-a]/IL-17A [42]

Th17/Th2 ratio IL-17A/1L-4 [42]

Type 1/Type 2 ratio [IL-2 + IFN-y + TNF-o + IL-17A + IL-6]/[IL-4 + IL-10 + logTGF-p1] [42]

Other ratios IFN-y/IL-10 [42-46], IL-17A/IL-10 [42,47,48], IFN-y/IL-4 [41,49-53], IL-6/IL-10 [54], TGF-B/IL-17A [52,55], TNF-0/IL-10 [56]
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Fig. 1. Antibody levels against specific and complete Anisakis antigens in different Anisakis patients and control group. (*) p < 0.05. (**) p < 0.01. AKT: Anisakis total
antigen; AKES: Anisakis Excretory-Secretory antigen; GAA: Gastro-Allergic Anisakiasis; CU+: Anisakis simplex sensitization-associated chronic urticaria; CU-: chronic
urticaria without sensitization against Anisakis simplex.



J. Gonzdlez-Fernandez et al.

exception of Ani s 3. Only in the case of anti-Ani s 1 IgE, the differences
between GAA and CU+ reached statistical significance (p < 0.05)
(Fig. 1).

Similarly, IgG4 levels were also the highest in the GAA group.
Nevertheless, between GAA and CU+ groups we observed statistical
differences in the case of Ani s 1, Ani s 7, Ani s 13 allergens and ES
antigen. Noteworthy, against Ani s 3, the highest levels of IgG4 were
observed in the control group (p < 0.01) (Fig. 1).

Anti-Anisakis IgA levels were highest in the GAA group, followed by
CU+, CU- and finally the CONTROL group with minimal levels. How-
ever, the difference of IgA levels between the GAA and CU+ groups
observed for complete antigens (total antigen and ES) (p < 0.05) was not
present for any of the specific antigens, Anis 1, Anis 7, Anis 13 and Ani s
3. Specific IgA levels were significantly higher in the CU+ with respect
the CONTROL group for all the antigens tested (p < 0.01), even for Ani s
3 (p < 0.05) (Fig. 1).

After observing lower levels of 1gG4 for CU+ patients against all
antigens compared to IgA (Fig. 1), we calculated the ratio IgA/IgG4 for
each serum and we observed higher levels of this ratio in CU+ than GAA
group for Anis 1, Anis 7 (p < 0.05), Ani s 13 and ES (p < 0.01) (Fig. 2).
This ratio was the lowest in the CONTROL group for Ani s 3 (p < 0.01)
(Fig. 2). In particular, the ratio IgA/IgG4 against Ani s 13 was the highest
in the CU- patients than the GAA and CONTROL groups (p < 0.01)
(Fig. 2).

In the groups with chronic urticaria (CU), the levels of anti-Ani s 3
and anti-Ani s 13 IgG4 were significantly lower than in those without CU
(NoCU) (p < 0.01). Concerning IgE and IgA, no differences were
observed grouping sera by CU (eFigure 1).

IgE, IgG4 and IgA levels were higher in the Anisakis-positive sera for
all the antigens tested (p < 0.05) except for anti-Ani s 3 IgE and IgA. In
particular, serum anti-Ani s 3 IgA levels were lower in AK+ than AK- (p
< 0.01) (eFigure 2).

Regarding the ratios, we observed that IgE/IgG4 and IgA/IgG4
values against the allergens Ani s 13 and Ani s 3, were higher in patients
with CU than in subjects without chronic urticaria (eFigure 3).

Anisakis-positive patients (AK+) showed significantly higher values
of IgE/IgG4 against the specific allergens Anis 1, Anis 7 and Anis 13 (p
< 0.01) and Ani s 3 (p < 0.05) (eFigure 4). Conversely, IgA/IgG4 values
against Ani s 13 were lower in AK+ (p < 0.01). This tendency to show
lower values of specific IgA/IgG4 in AK+ observed for all the antigens
tested differed from the results obtained against Ani s 3, which presented
higher values in AK+ (p < 0.01) (eFigure 4).
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3.2. Serum cytokine levels

The highest serum concentrations of IL-10 and IFN-y were observed
in the CONTROL group. The differences reached statistical significance
for IFN-y compared to GAA, CU+ and CU- patients (p < 0.01) (Fig. 3A).
For IL-10, the differences only reached statistical significance comparing
with CU+ and CU- groups (p < 0.05 and p < 0.01, respectively). Serum
concentrations of IL-10 were also lower in the GAA group, but the dif-
ferences were not statistically significant (Fig. 3A).

GAA and CONTROL groups presented the highest concentrations of
IL-17A compared with CU+ and CU- groups (p < 0.01 and p < 0.05,
respectively) (Fig. 3). Consequently, after re-grouping the levels of IL-
10, IFN-y and IL-17A in CU patients (CU+ and CU-) were significantly
lower (p < 0.01) than in patients without CU (eFigure 5).

Ratio calculations are shown in the Table 1. Th1/Th17, TGF-p/IL17-
A and IL-6/IL-10 are higher in CU groups (p < 0.01) (Fig. 3B and eFig-
ure 6). However, IL17-A/IL-10 and Th17/Th2 ratios were lower in CU
groups (p < 0.01) (Fig. 3B and eFigure 6).

3.3. Correlations cytokine and specific antibodies

Correlation analyses were performed between all cytokines and an-
tibodies (eTable 2). To analyze the results, firstly we focused on those
with a stronger association (p < 0.01) in GAA and CU+ groups.

In GAA, TNF-a showed a negative correlation with anti-Ani s 1 IgG4.
TNF-a and Type 1/Type 2 showed a positive correlation with anti-Ani s 1
IgE/1gG4. The ratio IFN-y/IL-4 was also positively correlated with anti-
Ani s 1 IgA in this group of patients.

In CU+, we observed a negative correlation between the following
pairs of cytokine vs antibody: IL-6 vs anti-Ani s 3 IgE; TNF-a and Th1/
Th2 vs anti-AKT IgG4; TGF-f/IL-17A vs anti-Ani s 1 IgG4; TNF-o/IL10 vs
anti-AKES IgG4.

IL-6, TNF-a, Th1/Th2 and Type 1/Type 2 presented a positive cor-
relation with anti-ES IgE/IgG4 in patients diagnosed with CU+.

Analyzing the other groups with the same criteria of significance (p
< 0.01), in the CU- group, a positive correlation was observed between
IFN-y and anti-ES I1gG4 levels.

Th1/Th2 ratio in CU- and, in general, patients with CU correlated
negatively with anti-Ani s 3 IgA.

IFN-y/IL-10 ratio in CU- correlated positively with anti-Ani s 1 IgG4
levels and negatively in patients without CU (NoCU) with the ratio anti-
Ani s 1 IgE/IgG4.
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Fig. 2. Ratios of IgE, IgA and IgG4 levels against Anisakis antigens in different Anisakis patients and control group. (*) p < 0.05. (**) p < 0.01. AKT: Anisakis total
antigen; AKES: Anisakis Excretory-Secretory antigen; GAA: Gastro-Allergic Anisakiasis; CU+: Anisakis simplex sensitization-associated chronic urticaria; CU-: chronic

urticaria without sensitization against Anisakis simplex.
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In the groups of patients AK-+, we observed a negative correlation of
anti-Ani s 1 IgA levels and IL-10 concentrations. Likewise, a positive
correlation was observed with the ratio IFN-y/IL-10 (p < 0.01).
Conversely, in the Anisakis-negative group (AK-), anti-Ani s 1 IgA
correlated negatively with IL-17A/IL-10 ratio.

In general terms, it is worth noting that IFN-y levels without dividing
in groups showed negative correlation with most of the antibody levels
measured but it was significant with anti-AKT IgA, anti-ES IgA, anti-Ani s
31IgA, anti-Ani s 7 IgA and anti-Ani s 1 IgE (p < 0.01). Exceptionally, the
IFN-y levels showed a positive correlation with those of anti-Ani s 3 IgG4
(p < 0.01) (Data not shown).

Particularly, this negative correlation of IFN-y levels was accentu-
ated in the groups without chronic urticaria and it was significant with
more different isotypes and Anisakis specific antigens. The IFN-y levels
maintained the exceptionality with a positive correlation with those of
anti-Ani s 3 IgG4 (p < 0.01) (eTable 2).

Regarding the CONTROL group we observed positive correlation
with IL-17A, Th17/Th2 ratio and Type 1/Type 2 ratio for the levels of
anti-Ani s 13 IgA. In contrast, the correlation was negative with anti-Ani
s 131gG4 (eFigure 7). Correlations of the IgA/IgG4 against the different
antigens with the cytokines were analyzed (eFigure 8). The anti-Anis 13
IgA/1gG4 ratio confirmed and enhanced the association of serum anti-
Ani s 13 IgA with TNF-q, IL-17A, Th17/Th2 ratio, Type 1/Type2 ratio
and TNF-a/IL-10 ratio in CONTROL group (p < 0.01) (eFigure 8).

4. Discussion

To our knowledge, this is the first study in which simultaneously
serum cytokines and human relevant antibody isotypes such as IgE, IgG4
and serum IgA have been measured against Anisakis total and ES anti-
gens as well as specific allergens like Anis 1, Anis 3, Anis 7 and Anis 13
in patients with the main Anisakis related disorders.

In GAA and CU+ patients, anti-Anisakis IgE, IgG4 and IgA levels are
usually increased in comparison to healthy controls because of previous
contact with ES antigens released by live larvae [2,14]. Indeed, they are
serologically diagnosed by the presence of specific IgE against Ani s 7,
which has been proposed as the current gold standard for the in vitro
diagnosis of anisakiasis [21]. Our results were consistent with all

previous studies, but with our dataset we could only differentiate anti-
Ani s 1 IgE levels between GAA and CU+, but not using total Anisakis
extract (anti-AkT IgE) [10]. Our control group showed similar mean
levels of anti-Anisakis IgE (0.012), and IgA (0.454) measured at 490 nm
as a previous study [16].

In this study, anti-Ani s 3 IgE did not show differences in any of the
groups studied, indicating that Anisakis tropomyosin is a panallergen
and not a specific Anisakis antigen. Anti-Ani s 3 IgG4 was significantly
increased in the CONTROL group with respect to the GAA, CU+ and CU-.
In fact, cross-reactions could be produced not only by the classical
tropomyosins from shrimp or insects [25] but also by fish tropomyosins
sensitizations in susceptible individuals [26].

CU is considered a multifactorial disease with an uncertain etiology,
whose patients develop an immune response mediated by pro-
inflammatory cytokines such as IL-6 or IL-17 [5]. Regarding the serum
IgA, GAA and CU+ patients generated this isotype specifically against
Anisakis larvae but interestingly, we observed differences in CU- with
CONTROL group for the total extract (AKT) (p < 0.05) and Anis 7 (p <
0.05). This fact is indicating that patients diagnosed with CU, even not
being positive to Anisakis, presented specific serum IgA. Antigens from
Anisakis larvae are ingested when customarily we eat marine fish. As it
was mentioned in the introduction, the major production of IgA is
located in the intestine but an impaired or inflamed mucosal barrier may
be associated with increased serum levels. Indeed, in a study involving
55 patients with CU there was an increase in gastroduodenal perme-
ability [27]. Additionally, the examination revealed bacterial in-
filtrations of Proteobacteria through the mucus and the intestinal mucosa
epithelium [28]. In addition, it is known that IgG and IgA undergo the
phenomenon of induced polyreactivity, in vitro. However, it was
postulated that in an inflammatory context, in vivo, local concentrations
of free heme, pro-oxidative ferrous ions and reactive oxygen species
could modify the antigen binding characteristics of serum antibodies
[29]. In the case of our CU patients (CU+ and CU-), but specifically in
our CU- group, anti-Anisakis IgA detected in serum could be polyreactive
antibodies because of their background inflammatory condition. The
function of serum IgA in the mucosal system is presently not clear and
why low production of IgA increases the risk of developing infections or
a systemic immune disease such as CU [30].
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Some studies have tried to find serum IgA as biomarker based on the
hypothesis that it is associated with levels of activated TGF-p [31]. This
cytokine is a co-stimulator for IgA production [32]. In our study the
serum levels of this cytokine did not show significant differences be-
tween the groups, but a non-significant increase of TGF-p was observed
in GAA and CU+ with respect to Anisakis negative groups (AK-), as
observed in previous studies [4]. Probably the first contact with Anisakis
by active penetration, necessary for sensitization, is sufficient to induce
TGF-f production. However, the serum levels may not be adequate for
its determination [5]. In addition, total serum IgA levels are increased
with age in a range of 2 mg/dl per year and levels are higher in men than
women [33]. Any sexual/age difference in total IgA levels and the
subject-selection bias may have affected the present study but we
consider our cohort is homogeneous in this respect. (N: 56, mean: 44.14;
standard deviation: 14.5 years; 22 men 34 women) (eTable 1).

We also observed low levels of specific IgG4 in patients with CU, thus
we calculated the IgA/IgG4 ratio. This novel ratio was surprisingly high
in CU patients because their pathology could be the responsible for
having higher levels of specific serum IgA than controls. On the one
hand, serum IgA has been proposed to play a dual role in the immune
system. It is involved in the maintenance of homeostasis and the pro-
motion of anti-inflammatory responses, but it can also induce inflam-
mation [8]. On the other hand, I1gG4 appears in the literature as a
protective isotype for allergies, but in helminthic parasites a low IgE/
IgG4 ratio has been associated with parasite survival. In GAA, anti-
Anisakis IgE and IgG4 are high, but not in CU+, where IgG4 is low [11].
We detected Ani s 3 and Ani s 13 were the antigens mainly involved in
the increase of the ratio IgA/IgG4, maybe to be related with gut expo-
sure as a classical allergen from inactivated (died) larvae in fish. In
addition, Ani s 13 as heme rich protein, could be stimulating poly-
reactive IgA liberating free heme groups during digestion [23,29].

In our CU patients, serum levels of IL-10, IFN-y and IL-17A were
significantly lower than in patients without CU (GAA and CONTROL
groups). It is worth mentioning that GAA is accompanied by acute ur-
ticaria in presence of the live larvae and is a transient condition. Sera
were obtained long after the acute episode, when GAA patients were not
suffering an inflammatory state because the patients had previously
expelled the larvae and they were asymptomatic at that time [3].
However, CU patients were suffering from active urticaria.

Th1 lymphocytes play a key role in the activation of B cells. They
recognize antigens presented on the surface of macrophages and sub-
sequently initiate the activation of these cells via the release of cyto-
kines, such as IFN-y or TNF-a. This cascade of events enhances the
efficacy of macrophages in combating pathogens [34].

Helminthic infections induce a powerful stimulation of Th2 lym-
phocytes that activate undifferentiated B cells by means of cytokines
such as IL-4, IL-10 or TGF-f. These cytokines stimulate their prolifera-
tion and induce isotype switching to IgG and IgE. These immunoglob-
ulins constitute the effector molecules of the humoral response [35].

The Th2 subset is associated with the growth and persistence of
parasites in the body, facilitating their evasion from the immune system.
These cells increase the proliferation of B cells, in turn inhibiting the Th1
response. Consequently, in our patients, serum IFN-y levels were
inversely correlated with the antibody response with the exception of
anti-Ani s 3 IgG4. McSorley et al. (2011) observed from two clinical
trials that Necator americanus-induced hookworm disease in patients
with celiac disease altered the Th1/Th2/Th17 balance by regulating the
inflammatory response in the mucosa. Patients infected during the trial
with hookworm larvae, showed anti-inflammatory responses in the
duodenum. The basal Th1l and Th17 pro-inflammatory responses (IFN-y
and IL-17) were suppressed by the effect of IL-10 induced by the para-
sites. [36]. In our study, Anisakis positive groups (AK+: GAA and CU+)
were expected to present higher levels of Th2 cytokines such as IL-10.
However, as it was observed previously [4], control subjects presented
more serum IL-10 than patients with chronic urticaria (CU+ and CU-),
because they may be consuming this cytokine in the serum or it may not
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be released into the blood for, at the moment, still unknown reasons.

Recently, in addition to clinical trials with helminthic therapy, a new
idea based on the intestinal microbiota has been proposed. It is intended
to modify the gut microbiota with Firmicutes and Bacteroides, which are
abundant in healthy subjects and are decreased in patients with CU. The
authors aim to increase Tregs and decrease Th17 cells in blood and skin
[371].

In the Anisakis negative groups (CU- and CONTROL), even though
there are lower levels of specific antibodies anti-Ani s 13 IgA, these
antibodies are correlated with pro-inflammatory cytokines as IL-17A,
Th17/Th2 ratio and Type 1/Type 2 ratio. This fact may be indicating
that dietary residues of dead L3 larvae of Anisakis could be associated
with a pro-inflammatory environment. In this case IgA is not related to
the classically view of IgA as a protective and anti-inflammatory isotype.
Serum IgA immune complexes stimulate the production of pro-
inflammatory cytokines by human macrophages and decreases the
activation threshold of Toll-like receptors [38]. Recently, high levels of
serum IgA were detected in patients with other inflammatory diseases
[39,40].

In conclusion, this study demonstrates the important implication of
serum IgA in the clinical phenotypes of Anisakis related diseases. Anti-
Anisakis ES, Ani s 1, 7 and 13, but not Ani s 3, IgA/G4 ratios are
increased in chronic urticaria with respect to GAA and CONTROLS. This
ratio was particularly high in the case of Ani s 13 in chronic urticaria
patients without Anisakis sensitization (CU-). We detected a clear low
level of serum IL-17A and IFN-gamma in CU. In addition, in the AK+
groups, IgA/G4 ratio (targeting ES, Ani s 1, 7 and 13) allows us to
differentiate patients with GAA from those with CU+. Our data indicate
that anti-Anisakis serum IgA plays an important role in the recognition of
Anisakis allergens, either through diet or through active infection of
third stage larvae, shedding new light on the immunological mecha-
nisms of Anisakis-related urticaria phenotypes.
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