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a b s t r a c t
Background: Polysensitization is common in patients with allergic rhinitis (AR) and may affect clinical feature.
However, there are patients who remain monosensitized.
Objective: This cross-sectional study aimed at evaluating a large cohort of AR patients to deﬁne the percentage
and the features of mono- and poly-sensitized subjects.
Methods: This observational cross-sectional study included a large group of AR patients: 2415 subjects (1958
males, mean age 24.6 ± 5 years) were consecutively evaluated. Symptom severity, type and number of
sensitizations, and AR duration were considered.
Results: 621 patients (25.7%) were monosensitized: 377 to Parietaria, 194 to house dust mites, 19 to birch, 17
to grasses, 12 to molds, 2 to olive, and 1 to cypress. There was no difference between mono- and
polysensitized patients concerning the duration of rhinitis (6 ± 2.14 years vs 6 ± 3.7).
Severity of symptoms was higher in polysensitized patients than in monosensitized (p b 0.05); in addition,
there was a difference among monosensitized patients: Parietaria-allergy induces the most severe symptoms.
Conclusion: This study conducted in a large AR population might suggest that monosensitized and
polysensitized AR patients could constitute two different categories. In addition, the speciﬁc type of allergy
may condition the clinical feature.
© 2011 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction
Allergic rhinitis (AR) is the most frequent IgE-mediated disease, as
its prevalence may be up to 40% of the general population [1], and
causes substantial social and economic costs [2]. In fact, school or
work performance and absences (including parents' work absences),
daily activities and plays, and quality of sleep are signiﬁcantly affected
in both children and adults with AR [3]. AR may be also frequently
associated with asthma as underlined by the ARIA (Allergic Rhinitis
and its Impact on Asthma) document [4].
Moreover, the increasing number of sensitizations in the same
allergic patient seems to characterize the natural history and may
represent a common feature of allergic patients [5]. However, it has
been documented that atopic infants start always with monosensitization [6].
Polysensitization is an immunological phenomenon that is
clinically signiﬁcant and relevant from an epidemiological point of
view. Indeed, polysensitization has been well documented in several
studies conducted both in children and in adults, during general
population survey or in allergic population-based studies [7–13]. In
addition, polysensitization concurs to the burden of AR as it may be
associated with a more impaired quality of life than monosensitiza⁎ Corresponding author at: Semeiotica e Metodologia Medica I, Viale Benedetto XV 6,
16132 Genoa, Italy. Tel.: + 39 10 35331820; fax: + 39 10 3538664.
E-mail address: gio.cip@libero.it (G. Ciprandi).

tion [14]. On the other hand, there are patients who remain monosensitized over the years.
Moreover, AR is typically sustained by allergic inﬂammation which
depends on allergen exposure. However, it has been reported that the
inﬂammatory and clinical pattern is different on the basis of the
speciﬁcity of the causal allergen [15]. Therefore, each allergen may
induce a particular biological and clinical feature [15].
An unanswered question is whether monosensitized AR patients
may present different clinical features in respect to polysensitized
patients. Therefore, this cross-sectional study aimed to evaluate a
large cohort of AR patients to deﬁne the percentage and the characteristics of monosensitized AR subjects.

2. Materials and methods
2.1. Study design and setting
This observational cross-sectional study included a large group of
patients with allergic rhinitis. All of them were Navy soldiers who
referred to Navy Medical Service for periodic ﬁtness visit, in order to
be allowed to attend speciﬁc courses (e.g., for pilot, frogman, diver,
submariner, etc.). The visits were performed during the spring immediately before the beginning of class.
The Navy Review Board approved the study procedures and written
informed consent was obtained from each subject.
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2.2. Subjects
Two thousand four hundred ﬁfteen patients (1958 males, mean
age 24.6 ± 5 years) were consecutively evaluated. A detailed clinical
history was taken and a complete physical examination was performed. The patients were included in the study on the basis of a
clinical history of allergic rhinitis and AR diagnosis made according to
validated criteria [4]. Exclusion criteria were: any prior history of
asthma, chronic or acute upper respiratory infections, previous or
current speciﬁc immunotherapy. All patients were treated with drugs
(e.g. with antihistamines) only if actually needed. It should be noted
that all subjects included in this study had no symptoms of lower
airway disease or asthma. In fact, the military service does not accept
subjects who have asthma or other known lung diseases.
2.3. Symptoms
The following nasal symptoms were assessed through questions
made by the investigator: nasal obstruction, sneezing, rhinorrhea, and
itchy nose. Each symptom was evaluated on the following scale: 0 =
absent, 1 = mild (symptom was present but was not annoying or
troublesome), 2 = moderate (symptom was frequently troublesome
but did not interfere with either normal daily activity or sleep), and 3 =
severe (symptom was sufﬁciently troublesome to have interfered with
normal daily activity or sleep). Total symptom score (the sum of single
scores) was calculated as previously reported [16].
2.4. Skin-prick test
Atopy was assessed by the presence of sensitization to the most
common classes of aeroallergens by performing a skin-prick test. It
was performed as stated by the European Academy of Allergy and
Clinical Immunology [17]. The allergen panel consisted of the
following: house-dust mites (Dermatophagoides farinae and Dermatophagoides pteronyssinus), cat, dog, grasses mix, Compositae mix,
Parietaria judaica, birch, hazel trees, Olea europea, cypress, Alternaria,
Cladosporium, and Aspergilli mix. The concentration of allergen
extracts was 100 immune reactivity/mL (Stallergenes, Milan, Italy).
A histamine solution in distilled water (10 mg/mL) was used as
positive control and the glycerol-buffer diluent of the allergen preparations was used as negative control. Each patient was skin tested on
the volar surface of the forearm using 1-mm prick lancets (Stallergenes). The skin reaction was recorded after 15 min by evaluating
the skin response in comparison with the wheal given by the positive
and the negative control. A wheal diameter of at least 3 mm was
considered as a positive reaction.
2.5. Statistical analysis
Descriptive statistics were calculated and reported in terms of
frequencies and percentages for qualitative variables. Analysis of the
Total Symptoms Scores between mono- and polysensitized patients
was performed by means of the Student's T test; Analysis of the Total
Symptoms Scores in the group of monosensitized patients was
performed by means of non-parametric Analysis of Variance (Friedman's test).
Stata 10.1 (StataCorp, College Station, TX) was used for computation. A two-sided value of p b 0.05 was considered statistically
signiﬁcant.

Fig. 1. Percentage of frequency of 621 monosensitized and 1824 polysensitized subjects
in the cohort of 2415 patients with allergic rhinitis.

birch, 17 (2.7%) to grasses, 12 (2.1%) to molds (interestingly there was
no patient monosensitized to cat or dog), 2 to olive, and 1 to cypress as
reported in Fig. 2.
There was no difference in age (25.6 vs 24.2 years) and duration of
rhinitis (6 ± 2.14 years vs 6 ± 3.7) between mono- and polysensitized
patients.
Severity of symptoms was signiﬁcantly higher in polysensitized
patients (6.94± 2.2 with C.I. 0.57) than in monosensitized (6.06± 2.14
with C.I. 0.55) (pb 0.05) as reported in Fig. 3.
In addition, there was a signiﬁcant difference among monosensitized
patients: Parietaria (6.73 ± 2.05 with C.I. 0.52), HDM (5.03 ± 1.93 with
C.I. 0.48), grasses (5± 0.93 with C.I. 0.38), birch (4± 1.46 with C.I. 0.41),
and molds (5.08 ± 1.97 with C.I. 0.49).
Parietaria-allergy induces the most severe symptoms vs HDM
(p b 0.05), grasses (p b 0.01), birch (p b 0.05), molds (p b 0.05), olive
and cypress as shown in Fig. 4.
4. Discussion
Polysensitization is an immunological phenomenon that is
clinically signiﬁcant and relevant from an epidemiological point of
view, as recently reported in recent surveys [5–13]. The increasing
number of sensitizations seems to characterize the natural history of
allergic patient and may represent a typical evolution of allergy. The
percentage of polysensitized patients may widely range from 20 to
90% of evaluated populations [18]. Polysensitization may be also
associated with different clinical features in respect to monosensitized patients, and especially with a more impaired quality of life
[14,18]. A previous study demonstrated that allergic children had
higher frequency of sensitizations than parents, mainly in family with
polysensitizations [19]. Another study reported that polysensitized
patients had more severe symptoms than monosensitized ones [11].
Moreover, it has been observed that polysensitized patients with

3. Results
Globally, 2445 patients were visited: 1824 (74.3%) were polysensitized and 621 (25.7%) were monosensitized as shown in Fig. 1.
Analyzing the monosensitized patients, 377 (61%) patients were
sensitized to Parietaria, 194 (31.2%) to house dust mites, 19 (3%) to

Fig. 2. Percentage of frequency of single sensitizations in the 621 monosensitized AR
patients.
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Fig. 3. Mean ± S.D. of total symptom scores in 621 monosensitized and 1824
polysensitized AR patients (Student's T test).

rhinitis more frequently present associated asthma than monosensitized ones [18].
On the other hand, there are patients that remain monosensitized
during their life. A very recent study supported an immunological
hypothesis for explaining the trend to develop polysensitization: a
functional defect of T regulatory cells [20]. Children with persistent
monosensitization produced higher quantity of IL-10 and IFN-γ than
children developing polysensitization [20] This fact might suggest the
existence of two different phenotypes for mono- and poly-sensitized
patients. Therefore, this study was designed for investigating the
clinical characteristics of mono- and polysensitized patients in a large
cohort of AR subjects.
Firstly, this study shows that polysensitization is very common as
about 3/4 of patients were sensitized to more allergens. In addition,
polysensitized patients had more intense symptoms than monosensitized ones. This ﬁnding is quite obvious as the allergic inﬂammation
tend to be chronic in these patients so symptoms become persistent
and severe. This issue has been well described in literature [16].
Secondly, there is no difference about the duration of rhinitis: this
fact might means that monosensitized patients may remain in this
state over the time. It might support the possible existence of two
distinct phenotypes for monosensitized and polysensitized subjects.
In fact, it is well known that duration of allergic rhinitis may have
profound impact in the natural history, mainly concerning the impairment of nasal function and the association with asthma [1,21].
Nevertheless, monosensitized had the same AR duration in comparison with polysensitized ones.
Thirdly, the type of allergy is relevant for characterizing clinical
picture: Parietaria allergy causes the more severe symptoms. Parietaria
is a pollen with a very long pollination period so that it may be con-

Fig. 4. Median, interquartile ranges, minimum and maximum of total symptom scores
in Monosensitized AR patients considering each single causal allergen (Analysis of
Variance: Friedman's test).
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sidered an almost perennial allergen so the allergic inﬂammation
is very persistent and may affect the clinical picture as previously
reported [22].
Finally, there are allergens that rarely induce monosensitization and
others that do not sustain monosensitization. This ﬁnding underlines
a very relevant issue: the speciﬁcity of allergy. Recent studies has
demonstrated that each allergen is able of causing a different immunological, inﬂammatory, functional, and clinical pattern, probably
depending on own biological property [23,24]. In this regard the concept
of periodicity of pollen allergy has to be abolished as evidenced by recent
reports [25,26].
On the other hand, polysensitization may have a paramount
relevance in clinical practice: for example, many physicians have
doubts in choosing the allergen extract for allergen speciﬁc immunotherapy. In this regard, the evaluation of immunotherapy efﬁcacy in
polysensitized patients still represents an unanswered question and
there are very few studies on this issue. Adkinson et al. conducted a
controlled trial of subcutaneous immunotherapy (SCIT) in children
with allergic asthma using several (up to 7) allergens and found no
discernible beneﬁt [27]. By contrast, Alvarez-Cuesta et al. demonstrated in a placebo controlled study that SCIT with both grass and
olive pollens was able to signiﬁcantly improve the quality of life in
patients with seasonal allergic rhinitis due to double sensitisation
[28]. A recent open study used sublingual immunotherapy (SLIT) to
evaluate the respective efﬁcacy of treatment with grass pollen, birch
pollen, or both, in patients with double sensitization to such pollens
[29]. SLIT with only grass pollen achieved some improvement in the
season of birch pollen, and vice versa; the authors attributed this
outcome to possible cross-reactivity of the two pollen allergens or to
induction by the ﬁrst SLIT treatment of production of interleukin 10,
which exerts a partially nonspeciﬁc immunologic regulatory effect.
However, SLIT with both pollens provided the best clinical outcome.
Finally, a very recent study, based on real life clinical practice, provided an interesting observation: although the mean number of sensitisations was 3.65 in studied population, a single extract was chosen
in about two thirds of patients, and few allergens were used in the
remaining [30]. This study indicates that polysensitization should not
constitute an impediment to SLIT prescription if only few allergens are
chosen. Moreover, this choice seemed to be correct as SLIT efﬁcacy
was conﬁrmed in that cohort also limiting the number of used allergens; in particular, the suitability of the allergen choice was conﬁrmed
by SLIT effectiveness on the reported improvement of AR and asthma
classiﬁcations [30].
Polysensitization may have another clinical implication in patients
with oral allergic syndrome that is frequently associated with pollen
allergy, mainly concerning birch allergy. In this regard, the recombinant allergen-based concept of component-resolved diagnostic (CRD)
and immunotherapy might be very relevant in the next future [31,32].
Overall, the evaluation of the so called “pan-allergens” might have a
crucial role in managing polysensitized patients [33]. In fact, there are
some “common” allergens, such as proﬁlin and Ca binding proteins,
which may cause skin prick positivities without real clinical allergy
[34].
On the other hand, monosensitization seems to be characterized
by a less severe clinical feature. However, the speciﬁc causal allergen
may characterize the clinical proﬁle.
Parietaria is characterized by a very protracted ﬂowering period so
the symptoms may be almost perennial if the climate is mild such as
in Mediterranean area [35]. Parietaria is a relevant cause of respiratory
allergy in many countries [35].
Grasses are the most common cause of hay fever in Europe: indeed
it can be estimated that more than 40% of allergic patients are
sensitized against grasses [36]. Pollen from different grass species,
corn and other monocotyledonous plants contain a variety of different
allergen molecules with cross-reactive potential. There are 6 groups of
grass pollen allergens even though the grass pollen extracts used for
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immunotherapy are mainly standardized regarding their contents of
groups 1, 2, and 5 allergens, thus caution should be regarded in these
patients. CRD may be useful in this situation: immunotherapy is not
indicated if patients are negative for any of the four marker allergens
of these groups (i.e. rPhl p1, p2, p5, p6) [37].
Olive allergen is characterized by a relatively short period of
pollination, however it has been reported that symptoms may persist
for long time after olive pollen season [38].
Birch allergy is very common in Scandinavia, however the major
birch pollen allergen Bet v 1 (recognized by more than 95% of patients
with birch allergy) cross-reacts with trees belonging to the order
Fagales [39]. Moreover, Bet v 1 may trigger the synthesis of speciﬁc IgE
antibodies that are capable of cross-reacting with its homologue in
apple Mal d 1 (Malus domesticus) [40].
Cypress pollen is present only during the winter and the symptoms due to cypressus allergy are particularly severe so that cypress
allergy may be confounded with ﬂu-like syndrome [41].
Finally, ragweed allergy is very common in North America and
recently also in Europe [42], but there are no patients with ragweed
monosensitization in our cohort.
On the other hand, perennial allergens, such as mites and pets, are
important in younger patients because of the persistence of the
exposure: indeed, allergen exposure causes inﬂammatory reaction,
which is chronic in patients with perennial allergic rhinitis [43]. It is
striking that there is no monosensitized patient to pets: this ﬁnding
needs further re-evaluation.
This study conducted in a large cohort conﬁrms that monosensitization is quite rare, whereas polysensitization is common as about
3/4 of patients are sensitized to more allergens. In this regard, it is to
note that there are various publications from the Global Allergy and
Asthma European Network (GA 2LEN) which has been founded for
responding to some unanswered questions. The ﬁrst document standardized the procedure for skin prick test and deﬁned a Paneuropean
panel of allergen extract to be used for skin prick test [44], which is
substantially similar to the panel used in the current study. Then, 18
European birth cohorts on asthma, allergic rhinitis and eczema were
identiﬁed and assessed for future comparative studies [45]. Another
publication established a standardized quality management system
for the GA 2LEN, so harmonized procedures can be achieved in an
international health network and ensures quality of care [46].
However, the main aim of GA 2LEN is to combat fragmentation in
the European research area and to tackle allergy in its globality [47]. In
this regard, the present study could give an adjunctive contribution
concerning the relevant issue of polysensitization. Nevertheless, it is
to note that a possible limitation of this study is represented by the
methodology of study. In fact, patients were assessed only by skin
prick test (for obvious economic reason). Unfortunately, skin prick
test were performed only to subjects with symptoms, so there is no
information about subjects with mono- or poly-sensitizations without
clinical manifestations. This issue is clinically relevant as the assessment of differences between the asymptomatic and symptomatic
groups of subjects represent one of the scientiﬁc programs of Global
Allergy and Asthma European Network funded by the European Union
[48].
It is important to underline that only the component-resolved
diagnosis allows to reach more conclusive ﬁndings [49]: indeed, some
skin positivities could not correspond to real clinical allergy, but to a
cross-reactivity to “pan-allergens”.
Finally, it is to note that this study has some relevant limitations:
i) the studied population was particularly selected as the patients
were young adults and mostly males, ii) only allergic rhinitis was
investigated, iii) only nasal symptoms were assessed, and iv) the
different symptom severity between mono- and polysensitized
patients might be not clinically relevant.
In conclusion, this study conducted in a large AR population might
suggest that monosensitized and polysensitized AR patients could

constitute two different categories and also the speciﬁc type of allergy
may be able of conditioning the clinical feature. However, further
studies should be conducted in more heterogeneous populations to
conﬁrm these ﬁndings.
Learning points
• Monosensitized and polysensitized AR patients could constitute two
different categories.
• The speciﬁc type of allergy is able of conditioning the clinical
feature.
Conﬂict of interest
The authors state that there is no conﬂict of interest.
References
[1] Van Cauwenberger P, De Belder T, Vermeiren J, Kaplan A. Global resources in
allergy (GLORIA): allergic rhinitis and conjunctivitis. Clin Exp All Rev 2003;3:
46–50.
[2] Crystal-Peters J, Crown WH, Goetzel RZ, Schutt DC. The cost of productivity losses
associated with allergic rhinitis. Am J Manage Care 2000;6:373–8.
[3] Wallace DV, Dykewicz MS, Bernstein DI, et al, Joint Task Force on Practice,
American Academy of Allergy, Asthma & Immunology, American College of
Allergy, Asthma and Immunology, Joint Council of Allergy, Asthma and
Immunology. The diagnosis and management of rhinitis: an updated practice
parameter. J Allergy Clin Immunol Aug. 2008;122:S1–S84.
[4] Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al. Allergic
rhinitis and its impact on asthma (ARIA) 2008 update (in collaboration with the
World Health Organization, GA2LEN and AllerGen). Allergy 2008;63:8–160.
[5] Fasce L, Tosca MA, Olcese R, Milanese M, Erba D, Ciprandi G. The natural history of
allergy: the development of new sensitisations in asthmatic children. Immunol
Lett 2004;93:45–50.
[6] Fasce L, Tosca MA, Barofﬁo M, Olcese R, Ciprandi G. Atopic infants with wheezing
start always with monosensitization. All Asthma Proc 2007;28:449–53.
[7] Arbes Jr SJ, Gergen PJ, Elliott L, Zeldin DC. Prevalences of positive skin test
responses to 10 common allergens in the US population: results from the third
National Health and Nutrition Examination Survey. J Allergy Clin Immunol
2005;116:377–83.
[8] Craig TJ, King TS, Lemanske Jr RF, et al. Aeroallergen sensitization correlates with
PC(20) and exhaled nitric oxide in subjects with mild-to-moderate asthma. J
Allergy Clin Immunol 2008;121:671–7.
[9] Antonicelli L, Micucci C, Voltolini S, Feliziani V, Senna GE, Di Blasi P, et al. Allergic
rhinitis and asthma comorbidity: ARIA classiﬁcation of rhinitis does not correlate
with the prevalence of asthma. Clin Exp Allergy 2007;37:954–60.
[10] Bugiani M, Carosso A, Migliore E, Piccioni P, Corsico A, Olivieri M, et al. Allergic
rhinitis and asthma comorbidity in a survey of young adults in Italy. Allergy
2005;60:165–70.
[11] Peternel R, Milanovic SM, Hrga I, Mileta T, Culig J. Incidence of Betulaceae pollen
and pollinosis in Zagreb, Croatia, 2002–2005. Ann Agric Environ Med 2007;14:
87–91.
[12] Navarro A, Colas C, Anton E, Conde J, Davila I, Fernandez-Parre B, et al.
Epidemiology of allergic rhinitis in allergy consultations in Spain: Alergológica2005. J Investig Allergol Clin Immunol 2009;19:7–13.
[13] Crimi P, Minale P, Tazzer C, Zanardi S, Ciprandi G. Asthma and rhinitis in
schoolchildren: the impact of allergic sensitization to aeroallergens. J Investig
Allergol Clin Immunol 2001;11:103–6.
[14] Ciprandi G, Klersy C, Cirillo I, Marseglia GL. Quality of life in allergic rhinitis:
relationship with clinical, immunological, and functional aspects. Clin Exp Allergy
2007;37:1528–35.
[15] Gelardi M, Maselli DelGiudice A, Candreva T, Fiorella ML, Allen M, Klersy C, et al.
Nasal resistance and allergic inﬂammation depend on allergen type. Int Arch
Allergy 2006;141:384–9.
[16] Ciprandi G, Cirillo I, Vizzaccaro A, Tosca MA, Passalacqua G, Pallestrini E, et al.
Seasonal and perennial allergic rhinitis: is this classiﬁcation adherent to real life?
A population based study. Allergy 2005;60:882–7.
[17] EAACI Subcommittee on Skin Tests. Skin tests used in type I allergy testing.
Position Paper. In: Dreborg S, editor. Allergy 1989;44:22–31.
[18] Ciprandi G, Alesina R, Ariano R, Aurnia P, Borrelli P, Cadario G, et al. Characteristics
of patients with allergic polysensitization: the POLISMAIL study. Eur Ann Allergy
Clin Immunol 2008;40:77–83.
[19] Silvestri M, Oddera S, Crimi P, Rossi GA. Frequency and speciﬁc sensitization to
inhalant allergens within nuclear families of children with asthma and/or rhinitis.
Ann Allergy Asthma Immunol 1997;79:512–6.
[20] Prigione I, Morandi F, Tosca MA. Silvestri, Pistoia V, Ciprandi G, Rossi GA
Interferon-gamma and IL-10 may protect from allergic polysensitization in
children: preliminary evidence. Allergy 2010;65:740–2.
[21] Ciprandi G, Cirillo I, Pistorio A. Impact of allergic rhinitis on asthma: effects on
spirometric parameters. Allergy 2008;63:255–60.

G. Ciprandi, I. Cirillo / European Journal of Internal Medicine 22 (2011) e75–e79
[22] Negrini AC, Arobba D. Allergenic pollens and pollinosis in Italy: recent advances.
Allergy 1992;47:371–9.
[23] Ciprandi G, Contini P, Fenoglio D, Sormani MP, Negrini S, Puppo F, et al.
Relationship between soluble HLA-G and HLA-A,-B,-C serum levels and IFNgamma production after sublingual immunotherapy in patients with allergic
rhinitis. Human Immunology 2008;69:510–2.
[24] Gelardi M, Maselli del Giudice A, Candreva T, Fiorella ML, Allen M, Klersy K, et al.
Nasal resistance and allergic inﬂammation depend on allergen type. Int Arch
Allergy Immunol 2006;141:384–9.
[25] Bousquet J, Annesi-Maesano I, Carat F, Leger D, Rugina M, Pribil C, et al.
Characteristics of intermittent and persistent allergic rhinitis: DREAMS study
group. Clin Exp Allergy 2005;35:728–32.
[26] Ciprandi G, Incorvaia C, Pucinelli P, Scurati S, Frati F. The polismail lesson:
sublingual immunotherapy may be prescribed also in polysensititized patients. Int
J Immunopatho Pharmacol 2010;23:637–40.
[27] Adkinson Jr NF, Eggleston PA, Eney D, Goldstein EO, Schuberth KC, Bacon L, et al. A
controlled trial of immunotherapy for asthma in allergic children. N Engl J Med
1997;336:324–31.
[28] Alvarez-Cuesta E, Aragoneses-Gilsanz E, Martin-Garcia C, Berges-Gimeno P,
Gonzalez-Mancebo E, Cuesta-Herranz J. Immunotherapy with depigmented
glutaraldehyde-polymerized extracts: changes in quality of life. Clin Exp Allergy
2005;35:572–8.
[29] Marogna M, Spadolini I, Massolo A, Zanon P, Berra D, Chiodini E, et al. Effects of
sublingual immunotherapy for multiple or single allergens in polysensitized
patients. Ann Allergy Asthma Immunol 2007;98:274–80.
[30] Ciprandi G, Cadario G, Di Gioacchino, Gangemi MS, Minelli M, Ridolo E, et al.
Allergist attitude in prescribing speciﬁc immunotherapy in polysensitized patients
with rhinitis, with evaluation of the treatment effect. J Biol Reg 2009;23:165–71.
[31] Valenta R, Lidholm J, Niederbeger V, Hayek B, Kraft D, Groenlund H. The
recombinant allergen-based concept of component-resolved diagnosistic and
immunotherapy. Clin Exp Allergy 1999;29:896–904.
[32] Wohrl S, Vigl K, Zehetmayer S, Hiller R, Jarisch R, Prinz M, et al. The performance of a
component-based allergen-microarray in clinical practice. Allergy 2006;61:633–9.
[33] Barber D, de la Torre F, Lombardero M, Antepara I, Colas C, Davila I, et al.
Component-resolved diagnosis of pollen allergy based on skin testing with
proﬁllin, polcalcin and lipid transfer protein pan-allergens. Clin Exp Allergy
2009;39:1764–73.
[34] Knol EF, Knulst AC. Application of multiplexed immunoglobulin E determination on a
chip in component-resolved diagnostics in allergy. Clin Exp Allergy 2010;40:190–2.
[35] Bousquet PJ, Chinn S, Janson C, Kogevinas M, Burney P. European Community
Respiratory Health Survey I. Geographical variation in the prevalence of positive
skin tests to environmental aeroallergenes in the European Community Resiratory
Health Survey I. Allergy 2007;62:301–9.

e79

[36] Esch RE. Grass pollen allergens. Clin Allergy Immunol 1999;12:103–20.
[37] Kazemi-Shirazi L, Niederberger V, Linhart B, Lidholm J, Kraft D, Valenta R.
Recombinant marker allergens: diagnostic gatekeepers for the treatment of
allergy. Int Arch Allergy Immunol 2002;127:259–68.
[38] Kirmaz C, Yuksel H, Bayrak P, Yilmaz O. Symptoms of the olive pollen allergy: do
they really occur only in the pollination season? J Investig Allergol Clin Immunol
2005;15:140–5.
[39] Niederberger V, Pauli G, Gronlund H, Froschl R, Rumpold H, Kraft D, et al.
Recombinant birch pollen allergens (rBet v 1, rBet v 2) contain most of the IgE
epitopes present in birch, alder, hornbeam, hazel, and oak pollen. A quantitative
IgE inhibition study using sera from different populations. J Allergy Clin Immunol
1998;102:579–91.
[40] Ebo DG, Bridts CH, Verweij MM, De Knop KJ, Hagendorens MM, De Clerck LS, et al.
Sensitization proﬁles in birch pollen-allergic patients with and without oral
allergy syndrome to apple: lessons from multiplexed component-resolved allergy
diagnosis. Clin Exp Allergy 2010;40:339–47.
[41] Ventura MT, Gelardi M, Di Gioia R, Buquicchio R, Accettura G, Tummolo RA, et al.
Statistical evaluation and parameters of phlogosis in patients sensitized to
cypress. J Biol Regul Homeost Agents 2007;21:41–8.
[42] Sommer J, Plaschke P, Poulsen LK. Allergic disease — pollen allergy and climate
change. Ugeskr Laeger Oct. 26 2009;171:3184–7.
[43] Ciprandi G, Buscaglia S, Pesce GP, Pronzato C, Ricca V, et al. Minimal persistent
inﬂammation is present at mucosal level in asymptomatic rhinitic patients with
allergy due to mites. J Allergy Clin Immunol 1995;96:971–8.
[44] Heinzerling L, Frew AJ, Bindslev-Jensen C, Bonini S, Bousquet J, Bresciani M, et al.
Standard skin prick testing and sensitization to inhalant allergens across Europe —
a survey from the GALEN network. Allergy 2005;60:1287–300.
[45] Keil T, Kulig M, Simpson A, Custovic A, Wickman M, Kull I, et al. European birth
cohort studies on asthma and atopic diseases: I. Comparison of study designs — a
GALEN initiative. Allergy 2006 Feb;61:221–8.
[46] Heinzerling L, Burbach G, van Cauwenberge P, Papageorgiou P, Carlsen KH, Lødrup
Carlsen KC, et al. Establishing a standardized quality management system for the
European Health Network GA2LEN. Allergy 2010;65:743–52.
[47] Bousquet J, Burney PG, Zuberbier T, Cauwenberge PV, Akdis CA, Bindslev-Jensen C,
et al. GA2LEN (Global Allergy and Asthma European Network) addresses the
allergy and asthma ‘epidemic’. Allergy 2009;64:969–77.
[48] Bousquet J, Anto JM, Bachert C, Bousquet PJ, Colombo P, Crameri R, et al. Factors
responsible for differences between asymptomatic subjects and patients presenting an IgE sensitization to allergens. A GA2LEN project. Allergy 2006;61:671–80.
[49] Barber D, de la Torre F, Lombardero M, Antépara I, Colas C, Dávila I, et al.
Component-resolved diagnosis of pollen allergy based on skin testing with
proﬁlin, polcalcin and lipid transfer protein pan-allergens. Clin Exp Allergy 2009
Nov;39:1764–73.

