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SUMMARY

Protective as well as enhancing effects of parasite infections
on allergic disease have been postulated. Previous studies on
this relationship focused frequently on skin test reactivity
against aeroallergens, being house dust mites (HDM ) the main
agents responsible for a positive atopy outcome.

We aimed to analyse the possible relationship between
human parasite infection induced Anisakis simplex urticaria
and respiratory allergy.

A total of 86 patients with gastro-allergic Anisakiasis and
203 patients with chronic urticaria sensitized against A. sim-
plex were studied for sensitization against aeroallergens and eval-
uated for rhinoconjunctivitis or bronchial asthma (RCBA).
We compared the results with a control group of 250 consec-
utive patients referred for evaluation of allergic RCBA and
atopy prevalence data of our region.

Whereas no effect of A. simplex related disease on the overall
allergic respiratory disease could be detected, a highly significant
higher prevalence of RCBA associated HDM sensitization,
but diminished allergy against other common aeroallergens
(pollen, mould or dander) was observed in these groups.

The relationship between A. simplex parasitism-associated
acute or chronic urticaria on one side and allergic respiratory
disease on the other side depends on the definition of atopy.
We propose a differential definition of atopy, with a special
emphasis on arthropod related sensitization.
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INTRODUCTION

The relationship between parasites and allergy is an intriguing
matter in continuous debate in the last decades. One of the
main, but still controversial, topics has been the hypothesis that
parasite infection could be able to prevent allergic disease. In
general, antiworm IgE antibodies, one of the Th2-features
associated with parasite infections, are lower in continually
re-infected children than in adults who remain uninfected
(1). Evidence is accumulating that chronic helminth infections
are inversely associated with immune disorders, including
allergic disease (2,3). Thus, different studies show an inverse
association between helminth infection and atopy, as well as
allergic and nonallergic asthma (2,4,5). On the other side,
other studies, mainly from regions with low prevalences of
helminthiasis, have shown a positive association between asthma
and Ascaris infection (6-8). Yazdanbakhsh et al. worked out
an interesting hypothesis that could explain and unify the
apparently controversial findings by postulating a relevant
feature of IL-10 produced in chronic vs. sporadic parasite
infections (9). One of the postulated features of this anti-
inflammatory cytokine is its implication in the differential
regulation of IgG,, which may act as a blocking antibody
preventing mast-cell degranulation (10). Thus, in contrast to
chronic parasite infections in endemic regions, sporadic
parasite infection would produce an enhancement of the
allergic phenotype (11).

There is a lack of general agreement as to the precise
definition of atopy and how the atopic individual can be
identified: whereas the World Allergy Organization defines
atopic disease as clinical allergic symptoms in combination
with a positive allergy (skin prick test, SPT), the term atopy
is frequently used to define a genetic predisposition to react
by SPT to common aeroallergens, regardless of clinical
symptoms. By analysing the different studies with respect to
the outcome of protective or enhanced atopy or allergy,
other variables in the study design or population sample are
significant and summarized in Table 1.

Anisakis simplex parasitism is of worldwide distribution,
being the most frequent clinical feature gastric Anisakiasis.



A. Daschner et al.

Table 1 When studying the relationship between parasite infection
and the prevalence of allergic disease, the following variables
have up to now been reported to be significant with respect to the
outcome of protective or enhanced allergy by parasites (revised by
Carvalho et al. (46))

Chronic vs. sporadic infection (frequent, infrequent) (11,46)
Parasite load (46)

Immunologic response is species specific (47)

Definition of protection or enhancement of allergy by atopy

or asthma

Definition of atopy: specific serum IgE vs. SPT

The differences in the effects of geohelminth infections on allergic
sensitization may relate to the endemicity of geohelminth infections
between different populations (5)

Abdominal symptoms in acute gastric Anisakiasis result
from the penetration of the gastric mucosa by the live larva
of A. simplex. Gastro-allergic Anisakiasis (GAA) has been
described as a subgroup of gastric parasitism, where the
acute infection is accompanied by allergic symptoms like
urticaria, angio-oedema or anaphylaxis (12,13). Chronic
urticaria has also been related to previous parasitism by this
ubiquitous fish-nematode (14,15). As the 4. simplex cycle is
not adapted to humans, these are accidentally infected and
the parasite neither survives for more than a few days nor is
reproductive. Due to the high rate of fish-consumption in
Spain, of which the ingestion of raw, marinated anchovies
play an important risk factor, the described A. simplex-
induced allergic entities have a high prevalence in our area
(Figure 1) (16). Gastric or gastro-allergic parasitism has
been described as a model of acute parasitism, and is thus
interesting to study with respect to the accompanying
allergic phenotype (16).

The purpose of this study was to analyse the atopy status
as well as respiratory allergy in A. simplex related allergic
disorders.

Our results show convincing evidence that other impor-
tant factors, like the relationship between arthropod aeroal-
lergen prevalence and house dust mite skin reactivity or a
differential definition of atopy should be taken into account
when analysing the interaction between parasites and
allergy.

METHODS

We studied a total of 289 patients with A. simplex related
allergic disorders: 86 patients with GAA and 203 patients
with chronic urticaria sensitized against A. simplex (CU+).
As a control group served another 250 consecutive patients
with respiratory symptoms of suspected allergic origin.

2

Parasite Immunology

Figure 1 A succulent fish meal?: Here we can observe a live filiform
nematode (Anisakis simplex) emerging from anchovies (Engraulis
encrasicholus). If parasitized fish is eaten crude or undercooked, the
live larva, by penetrating into the gastric mucosa can produce
gastric Anisakiasis, gastro-allergic Anisakiasis as well as a
propensity to a chronic urticarial reaction.

All patients were studied by means of SPT for sensitization
against common aeroallergens. We have available data about the
existence or absence of RCBA in 92-5% of the studied patients.

Patients selection

All patients were consecutively recruited from the Allergy
Section of the University Hospital La Princesa in Madrid in
the centre of the city and from our peripheral allergy-unit in
Coslada, a semi rural area. GAA was diagnosed as previously
described (13). Shortly, diagnostic criteria were a compatible
history of intake of raw or undercooked fish in the 24 h previous
to the onset of acute urticaria, angio-oedema or anaphylaxis,
with or without digestive symptoms, together with a positive
SPT against A. simplex and a detectable specific serum IgE
against A. simplex. In the case of an only doubtful implication
of a suspected fishmeal, a descending total IgE and specific
IgE several months after the acute episode helped us to confirm
diagnosis as previously described (17). Criteria to include
patients in the CU+ group were chronic recurrent wheals for
more than 6 weeks, a positive SPT against A. simplex and
detectable specific IgE against A. simplex (> 1-5 kU/L).
The control group was composed of consecutive patients
referred to us for allergological evaluation of RCBA of
physician-based suspected allergic origin. These were not
assayed for A. simplex sensitization, assuming a known pre-
valence of A. simplex sensitization between 15% and 20% (16).

Skin prick test

SPT with A. simplex antigen (Laboratory IPI, Madrid, Spain).
SPT against aeroallergens (Laboratory ALK-Abello, Madrid,
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Spain): animal dander (cat, dog), house dust mites (HDM,
Dermatophagoides pteronyssinus, Dermatophagoides farinae),
five pollen mixtures of grass, tree and weed pollen, and
mould (Alternaria alternata, Cladosporium herbarum). SPT
was performed in standard technique and was considered
positive with a mean wheal diameter of > 3 x 3 mm. Histamine
at 1% concentration and saline solution 0-9% (NaCl) were
positive and negative controls. Sensitization to at least one
aeroallergen group was evaluated. Our control group serves
only for comparison of SPT reactivity of patients with
RCBA.

Therefore, we also carried out an estimated comparison
of our data with prevalence rates in the general population.
We analysed data from a study based on the European
Study of Asthma (18), a population-based study showing
data about skin reactivity in subjects with ages between 20
and 44 years against pollen, HDM, mould and dander,
comparable with our study and a similar SPT-method. Due
to the wide variations in prevalence of atopy described
in Spain (19), we only analysed data of a region in Central
Spain with similar climatic conditions to our study population.

Laboratory determinations

Specific IgE against A. simplex was assessed by Cap-Feia
(Phadia, previously Pharmacia, Uppsala, Sweden). Specific
IgE was considered positive with results > 0-35 kU/L, but
patients were included only if specific IgE was > 1-5 kU/L in
order to minimize false-positive test results.

Clinical respiratory symptoms

Patients were asked about seasonal or persistent RCBA
for at least 2 years, and were classified as having RCBA
symptoms or not regardless of the posterior SPT results
with respect to the physician-based suspicion of allergic
RCBA.

Statistics

Statistical analysis was performed using spss 15:0 for
Windows Version (SPSS Inc.).

Mean ages were calculated in all studied groups and
compared by ANOVA.

Prevalences were calculated for gender in all studied
groups and compared by y>-test.

Prevalences were calculated for: sensitization to at least
one aeroallergen group; (HDM; pollen, mould or dander
(PMD) as one sensitization group), RCBA, and RCBA
associated sensitization. y>-test and Fisher’s exact test were
used for comparison of sensitized patients in the studied
groups and control group.

© 2008 The Authors
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Figure 2 Prevalences of positive skin reactivity against aeroallergens.
Patients are sensitized against at least one aeroallergen (house dust
mites, pollen, mold or animal dander). The prevalence for the
general population is shown as the mean value from a comparable
study in the same region (18.3-24.6%). GAA: Gastro-allergic
Anisakiasis, CU+: Chronic urticaria with sensitization against
Anisakis simplex.

As mean age was significantly lower in the control group
with respect to the studied groups, the control group was
matched for age, and the comparisons were studied in a
second statistical analysis.

RESULTS

A significant difference in the ratio male/female was
observed comparing GAA patients (50/50) with CU+
patients (30/70; P = 0-01) and with the control group (36/64;
P =0-03).

Mean age was between 40 and 46 years in the studied
groups and 35 years in the control group (P < 0-0001).

After matching for age, mean age was 42-7 years in the
control group (n = 166).

Due to the inclusion criteria, all CU+ and GAA patients
had a positive SPT against A. simplex. Median specific IgE
against A. simplex was 14-5 (IQR 5:3-50-6) kU/L in
CU+ and 54-2 (IQR 23-5-96:9) kKU/L in GAA.

The prevalence of positive SPT against at least one aer-
oallergen group was clearly elevated in A4. simplex related
disorders, compared with the overall prevalence in the
general population (Figure 2).

The prevalence of RCBA regardless of SPT data was
24-5% for GAA and 40% for CU+ patients, without significant
differences within the studied groups. We have not any
available useful data for comparison.

If only those patients were studied with sensitization
against at least one aeroallergen group (= RCBA associated
sensitization), the prevalence of RCBA was 21-1% in GAA
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Figure 3 Differential prevalences of positive skin reactivity against
aeroallergens in studied groups. Data for the general population are
shown as an estimated comparison by combining the overall
prevalence of positive SPT in our region (adapted data, see
Methods-section) and our own differential results. GAA:
Gastro-allergic Anisakiasis, CU+: Chronic urticaria with
sensitization against Anisakis simplex. SPT: Skin Prick Test.
PMD: pollen, mould or dander. HDM: house dust mites.

and 28-8% in CU+ patients (no significant differences
within the studied groups). No useful data are available for
a scientifically significant comparison.

The prevalence of positive SPT against aeroallergens in
patients with RCBA was between 76-3% and 84-6% in our
studied groups and similar with 75:6% in our control
group. This means, that a similar proportion of patients
with physician-based RCBA did not display any positive
SPT.

We searched for a probable explanation of the high
prevalence of positive SPT to aeroallergens in all studied
groups of A. simplex related disorders: patients were
above all sensitized against PMD, but interestingly HDM
sensitization makes up about half of the sensitization rate
in A. simplex related allergic disorders. On the other side in
Central Spain only about 7-5% are sensitized to HDM
(Figure 3).

Exclusive HDM sensitization in the studied groups is
frequent and could explain in part the overall elevated SPT
prevalences (Figure 3) in these groups.

We then analysed the possible clinical relevance of the
different sensitization rates. Thus we looked for the distribu-
tion of specific aeroallergen sensitization ONLY in patients
with respiratory symptoms (RCBA) (Figure 4). We detected
in our control group a higher sensitization rate against
PMD (96%) compared with our studied groups (66-76%)
but a higher sensitization rate against HDM in A4. simplex
related disorders (55-59%; P = 0-001).

4

Parasite Immunology

100%

66

\
§
\

GAA CU+ Control

mPMD HDM Only PMD  @Only HDM

Figure 4 Differential sensitization prevalences in patients with
allergic rhinoconjunctivitis or bronchial asthma. This analysis
includes patients with sensitization to at least one aeroallergen
(HDM: house dust mites; PMD: pollen, mould or dander).
GAA: Gastro-allergic Anisakiasis, CU+: Chronic urticaria with
sensitization against Anisakis simplex. The differences between
all studied groups versus control group are highly significant

(p between 0.001 and 0.0001).

Analysing respiratory allergy for sensitization only against
HDM, we find only about 4% sensitization in our control
group (patients with RCBA associated sensitization), but a
significant higher percentage between 24% and 34% in our
studied groups (P = 0-0001). In parallel, sensitization only
against PMD allergens is diminished in A4. simplex related
disorders (41-45%) compared with our control group (65%;
P =0-001) (Figure 4).

After matching the control group for age, no differences
in the commented results could be stated.

DISCUSSION

Before analysing our data, and comparing with previous
studies in the same fields, for a more comprehensive reading,
some special aspects of this study have to be highlighted:

1 Our study and control population in Central Spain live in
a predominantly dry climate at about 600 m and are
exposed to low levels of HDMs.

2 No chronic parasitic disease is worth mentioning with
respect to a significant prevalence.

3 High sensitization rates against 4. simplex in the general
population explain the endemic character of contact of
our population with this parasite, but GAA and Gastric
Anisakiasis are acute expressions of this parasitism,
whose larvae do not survive in humans.

4 In our evaluation of atopic disease, we do not only take
into account only bronchial asthma, but also allergic
rhinoconjunctivitis.

© 2008 The Authors
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The prevalence of positive SPT to any aeroallergen was
estimated to be more than two times higher in our studied
groups than previously described in a comparable population
based sample. When we analysed for differential sensitization,
a high proportion of positive SPT could be attributed to
exclusive HDM sensitization. This fact is considerable, as
sensitization to HDM is infrequent in Central Spain, with a
predominant dry climate and an altitude of the meseta
(plateau of Castile) of > 600 m. Exclusive HDM sensitization
in the general population has been estimated at about 0-8%,
but between 12% and 16% in our studied groups, reflecting
the possibility, that this HDM sensitization without sensiti-
zation to other aeroallergens could be the main responsible
for the overall elevated SPT reactivity.

The main problem in the evaluation of SPT with mites is
a possible proteolytic irritancy of some allergenic extracts or
the putative degranulation capacity of mite elastase (20,21).
Whereas all patients were studied by the same method, it
could be argued, that urticaria patients would be more
prone to irritancy or nonspecific results by skin testing.
Previous results also showed an association of chronic urticaria
with predominant HDM skin reactivity (20,22). In spite,
two aspects of our results rest importance to this idea. First,
there is a high proportion of patients with previous respiratory
allergy exclusively sensitized to HDM. More importantly,
patients with GAA (only acute urticaria or angio-oedema of
mainly less than 24 h duration) do not have chronic cutaneous
symptoms or hyperreactivity and were evaluated for A. simplex
sensitization by means of SPT several weeks or months after
the acute episode. These patients were comparable with respect
to the HDM sensitization rate to those with CU+ patients.

Thus, cross-reactivity of HDM and A. simplex could be the
primary factor, that would explain our findings and has pre-
viously been documented by immunoblotting inhibition, but
was more pronounced between A. simplex and storage mites
(23). Other studies showed cross-reactivity between A. simplex
and D. pteronyssinus (23,24). Helminth parasites and HDM
are known to share several structures like glutathione
S-transferase, paramyosin or tropomyosin (25). But, more
interesting, N-glycans, like o(1,3)-linked fucose is present on
glycoproteins of arthropods and helminths and could act as
pattern recognition receptors (9,26,27). The clinical relevance
has not yet been clarified, as is the question if this cross-reactive
IgE is of low affinity. Hence, by analogy with cross-sensitization
from pollen to foods, sensitization to parasites might induce
clinically irrelevant cross-reactions to HDMs (26).

On the other side, if we take into regard only patients with
rhinoconjunctivitis or bronchial asthma (RCBA), we find a
very high sensitization rate against HDM in A. simplex
related disorders. Therefore, the association of sensitization
between Dermatophagoides spp. and A. simplex could be of
clinical relevance.

© 2008 The Authors
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Further, arguments extracted from our own study diminish
the importance of cross-reactivity as main explanatory
factor. While the frequency of the overall sensitization
against HDM is elevated, RCBA-associated SPT reactivity
against the PMD group is diminished in our patients with
A. simplex related urticaria. This inversion is not a simple
reflection of the change in the relationship of HDM/PMD
sensitization, as in our estimated comparison with the
general population, the prevalence of the overall RCBA
associated sensitization is diminished.

It is conceivable, that infection with IgE-inducing parasites
results in stimulation of dormant allergic manifestations
in atopic subjects (28). If cross-reactivity between A. simplex
and HDM is clinically relevant, this could explain the
apparently different prevalences of especially clinically
relevant HDM related respiratory disease in our studied
groups. Threshold levels for sensitization as well as for
eliciting clinical symptoms have been proposed for HDM
(29). Thus, generally low levels of HDM-allergens in our
studied region do not give rise to primary sensitization, but
cross-sensitization could elicit symptoms by HDM or other
arthropods, as threshold levels for clinical symptoms could
be lowered.

Previous studies, which showed a negative correlation
between atopic asthma and parasites, have mainly been
carried out in populations with a high prevalence of helminthic
infections (4,30). These are supposed to be more prevalent
in tropical regions, where there are also favourable climatic
conditions for the growth of different mite species (31). This
is important to mention here, because for the proposed
protective effect of an atopic status on parasitic disease, or
the proposed protective effect of chronic parasitic infection
on asthma or skin reactivity, the definition of atopy has
widely been the presence of positive skin reactivity to at
least one common aeroallergen. If we thoroughly analyse
these studies, we find, that the predominant ‘atopy marker’
is HDM sensitization, frequently finding only weak sensiti-
zation rates against nonarthropod allergens (4,31-34). Van
den Biggelaar et al. showed a decreased reactivity to house
dust mite in Schistosoma haematobium infected children in
a region where sensitization to other aeroallergens (pollen,
dander) was extremely infrequent (35).

‘We only could compare our parasite linked atopy prevalence
by means of an estimated comparison. Therefore we cannot
reach any powerful valid conclusion about the direct associ-
ation of A. simplex related disorders and atopy. However,
using a rapid undifferentiated definition of atopy, defined as
a positive SPT to at least one common aeroallergen, we
would have concluded an enhancing effect of A. simplex on
atopy. The 21-5% prevalence of clinically confirmable allergic
rhinitis in a cross-sectional, population based study in Spain
(36), percentage, which has to be slightly elevated, if we take
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Figure 5 Protective or enhancing effect of Anisakis simplex related
disorders on atopy and allergy. Opposite results depend on the
definition of atopy. If the general atopy status is assessed, we detect
an enhancing effect A. simplex parasitism on atopy (see Figure 2).
If only RCBA associated sensitization (RCBA plus positive SPT) is
assessed no significant effect can be detected (see Discussion),
whereas, if we finally apply a differential atopy definition (see
Figure 4), an enhancing effect for HDM related RCBA can be
stated, but a slightly protective effect for RCBA associated
sensitization against the pollen, mould or dander group (PMD).

RCBA

into account the prevalence of allergic asthma without
rhinitis, places a comparable prevalence near our own
prevalence of allergic RCBA between 21-1% and 28-8%,
expressing the absence of an effect of A. simplex on the
prevalence of allergic RCBA. But with our innovative analy-
sis, when differentiating HDM from other aeroallergens
(PMD), the prevalence of RCBA associated PMD sensitiza-
tion is slightly diminished, whereas RCBA associated HDM
sensitization is clearly elevated (Figure 5).

In the clinical evaluation about the relationship between
allergy and parasites, it is asthma or bronchial hyperrespon-
siveness as unique expression of respiratory allergy, which
have mainly been analysed in previous studies. This is
probably due to the fact that the association of asthma and
skin reactivity as a risk factor in industrialized countries has
mainly been reported for HDM (37). But allergic rhinocon-
junctivitis in industrialized countries is much more frequent
than asthma. Therefore, in spite of the less objective
measurement of physician-based evaluation of rhinocon-
junctivitis, we were able to have at our disposal an ample
sample size in our studied groups if we investigated not only
asthma symptoms.

Our results, taking into regard only SPT positive associated
respiratory allergies, are in accordance with the hypothesis
of enhanced atopic respiratory disorders associated with
only sporadic contact with parasites, in this special case of
A. simplex infection induced urticaria, but only taking into
account HDM sensitization (26,38). A higher frequency of
Dermatophagoides sensitization has been reported among
children who become infected with Ascaris (7). In one study,
the allergen content of dust samples was measured, and
despite a lower Der p I allergen exposure in the rural popu-
lation, a high frequency of D. pteronyssinus sensitization was
described and associated with high-intensity parasite infec-
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tion (4). This is consistent with our idea, that atopy defini-
tion should be differentiated with respect to arthropod (as
are HDMs and probably cockroaches) and parasite related
allergens on one side and pollen, dander or mould allergens
on the other side. Cross-reactivity between nematodes
and arthropods, as has been documented previously
(24,26,39-41), and our own results encourages us to this
differential definition of atopy and the conclusion, that we
are dealing with two different entities of allergic aeroallergen
sensitization.

Anisakis simplex is acquired as short-term infection and
thus explains the more frequent generation of allergic
responses. But this allergic response has been postulated to
help expelling the worm. Thus, the allergic phenomenon in
the gastric mucosa and the gastric symptoms, which include
vomiting, would help to get rid of the larva (12,42-44), as
has also been postulated in early reports from Japan on
Gastric Anisakiasis and possibly restricted to genetic factors
(42,45). The accompanying cutaneous reaction in GAA
could be seen as an accompanying phenomenon of this gastric
reaction. Thus, our results reflect the idea that a genetic
predisposition to a differential sensitization against HDM
or related allergens, protects against 4. simplex infection,
where the accompanying urticaria helps with the expulsion
of the larva (12).

As A. simplex larvae do not survive, develop or multiply
in humans as accidentally hosts, there is no evolutionary
selection factor to be supposed in the relationship between
both: neither is it to be expected, that humans have devel-
oped a response directed specifically against 4. simplex, nor
is it to be expected, that, like in other host—parasite relation-
ships, it is the fish—parasite 4. simplex that has evolved
mechanisms to induce specific immunologic mechanisms in
humans. Thus, immunologic features are to be interpreted in
the sense of a general nematode or perhaps helminth parasite
response, as could be the above mentioned pattern recognition
receptors, mimicking a response to other parasites that in
turn have a co evolutionary relationship with humans.

Again, these facts underline our idea, that Anisakis related
disorders, that are predominantly Th2 related, are probably
associated with a propensity not merely to an atopic status,
but possibly to a restricted HDM-reactivity. This reactivity
could in turn reflect a facilitated immune reaction to other
arthropods and nematodes. In this respect it is notable, that
nearly all patients with HDM reactivity showed positivity
against D. pteronyssinus and D. farinae, and most also
against cockroach (data not shown). Our question remains:
does contact with 4. simplex have an influence on an
arthropod specific allergic sensitization to aeroallergens or
does an allergic predisposition against specific arthropod
allergy confer protection against parasites cross-reacting
with A. simplex?

© 2008 The Authors
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