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Abstract

Background: Component-resolved diagnosis (CRD) allows to identify single molecular allergen components, and
constitutes a routine practice in many allergy units. However, skin prick test (SPT) remains the technique of choice in
many otorhinolaryngology departments, thus increasing the risk of using inadequate immunotherapies in patients
with respiratory allergies. This study aimed to compare sensitization profiles determined by SPT and CRD in patients
with respiratory allergy, and to explore the relationship between sensitization and type and severity of the respiratory
disease.

Methods: Cross-sectional, multicenter study of patients admitted to the Otorhinolaryngology Department due
to symptoms of respiratory allergy. Extracts from various house dust mites, pollens, and molds were tested by SPT,
whereas IgE against the corresponding antigens were measured by CRD.

Results: The analysis included 101 patients. The sensitization profile obtained by SPT had low agreement with that of
CRD, particularly to dust mite allergens (Dermatophagoides sp.) and pollens (Plantago lanceolata, Olea europaea, and
Cupressus sempervirens). While SPT did not show any significant relationship between sensitization and type/severity
of the respiratory disease, CRD allowed to associate Der p 1, Der f 1 and Lep d 2 sensitizations with asthma, and Der p
2, Der f 2 and Lep d 2 sensitizations with more severe symptoms of allergic rhinitis.

Conclusions: Compared with SPT, CRD enables to describe a more accurate sensitization profile and to identify
associations between symptoms and specific antigens. The routine use of CRD in an otorhinolaryngology setting may
benefit the management of patients with respiratory allergy.
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Background

Respiratory allergies, particularly allergic rhinitis and
asthma, are amongst the most common allergies in
industrialized areas. They constitute a major public
health and economic problem worldwide because of their
prevalence, morbidity, and impact on quality of life [1-3].
Of all allergens that can elicit respiratory allergic reac-
tions, grass pollen and house dust mites have been identi-
fied as the most prevalent [4, 5]. However, many patients
are sensitized to various allergic sources, either as a result
of multiple allergic responses or due to the presence of
cross-reactants or panallergens [6]. This phenomenon
often hinders the correct identification of the allergen
source, which may ultimately lead to an inadequate diag-
nosis or treatment of the allergic disease [7-9].

The diagnosis of allergic diseases has been tradition-
ally based on patient anamnesis, supported by skin prick
test (SPT) and/or the identification of serum IgE in whole
allergen extracts. Both methods are suitable for detecting
reactivity against allergen extracts but fail to identify the
specific disease-eliciting molecules. The development of
the component-resolved diagnosis (CRD), also known as
molecular diagnosis, has allowed to identify single molec-
ular allergen components responsible for sensitization
[10]. This feature, which allows to distinguish symptom-
eliciting allergens from those attributable to cross-reac-
tivity, has become particularly relevant since the advent
of allergen-specific immunotherapy [10-12]. While CRD
has been increasingly established as routine practice in
many allergy units, SPT remains the technique of choice
in many otorhinolaryngology departments because of its
lower cost, thus increasing the risk of using inadequate
immunotherapies in patients with respiratory allergies [7,
13].

Subjects living in areas with high allergy burden (e.g.,
Mediterranean countries) are more prone to sensitiza-
tions to minor allergens; therefore, these areas often
show a higher prevalence of polysensitized patients. In
this scenario, the identification of disease-eliciting mol-
ecules provided by CRD becomes even more relevant
in terms of using accurate immunotherapies. In this
cross-sectional study, we compared sensitization profiles
determined by SPT and CRD in patients with respiratory
allergy from a Mediterranean area and explored the rela-
tionship between sensitization and type and severity of
the respiratory disease.

Methods

Study design and patients

This was a cross-sectional study of consecutive patients
admitted to the otorhinolaryngology department of three
hospitals in the Balearic Islands (Spain) due to symptoms
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of respiratory allergy between October 2012 and Novem-
ber 2013. The inclusion was restricted to patients of both
sexes, aged between 7 and 60 years, who had been liv-
ing in the same area for at least 5 years, had experienced
symptoms of a respiratory allergic disease (i.e., rhinitis,
asthma or both) for at least 2 years and had a positive
reaction to an allergen as determined by SPT. Patients
who received immunotherapy within 5 years prior to
admission or who had no diagnostic tests performed
were excluded from the dataset.

Variables and endpoints

Demographic and clinical characteristics included age,
sex, time from symptoms onset to diagnosis, type of res-
piratory allergic disease (rhinitis, asthma or rhinitis with
concomitant asthma), frequency of symptoms (peren-
nial or seasonal), and severity of the allergic disease,
which was rated as mild or moderate-to-severe, based
on the Spanish guidelines on the management of asthma
(GEMA) [14, 15] and allergic rhinitis with impact on
asthma (ARIA) [16]. Other clinical data included con-
comitant food allergies, and personal and/or family his-
tory of allergy. Allergen sensitization was determined
using both SPT and CRD. Patients sensitized to more
than one extract (SPT) or to specific IgE of more than
one species (CRD) were considered polysensitized.

Skin prick test, performed according to the European
Academy of Allergy and Clinical Immunology guide-
lines [17], was considered positive if wheals and flares
were observed within 15 min, and wheal mean diam-
eter was >3 mm. The following extracts were tested by
SPT: House dust mites Dermatophagoides pteronyssinus,
Dermatophagoides farinae, and Lepidoglyphus destruc-
tor; pollens Olea europaea, Artemisia vulgaris, Plantago
lanceolata, Platanus hispanica, Parietaria judaica, Sal-
sola kali, Cupressus sempervirens, and grass mixture;
molds Alternaria alternata. Panallergen profilins, pol-
calcins, non-specific lipid transfer proteins (nsLTPs), and
tropomyosins were also analyzed. Histamine and saline
solution were used as positive and negative controls,
respectively. Allergen extracts were provided by ALK-
Abello, S.A. (Madrid, Spain).

Allergen-specific IgE was quantified using chemilu-
minescent acridinium on the ADVIA Centaur platform
(Bayer HealthCare LLC, Diagnostics Division, Tarry-
town, NY, USA) as described by Petersen et al. [18]. CRD
was considered positive when binding values exceeded
0.35 kU/L. The CRD analysis screened the presence of
specific IgE against the following molecules: Der p 1 and
2,Derfland 2,and Lepd2; Oleeland 9, Artv 1, Plal
1,Phlp1and5,Plaaland2, Parj2,Sal k1, Cups L;Alt
a1;Phod 2, Chea 3, Prup 3, Der p 10, and Pen a 1.
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Statistics

Quantitative variables are described as mean and
standard deviation (SD) or as median and interquar-
tile range (IQR), whereas categorical variables are
presented as frequencies and percentages. Differences
between groups (according to type and severity of the
disease, frequency of symptoms, diagnostic method)
were analyzed using the Fisher exact test or the non-
parametric Wilcoxon test. Concordance between SPT
and CRD methods was assessed by Cohen’s kappa coef-
ficient (k). Associations between demographic and clin-
ical factors and the most prevalent sensitizations were
determined by logistic regression analyses, with age,
time from onset of symptoms to diagnosis, type and
severity of the disease and concomitant food allergies
as the independent variables. The threshold for statis-
tical significance was established at a two-sided alpha
value of 0.05. All statistical analyses were performed
using the SAS 9.3 software.

Results

Characteristics of study patients

The analysis included 101 patients, whose demographic
and clinical characteristics are summarized in Table 1.
Time from onset of respiratory symptoms to diagnosis
ranged from 1 to 30 years, with no differences regarding
the frequency of symptoms: the mean (SD) for patients
with perennial and seasonal symptoms was 7.7 (6.6)
and 10.6 (8.0) years, respectively (p =0.092). The most
common allergic disease was rhinitis alone, followed by
rhinitis with asthma. Asthma alone was present only in
two patients (2%); therefore, for subsequent analyses,
these patients were included in a group encompassing
all patients with asthma, either alone or with concomi-
tant rhinitis.

Sensitization profile

Table 2 shows the sensitization profiles obtained with
each diagnostic method. Most prevalent sensitizations,
present in more than 20% of patients, were to D. pter-
onyssinus (Der p 1 and 2), D. farinae (Der f 1 and 2),
L. destructor (Lep d 2), Olea europaea (Ole e 1), and
Phleum pratense (Phl p 1) allergens. The percentage of
sensitized patients was significantly higher with SPT
than CRD for Der p 1 and 2, Der f 1 and 2, Lep d 2, Ole
el,Plal1, and Sal k 1. However, Alt a 1 and Pru p 3
showed a lower percentage of sensitized subjects when
SPT was used compared with CRD. Overall, 91 (93.8%)
and 72 (79.1%) patients were polysensitized according
to SPT and CRD tests, respectively. The results regard-
ing the quantitative determination of allergen-specific
IgE are summarized in Additional file 1: Table S1.
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Table 1 Baseline characteristics of study patients (N=101)

Demographic characteristics

Age (years), mean (SD) 28.0(14.6)
Age groups, No. (%)
Children (< 14 years) 28 (27.7)
Adults (> 14 years) 73(72.3)
Gender, No. (%)
Female 48 (47.5)
Male 53(52.5)
Clinical characteristics
Time from onset of symptoms to diagnosis (years), mean 86(7.1)
(SD)
Frequency of symptoms, No. (%)
Perennial 69 (68.3)
Seasonal 32(31.7)
Respiratory allergic disease®, No. (%)
Rhinitis 74 (74.7)
Asthma 2 (2.0)
Rhinitis and asthma 23(232)
Severity of rhinitis, No. (%)
Mild intermittent 28 (29.5)
Mild persistent 31(326)
Moderate-severe intermittent 7(7.4)
Moderate-severe persistent 29 (30.5)
Severity of asthma, No. (%)
Mild intermittent 14 (56.0)
Mild persistent 4(16.0)
Moderate intermittent 0(0.0)
Moderate persistent 7(28.0)
Food allergy, No. (%) 7 (6.9)
History of previous allergy, No. (%) 9(9.0)
Family history of allergy, No. (%) 41 (41.0)

@ Calculated over 99 patients

Cohen’s kappa of SPT vs. CRD for allergens with signif-
icant differences in the sensitization profile revealed low
agreement between both diagnosis methods: k=0.12
(95% CI —0.10, 0.35) for D. pteronyssinus vs. Der p 1 and
2; k=—0.05 (95% CI —0.12, 0.01) for D. farinae vs. Der f
1 and 2;k=0.05 (95% CI —0.08, 0.19) for L. destructor vs.
Lep d 2; k=—0.01 (95% CI —0.20, 0.17) for O. europaea
vs. Ole e 1 and 9; and k=0.07 (95% CI —0.09, 0.23) for P
lanceolata vs. Pla11 and 2. Cohen’s kappa could not be
determined for Sal k 1 and Alta 1.

Association between allergens and diseases

Table 3 summarizes the association between allergen
sensitizations and type of respiratory allergic disease.
SPT did not reveal significant associations, except for
the extract of P lanceolata, the sensitization to which
was more frequent in patients with rhinitis than those
with asthma (with or without concomitant rhinitis). On
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Table 2 Profile of sensitization regarding the diagnostic
method, No (%)

SPT CRD p
House dust mites
Dermatophagoides pteronyssinus 69 (68.3) 0.031
Derp 1 44 (44.4)
Derp?2 53(53.5)
Derp 1or2 58 (58.6)
Dermatophagoides farinae 70 (69.3) 0.021
Derf1 41 (414)
Derf 2 52(52.5)
Derf1or2 59 (59.6)
Lepidoglyphus destructor 42 (41.6) <0.001
Llepd?2 21(212)
Pollens
Olea europaea 57 (56.4) 0.019
Olee 43 (44.3)
Olee9 2(2.0)
Artemisia vulgaris 8(7.9) 1.000
Artv 1 99.2)
Plantago lanceolata 25 (24.8) <0.001
Plal1 5.1
Mixture of grasses 45 (44.6) 0302
Phip 1 34 (34.3)
Phlp 5 12(12.1)
Phlp 1or5 38(384)
Platanus hispanica 9(8.9) 0.754
Plaa1+2 6 (6.1)
Parietaria judaica 18 (17.8) 0.754
Parj2 16 (16.3)
Salsola kali 10 (9.9) 0.039
Salk1 3(3.0)
Cupressus sempervirens 15(14.9) 0.125
Cups1 9(9.2)
Molds
Alternaria alternata 12(11.9) 0.039
Alta1l 18(18.2)
Panallergens
Profilins 3(3.0) 0.500
Phod2 1(1.0)
Polcalcins 5(5.0) 0.125
Chea3s 1(1.0)
LTPs 4(4.0) 0.031
Prup3 10 (10.1)
Tropomyosins NA NA
Derp 10 3(3.0)
Pena 4(4.0)

p values in italics correspond to significant differences at a bilateral alpha value
of 0.05

CRD component-resolved diagnostics, LTPs lipid transfer proteins, NA not
available, SPT skin prick test

Page 4 of 9

the other hand, sensitization to house dust mite allergens
Der p 1, Der f 1 and Lep d 2 were significantly more fre-
quent in patients with asthma (with or without concomi-
tant rhinitis) compared to patients with rhinitis alone
(Table 3).

When analyzing disease severity regarding sensitiza-
tion to specific molecules, sensitization to Der p 2, Der f
2, and Lep d 2 appeared to be associated with moderate-
to-severe rhinitis (Table 4). This trend was not observed
in the corresponding primary antigens of Dermatopha-
goides sp. Der p 1 and Der f 1.

Demographic and clinical factors influencing sensitization
The results of the multivariate analysis to predict sen-
sitization to each of the most prevalent antigens based
on clinical and demographic characteristics are summa-
rized in Table 5. The analysis failed to yield a multivariate
model to predict sensitization to plant antigens Ole e 1
and Phl p 1. On the other hand, either the type or sever-
ity of the disease significantly contributed to sensitization
toall house dust mite allergens included in the analysis
(Table 5).

Discussion

In this cross-sectional study, we found that the sensitiza-
tion profile of patients with respiratory allergy obtained
by the traditional SPT has low agreement with that of
CRD, particularly to dust mite allergens and pollens, such
as P lanceolata, O. europaea, and C. sempervirens. Fur-
thermore, whereas SPT failed to reflect a significant rela-
tionship between sensitization and type/severity of the
respiratory disease, CRD allowed to identify Der p 1, Der
f1 and Lep d 2 as antigens more frequently associated
with asthma, and Der p 2, Der f 2 and Lep d 2 as antigens
associated with more severe symptoms in patients with
allergic rhinitis.

The low agreement between SPT and CRD observed
in our analysis is consistent with that reported by previ-
ous authors [19, 20]. One of the major consequences of
inconsistency in sensitization profiles is the inaccurate
prescription of immunotherapy for patients with res-
piratory symptoms. In this regard, some authors have
observed that the choice of immunotherapy may vary in
about 55% of cases after comparing SPT and CRD sensi-
tization profiles [7, 13] and that respondent rates increase
when immunotherapy is used based on CRD results [9].
In this study, the number of sensitizations diagnosed by
CRD was generally lower than those identified by SPT,
being P. lanceolata the allergen that showed the greater
difference (prevalence was 80% lower with CRD than
with SPT). This finding was in line with that reported
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Table 3 Associations between allergens and disease diagnosed by SPT and CRD
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SPT CRD
Asthma?® (N=25) Rhinitis (N=74) p Asthma® (N=25) Rhinitis (N=74) p
House dust mites
Dermatophagoides pteronyssinus 19 (95.0) 49 (94.2) 1.000
Derp 1 15(65.2) 28(37.8) 0.037
Derp2 16 (69.6) 36 (48.6) 0.118
Dermatophagoides farinae 19 (100.0) 50 (96.2) 1.000
Derf1 15(65.2) 25(33.8) 0.010
Derf 2 15 ( ) 36 (48.6) 0.232
Lepidoglyphus destructor 14 (100) 27 (87.1) 0.294
lepd2 10 (43.5) 10 (13.5) 0.004
Pollens
Olea europaea 17 (94.4) 38(92.7) 1.000
Olee1 13 (59.1) 28 (38.4) 0.106
Olee9 1(4.4) 1(1.4) 0.420
Artemisia vulgaris 1(50.0) 7(77.8) 0.491
Artv 1 1(4.4) 8(11.0) 0.710
Plantago lanceolata 4(57.1) 21(95.5) 0.034
Plall 0(0.0) 5(6.8) 0.607
Phleum pratense 12(92.3) 32(100) 0.289
Phlip 1 8(34.8) 25(33.8) 0.871
Phlp5 1(4.4) 11 (14.9) 0374
Platanus hispanica 4(100.0) 5(83.3) 1.000
Plaa142 1(4.4) 4(5.4) 1.000
Parietaria judaica 3(100.0) 15(93.8) 1.000
Parj2 4(174) 12 (164) 1.000
Salsola kali 1(100.0) 9 (100.0) -
Sal k1 0(0.0) 3(4.1) 1.000
Cupressus sempervirens 4(100.0) 11(91.7) 1.000
Cups1 209.1) 7(9.5) 1.000
Molds
Alternaria alternata 3(100.0) 9 (100.0) -
Alta1l 3(13.0) 15(20.3) 0.801
Panallergens
Profilins
Phod2 2 (66.7) 1(33.3) 1.000
Polcalcins
Chea3 0(0.0) 5(83.3) 0.286
LTPs
Prup3 1(50.0) 3(100.0) 0400
Tropomyosins
Derp 10 1(4.5) 2(27) 0.041
Penal 144 4.1) 1.000

p values in italics correspond to significant differences at a bilateral alpha value of 0.05

Positive sensitizations. No. (%)

CRD component-resolved diagnostics, LTPs lipid transfer proteins, NA not available, SPT skin prick test
@ With or without concomitant rhinitis



Til-Pérez et al. Clin Mol Allergy (2019) 17:8 Page 6 of 9
Table 4 Associations between allergens and severity disease diagnosed by component-resolved diagnostics
Asthma?® Rhinitis
Mild (N=18) Moderate-severe Mild (N =59) Moderate-severe p
(N=7) (N=36)
House dust mites
Derp1 11 (68.8) 4(57.1) 0.657 25 (43.1) 17 (47.2) 0.831
Derp?2 12(75.0) 4(57.1) 0.626 25(43.1) 26(72.2) 0.010
Derf1 11 (68.8) 4(57.1) 0.657 23(39.7) 16 (44.4) 0.672
Derf2 12 (75.0) 3(42.9) 0.182 25(43.0) 25 (69.4) 0.019
Llepd?2 7(43.8) 3(429) 1.000 7(12.1) 12 (33.3) 0.018
Pollens
Olee1 9 (60.0) 4(57.1) 1.000 25(43.1) 14(41.2) 1.000
Olee9 1(6.3) 0(0.0) 1.000 1(1.7) 1(2.8) 1.000
Artv 1 1(6.3) 0(0.0) 1.000 5(838) 4(11.0) 0.731
Plal1 0(0.0) 0(0.0) 2(34) 3(83) 0.368
Phlip 1 7(43.8) 1(14.3) 0.345 17 (29.3) 16 (44.4) 0.183
Phlip5 1(6.3) 0(0.0) 1.000 6(10.3) 5(13.9) 0.744
Plaal+42 0(0.0) 1(14.3) 0.304 4(6.9) 1(2.8) 0.646
Parj2 2(12.5) 2(286) 0.557 8(14) 7(194) 0.567
Salk1 0(0.0) 0(0.0) 1(1.7) 2(5.6) 0.556
Cups1 1(6.3) 1(16.7) 0480 6(10.5) 3(83) 1.000
Molds
Altal 2(125) 1(14.3) 1.000 9(15.5) 9(25.0) 0.289
Panallergens
Phod?2
Chea3
Prup3
Derp 10 0(0.0) 1(16.7) 0273 0(0.0) 2 (5. 0.147
Penal 1(6.3) 0(0.0) 1.000 2(34) 2(57 0.630

p values in italics correspond to significant differences at a bilateral alpha value of 0.05

Positive sensitizations, No. (%)

@ With or without concomitant rhinitis

by Orovitg et al. [20]. and confirms Pla 1 1 as a minor
allergen eliciting respiratory allergic diseases in Medi-
terranean areas. Although this significant difference in
sensitization to P lanceolata could be attributed to the
presence of panallergens (e.g., profilin), the small number
of patients sensitized to panallergens in our study pre-
vented further analyses in this regard. Other pollens with
a strong presence in Mediterranean areas, such as Olea
sp. [21], followed the same trend, albeit in a lesser extent.
Of note, the differences between SPT and CRD for Olea
sp. pollens found in our cohort were similar than those
reported by previous authors in areas with higher preva-
lence of these pollens [20, 22]. Unlike plant antigens, the
proportion of patients sensitized to LTPs (Pru p 3) and A.
alternata were higher with CRD than SPT. Although our
analysis does not allow us to draw strong conclusions in
this regard, the cross-reactivity described for Art v 3 and
Pru p 3 may have contributed to this observation [20].

The association between sensitization to specific aller-
gens and the occurrence of respiratory diseases such
as asthma and rhinitis has motivated the use of immu-
notherapy in those patients [23, 24]. In fact, allergen-
specific immunotherapy is currently the only causal
treatment for allergic rhinitis that can reduce its symp-
toms and the need for medical therapies [25]. However,
in routine clinical practice, these therapies are often
based on SPT diagnoses, assuming sensitization to main
allergens. In our cohort, sensitization profiles determined
by SPT did not reveal significant a relationship between
sensitization and either the type of respiratory allergy or
symptom severity. Conversely, CRD allowed to associate
sensitizations to Der p 1, Der f 1 and Lep d 2 with asthma
(with or without concomitant rhinitis), and sensitizations
to Der p 2, Der f 2 and Lep d 2 with moderate-to-severe
diseases in patients with rhinitis. Consistently with this
finding, the multivariate analysis showed that the type of
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disease significantly contributed to sensitization to group
1 (Der p 1 and Der f 1) house dust mite allergens, whereas
the severity of the disease significantly influenced sensiti-
zation to group 2 (Der p 2 and Der f 2) house dust mite
allergens; sensitization to Lep d 2 was associated with
both the type and severity of the disease. Similar relation-
ships have been reported between various pollens and
the type of respiratory disease [22, 26, 27]; however, to
our knowledge, this is the first study showing a relation-
ship between disease type/severity and house dust mite
allergens. Although evidence regarding these specific
relationships is still weak, consistent findings that specific
antigens are associated with clinical characteristics of the
respiratory disease strengthen the importance of using
CRD to assess the sensitization profile of patients with
respiratory allergy.

The main limitation of our study was its cross-sectional
design, which restricted data collection to a particu-
lar period of the year for each patient, thus losing sight
of changes in sensitization profiles caused by variations
in antigen prevalence throughout the seasons. Although
most patients in our cohort had perennial symptoms
(and, therefore, were expected to show consistent sen-
sitization profiles throughout the year), sensitization to
pollens has a high seasonal variability in our area [21].
Another limitation of our results was the low prevalence
of panallergens found in our study cohort. The presence
of these allergens, which is commonly higher in other
studies [20, 22, 27], has been considered a key benefit of
CRD and may increase the differences between the two
types of diagnosis.

Conclusions

Our results emphasize the limitations of SPT to deter-
mine sensitization profiles of patients with respiratory
allergy in an otorhinolaryngology setting. Although the
relationship between symptoms and specific antigens is
still poorly understood, the ability of CRD to depict more
accurate sensitization profiles and identify candidates
to symptom-triggering antigens indicates that the rou-
tine use of CRD in this setting may provide remarkable
benefits for the management of patients with respiratory
allergy. The assessment of the cost-effectiveness of this
approach in future studies is warranted.

Additional file

Additional file 1: Table S1. Quantitative determination of allergen-
specific IgE.
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