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Summary
Background: Confirmation of the clinical relevance of sensitisation is important for 
the diagnosis of allergic rhinitis.
Objective: To investigate the usefulness of an in vitro basophil activation test and 
component-resolved diagnosis in distinguishing between symptomatic allergic rhinitis 
patients and asymptomatic sensitization to house dust mites (HDMs).
Methods: Thirty-six subjects with a positive skin prick test (SPT) for HDM were di-
vided into a symptomatic (n = 17) and an asymptomatic (n = 19) group on the basis of 
their clinical history and a nasal provocation test. A basophil CD63 response to in 
vitro stimulation with Dermatophagoides pteronyssinus whole allergen extract and the 
IgE reactivity profiles for Der p 1, 2, 4, 5, 7, 10, 11, 14, 15, 18, 21, 23 were evaluated. 
Serum IgE and IgG specific to D pteronyssinus whole allergen extract and total IgE 
were measured.
Results: There were no statistically significant differences in the levels of IgE (IgE 
levels were higher in symptomatic patients with P = 0.055) and IgG specific to D ptero-
nyssinus and total IgE. Symptomatic patients showed a lower threshold for in vitro 
basophil activation (3.33 ng/mL vs 33.3 ng/mL), a higher area under the curve (AUC) 
of basophil activation (171 vs 127) (P = 0.017), a higher response to positive control 
with anti-FcεRI stimulation (97% vs 79%) (P < 0.001), a recognition of more HDM al-
lergens (4 vs 2) and more frequent sensitization to rDer p 7 (P = 0.016) and rDer p 23 
compared to asymptomatic subjects (P = 0.018). There was a positive correlation 
(r = 0.63; P < 0.001) between the number of recognized allergens and the AUC of 
basophil activation.
Conclusion and Clinical Relevance: In the subjects studied, the differences in the 
basophil response to D pteronyssinus allergen extract, number of recognized HDM 
allergens and reactivity to rDer p 7 and rDer p 23 distinguish symptomatic from 
asymptomatic HDM sensitisation better than SPT or allergen extract-specific IgE. 
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1  | INTRODUC TION

The majority of patients with allergic rhinitis world-wide suffer from 
house dust mite (HDM) allergy.1 In Europe, the mean prevalence of 
sensitization to Dermatophagoides pteronyssinus is 21.7%.2 However, 
45% of subjects with a positive skin prick test (SPT) and/or posi-
tive level of serum sIgE for D pteronyssinus in a community-based 
population study did not report any allergic rhinitis (AR) symptoms.3 
The diagnosis of HDM-allergic rhinitis consists of a medical history 
confirmed with positive SPT and/or sIgE. Patients who are allergic 
to indoor allergens may predominantly suffer from chronic obstruc-
tion with a discharge that is primarily post-nasal.4 A similar medical 
history is also typical for non-allergic rhinitis.5 SPTs are performed 
with standardized batteries of allergen extracts that include HDM 
extracts. We are therefore often faced with positive SPT results of 
unknown clinical significance. Neither the size of SPT nor the con-
centration of sIgE antibodies provides direct information regarding 
the likelihood of rhinitis and/or asthma symptoms upon allergen ex-
posure.6,7 Asymptomatic sensitization is a significant risk factor for 
the later development of allergic rhinitis, but many cases of asymp-
tomatic sensitization remain unexplained.8 Confirming the clinical 
significance of sensitization is crucial because allergen immunother-
apy is an effective treatment for chronic rhinitis and/or asthma only 
in patients with clinically relevant IgE sensitization.9 An objective 
evaluation of the impact of IgE sensitization would also be important 
to guide anti-IgE therapy in severe asthma cases.

Nasal provocation tests (NPTs) can be used as a diagnostic con-
firmation of HDM-allergic rhinitis when discrepancies arise between 
patient medical histories and the results of SPT and/or serological 
tests.10 However, a NPT is not always feasible in clinical practice 
because the test is time-consuming, demands patient cooperation 
and requires specially trained personnel and the presence of a phy-
sician. No universally accepted NPT method is available.11 Basophil 
activation tests have proven useful for evaluating asymptomatic 
sensitization to grass pollen.12 It is now also possible to determine 
the IgE antibody pattern to individual allergen components using 
component-resolved diagnosis (CRD)13 to study molecular reactiv-
ity profiles.14 Moreover, it has been shown that measurement of 
allergen-specific IgE levels with recombinant allergens is superior to 
allergen extracts.15 In vitro experiments have also shown that the 
composition and complexity of the allergen-specific IgE repertoire 
determine the efficiency of basophil activation.16

The aim of our study was to establish whether novel approaches, 
including in vitro basophil activation with a whole dose-response 

curve to assess basophil sensitivity and IgE reactivity to a broad panel 
of natural and recombinant allergen components, may aid in the dif-
ferentiation between symptomatic AR and asymptomatic HDM 
sensitization. We performed basophil activation tests (BATs) with 
D pteronyssinus whole allergen extract and evaluated IgE reactivity 
for a broad panel of purified D pteronyssinus allergens (nDer p 1, rDer 
p 2, rDer p 4, rDer p 5, rDer p 7, rDer p 10, rDer p 11, rDer p 14, rDer p 
15, rDer p 18, rDer p 21 and rDer p 23). Total IgE and D pteronyssinus-
specific IgE and IgG in the serum were measured. Subjects were 
included on the basis of a clinical history and positive SPT to D ptero-
nyssinus and/or Dermatophagoides farinae. For all subjects, the history 
was supplemented with a questionnaire, and the clinical relevance of 
sensitization was defined using a NPT with a HDM allergen extract.

2  | METHODS

2.1 | Study participants

Subjects who were skin prick tested with a standard panel of inhalant 
allergens at the University Clinic for Respiratory and Allergic Diseases 
were screened for this study. Two hundred and eighty-eight subjects 
who tested positive for D pteronyssinus and/or D farinae allergy were 
identified. One hundred and eighteen of the 288 subjects had a di-
agnosis of allergic rhinitis (AR), 53 had a diagnosis of asthma, 21 had 
a diagnosis of dermatitis, 17 had a diagnosis of urticaria, and for 79 
subjects, no diagnosis of allergic disease was recorded. Subjects diag-
nosed with AR were considered for inclusion in the group of sympto-
matic patients, and subjects without allergic diseases were considered 
for inclusion in the asymptomatic group. The exclusion criteria for the 
study were dermatitis, urticaria, asthma without rhinitis, a history of 
allergen-specific immunotherapy, anatomic abnormalities of the nasal 
cavity, acute inflammation of nasal and paranasal cavities and preg-
nancy.17 Forty eligible subjects responded to an invitation to be in-
cluded in the study. To exclude potential mistakes in SPT performance 
or other reasons for false positivity (such as dermographism), SPTs 
were repeated at the start of the study, and sensitization was con-
firmed in all enrolled subjects. Subjects were divided into symptomatic 
and asymptomatic groups on the basis of a past medical history of AR 
documented at the referral for allergy testing. To further confirm the 
group allocation, subjects responded to an allergic rhinitis (AR) ques-
tionnaire (according to Allergic Rhinitis and its Impact on Asthma 
(ARIA) guidelines)18 and a NPT test was performed.

From 18 symptomatic patients who had a positive retrospec-
tive history for AR, AR was confirmed using an AR questionnaire 

Information regarding the clinical relevance of sensitization is important for the pre-
scription of allergen-specific immunotherapy.
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for all patients. One patient was excluded because of a negative 
NPT, whereas the remaining patients had a positive NPT. Four 
symptomatic patients also had a history of asthma but had no his-
tory of other allergic disease. Among 22 asymptomatic subjects 
who had a negative retrospective history for AR and no other aller-
gic disease, two subjects were excluded because of a positive AR 
questionnaire (the remainder had a negative AR questionnaire), and 
one subject was excluded because of a positive NPT (the remain-
der had a negative NPT). Fifteen control subjects without rhinitis 
symptoms, no other allergic disease and with a negative SPT for 
D pteronyssinus, D farinae and negative HDM NPT were selected 
among students and medical personnel. Two subjects screened for 
the control group were excluded because of asymptomatic sen-
sitizations to other allergens. The exact flow chart of the study 
subjects is presented in Figure 1. Demographical, serological and 
clinical data are presented in Table 1.

The study protocol was approved by the Slovenian National 
Medical Ethics Committee (158/10/11).

2.2 | Skin prick testing

We performed SPT using a standard panel of inhalant al-
lergens (Stallergenes, Antony, France) according to GA2LEN 
recommendations.19

2.3 | Nasal provocation tests

Nasal provocation tests (NPTs) were performed as previously de-
scribed.12 Briefly, a nebulizer and a HDM allergen extract for NPT 
were used (Stallergene, Antony, France). NPTs were evaluated using 
a symptom score.20 To evaluate non-specific reactivity, we sprayed 
two 50 μL puffs of saline into the nostril after deep inspiration. After 
15 minutes, we assessed reactivity with a symptom score by rating 
sneezing, rhinorrhoea and stuffiness (each up to 3 points); itching of 
the nose and/or ears (up to 2 points); and itching or erythema of the 
eye (1 point). The maximum total score was 12 points.20 The provo-
cation with saline was considered positive if the sum of symptoms 
was 3 points or greater. If the symptom score sum was negative, 
we continued testing with increasing concentrations (0.1 IR, 1 IR, 
10 IR and 100 IR) of HDM allergen. Two puffs (50 μL) of the lowest 
concentration were administered in full inspiration into the nostril. 
After 15 minutes, we determined the number of points obtained 
using the symptom score. The test was considered positive if the 
sum of the symptom score was 5 points or more.20,21 If the NPT was 
negative, we continued provocation with a higher concentration of 
allergen. Otherwise, the provocation was completed.

2.4 | Basophil activation test

Basophil CD63 activation tests were performed as previously 
described in detail.22 Briefly, whole blood samples were stimu-
lated with D pteronyssinus allergen extract containing a final con-
centration of 0.333, 3.33, 33.3 or 333 ng/mL of allergen (Buhlmann 

Laboratories, Schönenbuch, Switzerland); 0.55 μg/mL of anti-FcεRI 
mAb (Buhlmann Laboratories); or 2 μmol/L /mL l-formyl-l-methionyl-
l-leucyl-l-phenylalanine (fMLP; Sigma-Aldrich, St. Louis, MO, USA) 
or stimulation buffer alone (containing 3 ng/mL of IL-3; Buhlmann 
Laboratories). The differences in basophil allergen-specific response 
were evaluated by comparing basophil CD63 responses at different 
concentrations,22 and the cut-off value for positive results was set at 
15%, which corresponded with previous results.23 To evaluate aller-
gen basophil sensitivity, the area under the curve (AUC) of the baso-
phil response to stimulation with increasing concentrations of allergen 
was calculated.24 In addition, we also calculated and compared mean 
CD63 responses at three upper allergen concentrations (3.33, 33.3 
and 333 ng/mL) as reduced for basal CD63 response and the percent-
age (%) of the allergen CD63 responses relative to the anti-FcεRI mAb 
responses.

2.5 | Specific immunoglobulin E, total 
immunoglobulin E and specific immunoglobulin G 
measurements

The levels of sIgE to D pteronyssinus and total IgE and sIgG to D pteron-
yssinus were quantified using the CAP FEIA system (Phadia, Uppsala, 
Sweden). Specific IgE levels equal to or greater than 0.35 kU/L were 
considered positive. The amount of disease-relevant antibodies was 
defined and calculated as the ratio of sIgE to D pteronyssinus (kU/L) 
relative to total IgE (kU/L), as previously described.25

2.6 | Natural and recombinant HDM allergens

Natural Der p 1 was purified from spent mite medium by affinity 
chromatography using the monoclonal antibody 4C1.26 Recombinant 
Der p 2, Der p 4, Der p 11, Der p 14, Der p 15 and Der p 18 were 
expressed as hexa-histidine-tagged proteins in the inclusion body 
fraction of Escherichia coli extracts and purified by nickel affinity 
chromatography.27 Recombinant Der p 5, Der p 7, Der p 10, Der p 
21 and Der p 23 were expressed in E coli as soluble non-fusion pro-
teins using the pET17 expression system and purified as previously 
described.28-31

2.7 | Non-denaturing IgE dot blot experiments

Sera were tested for the presence of HDM allergen-specific IgE an-
tibodies in a radioallergosorbent test-based non-denaturing dot blot 
assay. Two-microlitre aliquots of natural Der p 1, rDer p 2, rDer p 
4, rDer p 5, rDer p 7, rDer p 10, rDer p 11, rDer p 14, rDer p 15, 
rDer p 18, rDer p 21, rDer p 23 and BSA as a control (0.5 μg/dot) 
were dotted onto nitrocellulose strips (Schleicher & Schuell, Dassel, 
Germany). After blocking with buffer B [50 mol/L sodium phosphate 
pH 7.4, 0.5% (v/v) Tween-20, 0.5% (w/v) BSA and 0.05% (w/v) sodium 
azide], the membranes were incubated with sera from symptomatic 
and asymptomatic subjects as well as those from control subjects 
and, for control purposes, with serum from a non-allergic individual 
in a dilution of 1:10 overnight at 4°C. Bound IgE antibodies were 
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detected with 125I-labelled anti-human IgE antibodies (Demeditec 
Diagnostics, Kiel, Germany) and visualized by autoradiography.32

2.8 | Statistical analysis

The distribution of data was calculated using the D'Agostino-Pearson 
normality test. According to the distribution of the data, we used an 
unpaired t test or a Mann-Whitney U test. Fisher's exact test was used 
to assess the frequencies of natural and recombinant HDM allergens. 
Spearman's rank correlation coefficient (r) was used to calculate the 
correlation between recognized IgE allergens and the AUC. The per-
formance of allergy tests was examined against the allergic status to 
HDM using receiver-operating characteristic (ROC) curve analyses. A 

probability value (P) of <0.05 was accepted as significant. The data are 
presented as the median and the ranges. Analyses were performed 
using GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA).

3  | RESULTS

3.1 | Symptomatic patients and asymptomatic 
subjects do not differ significantly regarding skin 
prick test, specific IgE, total IgE and specific IgG

There was no significant difference between the extent of the skin 
reaction to D pteronyssinus and D farinae between symptomatic and 
asymptomatic subjects (Table 1). Two of 17 symptomatic patients 

F IGURE  1 Flow chart of patient 
inclusion. AR Q, allergic rhinitis 
questionnaire; HDM, house dust mite; 
NPT, nasal provocation test; SPT, skin 
prick test

Exclusion criteria:

- Anatomic abnormalities 
and/or acute inflammation
of nasal cavities,

- Dermatitis

- Urticaria

- Asthma without rhinitis

- History of allergen 
specific immunotherapy 

- Pregnancy

Excluded:

- 1 patient:

Pos. history

Pos. AR Q

Neg. NPT

Excluded:

- 1 patient:

Neg.history,

Neg. AR Q,

Pos. NPT

- 2 patients:

Neg. history

Pos.ARQ

Neg. NPT

Positive SPT for HDM

allergen (N = 288)

Responded and eligible

for the study (N = 40)

Positive history of

HDM-related AR (N = 18)

Allergic rhinitis (N = 17)

Pos.history

Pos. AR Q

Pos.NPT

Negative history of

HDM-relatedAR (N = 22)

AR questionnaire (AR Q)

NPT with HDM allergen 

Asymptomatic sensitization 
(N = 19)

Neg. history

Neg.ARQ

Neg. NPT
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and 4 of 19 asymptomatic subjects showed a positive SPT only to 
D farinae. One of 17 symptomatic patients and 2 of 19 asymptomatic 
subjects showed positive SPT to D pteronyssinus alone. The other 
subjects were SPT-positive to both. Based on the SPT results, some 
subjects were also sensitized to allergens other than HDM: 9 of 17 
symptomatic patients (6 to animal epithelia, 3 to cockroaches, 2 to 
moulds and 7 to pollen) and 15 of 19 asymptomatic subjects (5 to 
animal epithelia, 4 to cockroaches, 4 to moulds and 10 to pollen).

The level of sIgE to D pteronyssinus was higher in symptom-
atic patients than in asymptomatic subjects. The significance test 
reached P = 0.055 for this comparison; thus, the difference was not 
significant. The sIgE D pteronyssinus/tIgE ratio revealed no significant 
differences between the symptomatic patients and asymptomatic 
subjects. Additionally, the analysis of sIgG to D pteronyssinus between 
these two groups also did not appear to be significant (Table 1).

3.2 | Basophil activation tests discriminate 
symptomatic patients from asymptomatic subjects

We showed that the baseline CD63 response and the response to 
fMLP were highly comparable between the symptomatic patients, 
asymptomatic subjects and the controls (Table 2). Comparison of 
the anti-FcεRI mAb stimulus between the symptomatic patients and 
asymptomatic subjects revealed statistically significant differences 
(P < 0.001), with higher basophil activation among symptomatic pa-
tients (Table 2). There were two non-responders to anti-FcεRI mAb 
(<15% CD63 response)33 in the asymptomatic group; however, both 
had positive responses to fMLP. Allergen-induced responses for 
those two subjects were excluded from the analysis. All other study 

subjects had anti-FcεRI mAb responses above 15%. We found a sig-
nificant difference in the proportion of activated basophils between 
the symptomatic patients and asymptomatic subjects at D pteron-
yssinus allergen extract concentrations of 3.33 ng/mL (P = 0.010), 
33.3 ng/mL (P = 0.021) and 333 ng/mL (P = 0.011). The threshold for 
an in vitro basophilic activation of >15% was 3.33 ng/mL in sympto-
matic patients and 33.3 ng/mL in the asymptomatic group (Figure 2, 
Table 2). Importantly, we also detected that the symptomatic patients 
had significantly higher AUC compared to those in the asymptomatic 
group (P = 0.017) (Figure 2B, Table 2). There was a correlation be-
tween the ratio of specific/total IgE and AUC, r = 0.617, (P < 0.001). 
We also calculated and compared some additional parameters of 
basophil activation tests: the mean CD63 response at three of the 
higher allergen concentrations (3.33, 33.3 and 333 ng/mL) as reduced 
for basal CD63 response was significantly higher in symptomatic pa-
tients (P = 0.017); the percentage (%) of allergen CD63 relative to 
anti-FcεRI mAb response was higher in the symptomatic patients at 
3.33 ng/mL (although this difference did not reach significance), and 
there were no differences at 33.3 and 333 ng/mL (Table 2).

3.3 | Symptomatic patients recognize more HDM 
allergens than asymptomatic subjects

We found that 16 of the 17 (94.1%) symptomatic patients and 14 of 
the 19 (73.7%) asymptomatic subjects showed reactivity to at least 
one of the tested HDM allergens. Symptomatic patients were on 
an average sensitized to 4 of the 12 tested natural or recombinant 
D pteronyssinus allergens; in comparison, the asymptomatic sub-
jects were on an average sensitized to 2 of the 12 tested allergens 

TABLE  1 Test subject characteristics, including demographical and clinical data and humoral parameters

Symptomatic patients 
(n = 17)

Asymptomatic subjects 
(n = 19) Control subjects (n = 13) P-value

Age (y) 27 (18-54) 26 (19-51) 25 (20-32)

Sex (male/female) 8/9 9/10 3/10

SPT

Dermatophagoides pteronyssinus 
(mm)

4.5 (0-9) 5 (0-12) 0 0.827

D farinae (mm) 5 (0-10) 4 (0-12) 0 0.678

Other standard panel allergens (pos./
neg)

9/8 15/4 0/13 0.273

sIgE to D pteronyssinus (kU/L) 12.4 (0-100) 2.17 (0-41.7) 0 (0-0) 0.055

tIgE (kU/L) 77.2 (17-1361) 99.4 (9.0-443) 25.7 (6.9-1165) 0.890

sIgE to D pteronyssinus /tIgE 0.1 (0-0.5) 0.07 (0-0.2) 0 (0-0) 0.321

sIgG to D pteronyssinus (mgA/L) 15.8 (4.22-30.0) 12.7 (4.1-64.3) 14.4 (5.1-43.8) 0.498

Number of positive HDM 
components

4 (0-10) 2 (0-8) 0 (0-0) 0.019

HDM, house dust mite; SPT, skin prick test.
The results are presented as the medians and ranges.
P-value in bold is statistically significant.
P-values were calculated for the difference between symptomatic patients and asymptomatic subjects. An unpaired t test was used for the SPT. The 
Mann-Whitney U test was used for other standard panel allergens, sIgE, tIgE, sIgE/tIgE, sIgG and the number of positive HDM components.



     |  813ZIDARN et al.

(P = 0.02) (Table 1). The frequency of sensitization to nDer p 1 and 
rDer p 2 was the same, although not all positive patients were sensi-
tized to both allergens. A total of 82.3% of the symptomatic patients 
and 57.9% of the asymptomatic subjects were sensitized to nDer p 1 
and rDer p 2, respectively. Sensitization to rDer p 5 was also highly 
prevalent in both groups (symptomatic 41.2% and asymptomatic 
21.0%). Differences were observed in the frequency of sensitiza-
tion to rDer p 7 and rDer p 23. A total of 41.2% of the symptomatic 
patients were sensitized to rDer p 7 compared to 5.3% of asymp-
tomatic subjects (P = 0.016). A total of 70.6% of the symptomatic 
patients were sensitized to rDer p 23 compared to 26.3% of asymp-
tomatic subjects (P = 0.018). The IgEs to rDer p 4, rDer p 10, rDer 
p 11, rDer p 14, rDer p 15, rDer p 18 and rDer p 21 were rarely 
present in the sera of the study subjects, with no significant differ-
ence between the symptomatic patients and asymptomatic subjects 
(Figure 3). None of the controls were sensitized to any of the natural 
or recombinant D pteronyssinus allergens.

3.4 | Correlation between BAT and the number of 
recognized HDM allergens

The correlation between the number of positive HDM allergens 
and the basophil response was also evaluated. The subjects were 

divided into 5 groups according to the number of recognized HDM 
allergens. Six subjects showed negative results on CRD. Twelve 
subjects were positive for 1-2, 7 subjects were positive for 3-4, 
6 subjects were positive for 5-6 and 2 subjects were positive for 
more than 7 HDM allergens. The basophil response was assessed 
based on the AUC. The median AUC in subjects who were nega-
tive for all tested HDM allergens was 7.9 (range 2.5-127.5). In the 
1-2 group, the median AUC was 123.9 (range 9.9-175.7; P = 0.01) 
compared to the negative group, that in the 3-4 group was 142.8 
(range 23.1-224.8; P = 0.008) compared to the negative group and 
that in the 5-6 group was 181.9 (range 8.9-255.6; P = 0.002) com-
pared to the negative group (Figure 4A). Two subjects with more 
than 7 positive components had AUC values of 161.4 and 219.7, 
respectively. There was a significant positive correlation between 
the number of positive HDM allergens and the AUC value (r = 0.63, 
P < 0.001). (Figure 4B).

3.5 | Receiver-operating characteristic curve

The ROC AUC for SPT for D pteronyssinus was 0.501 (P = 0.986), 
that for sIgE for D pteronyssinus was 0.687 (P = 0.055), that for 
BAT at 333 ng/mL was 0.749 (P = 0.010), that for BAT at 33.3 ng/
mL was 0.727 (P = 0.019) and that for BAT at 3.33 ng/mL was 0.710 

Symptomatic patients 
(n = 17)

Asymptomatic 
subjects (n = 19)

Control subjects 
(n = 13) P-value

Basal CD63 (%) 3.4 (2.0-4.4) 3.1 (1.2-4.2) 2.8 (1.7-3.7) 0.270

fMLP CD63 (%) 47.5 (17.1-82.6) 46.2 (15.4-88.6) 59.6 (20.8-76.4) 0.878

Anti-FcεRI mAb 
CD63 (%)

96.97 (70.3-99.6) 79.5 (9.0-99.5) 95.0 (21.9-98.0) <0.001

Allergen CD63 (%)

0.333 ng/mL 1.9 (0-15.0) 0.8 (0-5.5) 0.3 (0-4.2) 0.120

3.33 ng/mL 26.9a (0.3-88.9) 2.3 (0.5-42.2) 1.1 (0.3-2.0) 0.010

33.3 ng/mL 93.7 (0.3-99.7) 77.2a (0-94.9) 1.7 (0.4-4.1) 0.021

333 ng/mL 97.3 (5.0-99.5) 85.1 (2.6-98.7) 3.9 (1.3-10.9) 0.011

AUC 170.9 (7.6-255.6) 127.4 (2.4-181.9) 4.3 (2.1-12.7) 0.017

Mean allergen 
(3.33-
333 ng/mL) 
minus basal 
CD63 (%)

69.7 (−0.09 to 92.5) 53.8 (−1.5 to 74.4) −1.125 (−2.2 to 1.9) 0.017

Allergen CD63 (%)/anti-FcεRI mAb CD63 (%)

3.33 ng/mL 27.5 (0.3-101.6) 13.2 (0.6-49.6) 1.3 (0.3-2.0) 0.093

33 ng/mL 98.6 (0.3-118.1) 92.0 (0-108.3) 1.7 (0.4-4.0) 0.254

333 ng/mL 100.2 (5.3-121.7) 92.0 (0-108.3) 3.8 (1.3-10.9) 0.526

AUC represents the area under the curve of the CD63 basophil response after in vitro activation 
with increasing allergen concentrations. We also compared mean allergen CD63 responses at 3.33-
333 ng/mL as corrected by subtracting the basal response and the percentages (%) of the allergen 
CD63 responses relative to anti-FcεRI mAb responses.
The results are presented as the medians and ranges.
P-values in bold are statistically significant.
P-values were calculated for the difference between symptomatic patients and asymptomatic sub-
jects using the Mann-Whitney U test.
aThe threshold for in vitro basophilic activation. 

TABLE  2 Basophil CD63 response at 
the basal level (stimulation buffer alone), 
after in vitro stimulation with positive 
controls (fMLP, anti-FcεRI mAb), and after 
stimulation with increasing concentrations 
of Dermatophagoides pteronyssinus 
allergen extract
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(P = 0.031); for the BAT response at all concentrations, the ROC AUC 
was 0.733 (P = 0.016), and for number of positive HMD allergens, 
the ROC AUC was 0.727 (P = 0.019).

4  | DISCUSSION

This study showed that basophil sensitivity measurements and 
component-resolved diagnostics (CRD) are useful diagnostic tools 
for differentiating between symptomatic patients with HDM-allergic 
rhinitis and subjects with asymptomatic sensitization. Symptomatic 
patients have a lower threshold for basophil activation and a higher 
AUC of in vitro basophil stimulation with increasing allergen con-
centrations compared to asymptomatic subjects. There was also a 
higher basophil response to stimulation with anti-FcεRI in sympto-
matic patients. We demonstrated that symptomatic patients were 
sensitized to more HDM allergens and that sensitization to rDer p 
7 and rDer p 23 was more prevalent in symptomatic patients than 
in asymptomatic subjects. Importantly, there was also a significant 
positive correlation between the number of recognized HDM aller-
gens and the basophil AUC.

The factors responsible for differences between patients with 
allergic rhinitis and asymptomatic subjects have been studied previ-
ously.34 In this study, we could not confirm a previous observation 
of reduced skin test reactivity in asymptomatic subjects35 because 
the size of the skin test result was similar between symptomatic pa-
tients and asymptomatic subjects. Similarly, Ha et al36 showed no 
correlation between retrospective nasal symptom severity and weal 
diameter; however, they showed a significant correlation between 
weal diameter and nasal provocation symptom score. We showed 
that symptomatic patients have a higher sIgE compared to asymp-
tomatic subjects. However, the significance test reached P = 0.055 
for this comparison; thus, the difference was not significant. The 
reason for this borderline P value might be the small number of 
study participants, especially as previous studies have shown sig-
nificant differences in sIgE levels and provided cut-off values for 
different allergens.37 However, no absolute cut-off value has been 

confirmed for HDM by other studies, similar to the result obtained in 
our study.34 Kirerieri et al38 showed that rhinomanometric response 
to nasal allergen provocation is not correlated with the diameter 
of the skin prick test result and the level of IgE. Recently, Wanjun 
et al39 showed a correlation between nasal provocation with HDM, 
skin prick weal size and IgE; however, only nasal provocation was as-
sociated with the severity of nasal symptoms. Haxel et al40 showed 
that the ratio between negative and positive NPT is decreased in 
patients with larger weal size and higher IgE classes, although some 
patients with a weal diameter of >5 mm and an IgE class ≥4 still had 
negative NPT. Interestingly, in the Pan-European standard prick test 
panel,41 polysensitization was less common in symptomatic patients 
than in asymptomatic subjects, in contrast to other studies that 
associated polysensitization with symptomatic allergic disease.34 
Specific IgG levels that can be considered as markers of exposure 
were similar in both groups as well as in control subjects without 

F IGURE  2 A, Comparison 
of basophil CD63 response 
at different concentrations of 
Dermatophagoides pteronyssinus in 
symptomatic patients and asymptomatic 
subjects. B, Box plot showing the area 
under the curve of the CD63 basophil 
response after in vitro activation with 
increasing allergen concentrations

(A) (B)

F IGURE  3  IgE reactivity to individual HDM allergens in 
symptomatic patients with HDM-related allergic rhinitis and 
asymptomatic subjects with HDM sensitization. Fisher's exact test 
was used for assessing the frequencies of natural and recombinant 
HDM allergen
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HDM sensitization. Studies in cat owners have shown that high lev-
els of exposure can induce an allergen-specific IgG response42 that 
may act as a blocking antibody.43 Total IgE titres were higher in as-
ymptomatic subjects, but the difference was not significant. High 
titres of IgE have been supposed to saturate FcεRI and prevent the 
binding of allergen-specific IgE.44 In this study, we could not confirm 
the importance of naturally occurring HDM IgG-blocking antibodies 
or the hypothesis regarding the saturation of IgE receptors with high 
total IgE as reasons for asymptomatic sensitization. An evaluation of 
the ratio of sIgE to D pteronyssinus/tIgE showed no significant dif-
ferences between the symptomatic and asymptomatic groups; this 
result contrasts with our previous study, in which we showed that 
this ratio was significantly different between symptomatic patients 
and asymptomatic subjects who were sensitized to grass pollen.12

Basophil activation test is an in vitro flow cytometric-based test 
that quantifies the expression of CD63 or other markers of basophil 
activation after specific allergen stimulation.45 Currently, BAT can be 
used to investigate IgE-mediated allergy caused by inhalant allergens, 
Hevea latex, food, drugs and hymenoptera venom.46 It may also be 
used to diagnose non-IgE-mediated reactions (drug hypersensitiv-
ity and the detection of auto-antibodies in certain forms of chronic 

urticaria) and to predict venom immunotherapy side-effects.47 In this 
study, the basophil response to positive control anti-FcεRI was higher 
in symptomatic patients than in asymptomatic subjects. In contrast, 
the response to another positive control, fMLP, was similar in both 
groups. Puan et al48 also showed that basophil anergy is associated 
with a reduced incidence of AR. Our previous study in grass pollen as-
ymptomatic sensitization showed comparable responses to anti-FcεRI 
stimulation in symptomatic patients and asymptomatic subjects.24 This 
difference could be attributed to the seasonal presence of grass pollen 
compared to the perennial presence of HDM, which may up-regulate 
the response of basophils to IgE-mediated stimulation. Plasma-free IgE 
levels influence FcεRI receptor density on basophils and the respon-
siveness of the cells to IgE-mediated stimulation,49 but total IgE levels 
were similar between the groups. FcεRI receptor polymorphisms may 
be among the most relevant genetic factors involved in the differences 
between asymptomatic subjects and patients,34 and this may serve as 
another possible explanation for the different reactions to the anti-
FcεRI stimulus. Santos et al50 showed that FcεRI non-responders were 
predominantly peanut tolerant and not peanut allergic. Similarly, in 
our study, we had two FcεRI non-responders, and both were in the 
asymptomatic group. Thus, we might speculate that in some cases, IgE 
signalling is important for allergen tolerance. Additional allergen/anti-
FcεRI mAb analysis also suggests the importance of FcεRI signalling. 
CD32b signalling, another important mechanism that modulates IgE-
mediated response of basophils,51 might also be important. However, 
a substantially broader assessment and more studies are required to 
confirm these speculations.

With this study, we confirmed that basophil sensitivity was 
higher in symptomatic patients than in asymptomatic subjects, sim-
ilar to grass pollen allergies. Basophil sensitivity testing provides 
information regarding how much allergen is needed to provoke ba-
sophils to react. In our study, basophil sensitivity was assessed using 
the threshold for basophil activation; this occurred at a 10-fold lower 
concentration of HDM allergen in symptomatic patients compared 
with asymptomatic subjects. Basophil allergen threshold sensitivity 
can also be assessed using CD-sens (data not shown)52; however, 
this method is less useful for distinguishing symptomatic patients 
from asymptomatic subjects because some asymptomatic subjects 
have negative basophil activation test results. AUC represents both 
basophil sensitivity and basophil reactivity and is therefore more 
useful for comparing a wide array of different basophil responses 
that can be found especially in asymptomatic subjects (Figure 2). In 
this study, we showed that the AUC was 34% higher in symptomatic 
patients compared to asymptomatic subjects.

Component-resolved diagnosis is a promising diagnostic method 
that enables researchers to investigate the presence of antibodies 
to different HDM allergens. More than 30 HDM allergens have 
been described thus far,53 and there is evidence that CRD can be 
useful for the selection of patients for HDM-specific allergen im-
munotherapy.54 Furthermore, recombinant allergen-based IgE se-
rology seems to be superior to allergen extract-based testing15 and 
avoids contaminations of HDM allergen extracts with unrelated al-
lergens.54 With the availability of an extended set of HDM allergens, 

F IGURE  4 A, Comparison of the AUC of basophil response to 
in vitro stimulation with Dermatophagoides pteronyssinus extract 
between groups of subjects with increasing numbers of recognized 
HDM allergens in all subjects with positive SPT for HDM allergen. 
B, Correlation between the number of recognized HDM allergens 
and the AUC. AR Q, allergic rhinitis questionnaire; HDM, house 
dust mite; NPT, nasal provocation test; SPT, skin prick test
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it is possible to study molecular reactivity profiles that may be as-
sociated with different manifestations of HDM sensitization.13 In 
our study, symptomatic patients were on an average sensitized to 
4 of 12 tested HDM allergens; in comparison, asymptomatic sub-
jects were on an average sensitized to 2 of 12 of the allergens. The 
AUC was correlated with the number of recognized HDM allergens. 
This was in accordance with previous observations that sensitiza-
tion to more than one allergenic protein increases the likelihood of 
allergic disease.34 In our study, sensitization to nDer p 1 and rDer 
p 2 proved to be the most prevalent both in symptomatic patients 
(nDer p 1 = 82.3%; rDer p 2 = 82.3%) and in asymptomatic subjects 
(nDer p 1 = 57.9%; rDer p 2 = 57.9%). This result is in accordance 
with other studies, which showed that nDer p 1 and rDer p 2 were 
the most prevalent HDM allergen components.53 Sensitization to 
rDer p 5 was also highly prevalent in both groups (symptomatic 
41.2% and asymptomatic 21.0%). A recent study of Weghofer et al 
identified rDer p 23 as a new major D pteronyssinus allergen with 
high allergenic activity. In that study, the prevalence among symp-
tomatic patients was 74% (n = 347).31 Soh et al55 showed that 54% 
of tested HDM-allergic patients displayed a Der p 23-specific IgE 
response. Becker et al56 recently also showed that 31% of proven 
HDM-allergic patients who were negative for the commercially 
available allergens Der p 1, Der p 2 and Der p 10 tested positive 
for Der p 23 according to a MeDALL chip evaluation. Our results 
showed a higher prevalence of rDer p 23 sensitization in symptom-
atic patients (70.6%) than in asymptomatic subjects (26.3%). Similar 
results were also found for rDer p 7 sensitization, which was present 
in 41.2% of symptomatic patients but only in 5.3% of asymptomatic 
subjects. Lynch showed that patients with combined allergic rhinitis 
and asthma were more predisposed to react to Der p 2, 5 and 7 
compared to those with either of these diseases alone, who react 
predominantly to Der p 2.57 Other components were less prevalent, 
with no significant differences between groups. For food allergens, 
it is widely recognized that different sensitization patterns are con-
nected with different phenotypes. It has also recently been shown 
that the molecular reactivity profile of asthmatic children differs 
from that of non-asthmatic children with HDM allergies.13 Our re-
sults showed that rDer p 23 and rDer p 7 are good indicators for 
distinguishing symptomatic patients from asymptomatic subjects.

The strength of this study is that we included clinically well-
defined patients. Past patient histories were confirmed with ques-
tionnaires on rhinitis symptoms, and the clinical importance of 
sensitization was confirmed with NPT. A limitation of the study is the 
rather small number of included study participants. It would proba-
bly be better to use a mix of defined HDM allergen molecules for 
BAT instead of HDM allergen extract.

In summary, this study demonstrated that the use of CRD and 
BAT can help clinicians to distinguish between HDM-allergic rhinitis 
patients and asymptomatic subjects. Patients with allergic rhinitis 
recognize more HDM allergens and are more frequently sensitized 
to rDer p 23 and rDer p 7. Differences in allergen recognition are also 
reflected in a higher basophil response in allergic patients compared 
with that in asymptomatic subjects.
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