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Abstract
Background: The Dermatophagoides pteronyssinus molecule Der p 23 is a major aller-
gen whose clinical relevance has been shown in cross-sectional studies. We longitudi-
nally analysed the trajectory of Der p 23-specific IgE antibody (sIgE) levels throughout 
childhood and youth, their early-life determinants and their clinical relevance for al-
lergic rhinitis and asthma.
Methods: We obtained sera and clinical data of 191 participants of the German 
Multicentre Allergy Study, a prospective birth cohort. Serum samples from birth to 
20 years of age with sIgE reactivity to Der p 23 in a customised semiquantitative mi-
croarray were newly analysed with a singleplex quantitative assay. Early mite expo-
sure was assessed by measuring the average content of Der p 1 in house dust at 6 and 
18 months.
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1  |  INTRODUC TION

House dust mites (HDM) account for the majority of perennial al-
lergies.1 Several studies report that exposure to Dermatophagoides 
pteronyssinus (D.pt) and Dermatophagoides farinae (D.fa) facilitates 
sensitisation in later years.2,3 Moreover, mite-related IgE responses 
increase over time, in both complexity of the molecular sensitisation 
profile and mean IgE concentrations,4,5 following a phenomenon 
already described for grass-related IgE responses.6 Additionally, a 
strong correlation between IgE sensitisation to mite allergens and 
asthma was demonstrated2 and further defined on a molecular 
level.4,5,7 Due to the development of component resolved diagnos-
tics (CRD), over 30 different molecules of D.pt. have been identi-
fied and sequenced in the WHO/IUIS Allergen Nomenclature. These 
molecules have been further classified into major (Der p 1, Der f 
1, Der p 2, Der f 2 and Der p 23) and minor allergen molecules if 
they induce IgE responses in more or less than 50% of mite-allergic 
patients, respectively.4,7 A hierarchy of epidemiological and clinical 
relevance among these molecules has been proposed8 and further 
confirmed by longitudinal studies disclosing regular sequence of 
IgE sensitisation.4 Accordingly, three different molecular categories 
were defined: Group A (Der p 1, Der p 2 and Der p 23), that is, initia-
tor molecules reaching a prevalence higher than 40%; Group B, (Der 
p 4, Der p 5, Der p 7 and Der p 21) including molecules inducing 
IgE sensitisation at later stage in 15%–30% of patients; and Group 
C (Der p 11, Der p 14, Der p 15, Clone 16/Der p 37 and Der p 18), 
consisting of molecules whose IgE sensitisation is the latest and the 
least frequent (prevalence <10%).4

While Der p 1, Der p 2 and homologous molecules in D.fa. have 
been characterised over 40 years ago,9,10 Der p 23 was discovered in 
2013.11 Its biological, epidemiological and clinical roles have recently 
been further characterised in experimental and cross-sectional stud-
ies.12-18 According to different studies, 40%–75% of HDM allergic 

patients in Europe are sensitised to Der p 23,4,12,13,19 rendering it the 
third most frequently recognised mite allergen. Being a peritophin-
like protein of 8  kD, it is located in the intestinal tract of mites.11 
There it is associated with the peritrophic matrix, a membrane syn-
thesised by posterior midgut epithelial cells.11,20 This membrane sur-
rounds faecal pellets to protect the intestinal gut against mechanic 
or toxic damage. Consequently, Der p 23 is closely attached to fae-
cal pellets. Despite its small amounts in mite extracts though, the 
allergenic activity of Der p 23 seems to be comparable to that of 
Der p 1 (cysteine protease) and Der p 2 (NPC2 protein)14 and linked 
to asthma.15,17 While mite-allergic patients with monomolecular 
IgE sensitisation to Der p 23 have been observed in cross-sectional 
studies,14,16,20 the longitudinal evolution and clinical relevance of the 
IgE response to this molecule during childhood has not yet been ex-
amined in its details.

Therefore, the primary aim of the present study was to examine 
the trajectory of the sIgE antibody response to Der p 23 from birth 
to the age of 20 years and to investigate its early-life determinants 
as well as its clinical relevance, with a focus on allergic rhinitis and 
asthma. Secondarily, we aimed to thoroughly study those subjects 
that were monosensitised to Der p 23. To this end, we have resorted 

Results: Der p 23-sIgE levels were detected at least once in 97/191 participants (51%). 
Prevalence of Der p 23 sensitisation and mean sIgE levels increased until age 10 years, 
plateaued until age 13 years and were lowest at age 20 years. Asthma, allergic rhinitis 
(AR) and atopic dermatitis (AD) were more prevalent in Der p 23-sensitised children, 
including those with monomolecular but persistent sensitisation (11/97, 11%). A higher 
exposure to mites in infancy and occurrence of AD before 5 years of age preceded the 
onset of Der p 23 sensitisation, which in turn preceded a higher incidence of asthma.
Conclusions: Der p 23 sensitisation peaks in late childhood and then decreases. It is 
preceded by early mite exposure and AD. Asthma and AR can occur in patients per-
sistently sensitised to Der p 23 as the only mite allergen, suggesting the inclusion of 
molecular testing of Der p 23-sIgE for subjects with clinical suspicion of HDM allergy 
but without sIgE to other major D.pt. allergens.

K E Y W O R D S
asthma, birth cohort, childhood, Der p 23, Dermatophagoides pteronyssinus, house dust mite 
allergy, IgE

Key Message

In this study, we investigated the sensitisation pattern to 
the major Dermatophagoides pteronyssinus molecule Der 
p 23 within the MAS birth cohort. The sensitisation was 
found to have a strong association with asthma and to be 
facilitated by early mite exposure and atopic dermatitis. 
Der p 23 is a major allergen molecule that should be con-
sidered in the algorithm of mite allergy testing.
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to the German Multicentre Allergy Study (MAS), a prospective 
population-based allergy-risk enriched birth cohort that investi-
gated over 20 years children born in five German cities in 199021 
and whose sIgE responses to several D.pt. allergen molecules had 
been already examined with a customised, semiquantitative, aller-
gen microarray.4

2  |  METHODS

2.1  |  Study design and population

The MAS cohort recruited 1314 of 7609 infants born in 1990 in six 
university hospitals in five German cities22 with inclusion criteria and 
study design described elsewhere in detail.22 Children were exam-
ined at 1, 3, 6, 12, 18 and 24 months and annually from age 3 to 
13 years and at 15 and 20 years. The study was approved by local 
ethic committees. Each parent provided written informed consent. 
In the present work, we included participants with ≥1 serum sample 
positive for specific IgE (sIgE) to D.pt. extract (cut-off ≥0.35 kU/L; 
ImmunoCAP 100, TFS) and less than four missing follow-ups be-
tween 3 and 20 years.4

2.2  |  IgE assays

Serum samples were obtained at 1, 2, 3, 5, 6, 7, 10, 13 and 20 years 
(Table  S1 in e-repository). All sera with sIgE reactivity to Der 
p 23 (≥0.3  ISU/L) in a customised semiquantitative microarray 
(ImmunoCAP ISAC, TFS, Uppsala, Sweden) and with a residual vol-
ume of ≥100 μL were included. These sera and 40 negative controls 
(see e-repository for selection criteria) were again tested for sIgE 
to Der p 23 with a singleplex quantitative assay (ImmunoCAP 100, 
TFS). A result of ≥0.35 kU/L was considered positive.

2.3  |  Statistical analysis

Normality of data was tested using the Shapiro–Wilk test. Chi-
square test and Mann–Whitney U test were used for categorical 
and quantitative not normally distributed variables, respectively, to 
test differences between groups. Inter-quartile ranges (IQR) were 
calculated for median mite exposure, number of sensitised D.pt. 
molecules and median age of onset of allergic diseases. Univariable 
logistic regression was used to investigate the influence of exposure 
to Der p 1 in house dust and occurrence of AD before 5 years of age, 
respectively, on Der p 23 sensitisation. Geometric mean (GM) and 
geometric standard deviation (GSD) were calculated for mean IgE 
concentrations. Correlations between sIgE levels with the two dif-
ferent assays were analysed with two-sided Spearman rank correla-
tion (Figure S2) and plotted in a Bland–Altman-Agreement plot after 
log 10 transformation (Figure S3). sIgE values from birth to the age 
of 20 were analysed by linear mixed models, considering patient ID 

as a random factor and age, Der p 23 sensitisation status, as well as 
their interaction as fixed factors with log 10 transformed sIgE con-
centrations as the outcome variable. sIgE concentrations (GM) and 
their 95%CI were estimated by the model. The clinical relevance of 
Der p 23 and the two other Group A molecules (Der p 1, Der p 2) was 
assessed by logistic mixed models, which considered patient ID as a 
random factor, and age and prevalence status as well as their inter-
action as fixed factors. The models were adjusted for sensitisation 
to the respective other Group A molecules. This was conducted for 
asthma, AR and AD separately. A p-value of <0.05 was considered 
statically significant. The statistical analysis was performed with spss 
(ibm®spss®statistics, Version 27, 2020) and stata software (stata 16.1 
Revision 06 April 2021 StataCorp LLC, College Station TC77845) for 
calculations based on mixed models.

3  |  RESULTS

3.1  |  IgE sensitisation to Der p 23

Overall, 191 of the initially recruited 1314 subjects in the MAS co-
hort met the inclusion criteria of this study.4 Ninety-seven subjects 
(51%) had at least one sample with positive sIgE to Der p 23 in the 
microarray (thence referred to as ‘Ever Der p 23 sensitised’), of which 
11 subjects presented sIgE exclusively to Der p 23 among the 12 
tested D.pt. molecules at all times. Ninety-four subjects (49%) were 
never sensitised to Der p 23 in the microarray; thence named ‘Never 
Der p 23 sensitised’ (Figure S1). In the singleplex assay (ImmunoCAP 
100), 89/97 subjects also had ≥1serum with positive sIgE to Der p 
23, while sIgE concentrations of eight subjects remained below the 
cut-off (see OR for detailed information).

3.2  |  Risk factors for IgE sensitisation to Der p 23

We found no difference for potential risk factors such as sex, nation-
ality, parental history of atopy, breastfeeding, maternal history of 
smoking during pregnancy and the presence of pets before the age 
of 7 years (Table 1) between the ever and never Der p 23-sensitised 
subjects. By contrast, average exposure to Der p 1 between 6 and 
18 months was observed to be significantly higher (p = .027) in the 
Der p 23-sensitised group (Figure  1). Univariable logistic regres-
sion showed that early exposure to Der p 1 in domestic environ-
ment significantly influenced Der p 23 sensitisation (OR  =  1.74; 
95% CI = 1.11–2.73; p-value = .015).

3.3  |  Molecular profiles of ‘ever mite 
sensitised’ subjects

Both prevalence and sIgE concentrations at 20 years to D.pt. ex-
tract were significantly higher in Der p 23-sensitised subjects than 
in the never Der p 23-sensitised subjects. The same observation 
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could be made for sIgE to Der p 1 and 2. Furthermore, the number 
of positive D.pt. molecules besides Der p 23 was significantly higher 
in ever Der p 23-sensitised subjects. Accordingly, the distribution of 
D.pt. sensitisation profiles differed significantly between the Der p 
23-sensitised and non-sensitised subjects (p < .001) (Table 1).

3.4  |  Prevalence, onset and evolution of the sIgE 
response to Der p 23

Both prevalence and concentrations of sIgE to Der p 23 strongly 
increased between 3 and 10 years, plateaued at 13 years with a de-
crease towards 20 years (description in e-repository). First detection 

of Der p 23-sIgE as well as maximum sIgE levels was mostly found 
at 10 years.

3.5  |  sIgE to Der p 23 and to D.pt. extract: a 
quantitative correlation

Levels of sIgE to Der p 23 in oligo/polymolecularly sensitised chil-
dren were at nearly all times significantly lower than those to the 
D.pt. allergen extract (p < .001). On average, sIgE to Der p 23 made 
up 16% of sIgE to the extract. Interestingly, while Der p 23-sIgE 
in monomolecularly sensitised children was generally as high as in 
the oligo/polymolecularly sensitised subjects, an opposite scenario 

TA B L E  1 Characteristics of the study population

Never Der p 23-sensitised (n = 94)a Ever Der p 23-sensitised (n = 97)a p-Valuef

Sex (male) (%) 62 66.0 62 63.9 .768

German nationality (%) 90 96.8 92 96.8 .649

Parental history of atopy (%)b 54 58.7 70 72.2 .051

Breastfeeding (>1 month) (%) 77 81.9 79 81.4 .933

Mother smoking in pregnancy (%) 16 17.2 22 22.7 .346

Pets in household (%)c 27 31.8 35 37.6 .412

Molecular associates

tIgE [kU/L], mean (SD)d 144.5 3.8 174.5 3.5 .236

Prevalence of sIgE to D.pt. extract at 20 years (%) 50 76.9 70 94.6 .002

sIgE to D.pt. extract [kU/L], mean (SD)d 3.9 5.6 13.6 4.3 <.001

Prevalence of sIgE to Der p 1 at 20 years (%) 26 40.0 51 70.0 <.001

sIgE to Der p 1 [ISU/L], mean (SD)d 5.1 3.7 11.9 3.6 <.001

Prevalence of sIgE to Der p 2 at 20 years (%) 36 55.4 58 79.5 .002

sIgE to Der p 2 [ISU/L], mean (SD)d 4.3 4.8 16.1 3.7 <.001

N sensitised D.pt. molecules, median (IQR)g 1 1–3 4 2–9 <.001

Sensitisation profilee

Monomolecular (%) 29 30.9 11 11.3 <.001

Oligomolecular (%) 33 35.1 35 36.1

Polymolecular (%) 9 9.6 51 52.6

NA (%) 23 24.5 - -

Note: Data were summarised as numbers (n) and frequencies (%) if they were categorical, or geometric mean and standard deviation (SD) and median 
and inter-quartile range (IQR), respectively, if quantitative.
aNumbers refer to sIgE positivity to Der p 23 measured with ImmunoCAP ISAC (ISU/L) with sIgE concentrations ≥0.3 ISU/L. Sporadic missing values 
have been considered and the respective percentages adapted to the denominator.
bOne or both parents with history of atopic disease.
cPresence of any pet in household before the age of 7 years.
dIgE concentrations at 20 years.
eSensitisation profiles refer to the maximum number of D.pt. molecules against which subjects were ever sensitised between 0–20 years. 
Monomolecular = sensitised to one D.pt. molecule; oligomolecular = sensitised to 2–4 D.pt. molecules; polymolecular = sensitised to ≥5 D.pt. 
molecules.
fChi-square test was used to evaluate the association of categorical data between groups; Mann–Whitney U test was used to compare quantitative 
not normally distributed variables between groups (Shapiro–Wilk test was used to assess normality of data).
gRefers to the maximum number of D.pt. molecules against which subjects were ever sensitised between 0 and 20 years; Der p 23 excluded.
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could be observed with significantly higher levels of sIgE to Der p 23 
than to the extract (p < .001, (Figure 2)).

3.6  |  Case series report: Der p 23 monomolecularly 
sensitised subjects

Within the 11 children exclusively sensitised to Der p 23 (among the 
tested D.pt. molecules), we found that eight subjects (73%, microar-
ray) were exposed to mite dust during early childhood, while nine sub-
jects (82%) had a positive history of parental atopy. In four/six cases 
with more than one positive serum, peak sIgE concentrations were 
directly achieved at first detection (Table 2). Regarding the individual 
molecular and clinical profiles of these children, all 11 were affected 
by AR, while four children also suffered from asthma. Subjects with 
high house dust mite exposure in early childhood appeared to have 
more sera positive for Der p 23-sIgE, but not forcefully greater mani-
festations of allergic diseases. In all 11 subjects, sIgE levels to Der p 23 
were at all times higher than sIgE levels to the mite extract (Figure S5).

3.7  |  Clinical outcome

The prevalence of asthma was significantly higher in ever Der p 
23-sensitised subjects (42%) than in never Der p 23-sensitised 

subjects (26%; p  = .015). A similar trend was observed for AR 
(91% vs. 80%; p = .033) and AD (53% vs. 36%; p = .023) (Table 3). 
Regarding the evolution of the different allergic diseases over 
time, prevalence of asthma and AR increased significantly with 
age both within the Der p23-sensitised and non-sensitised group 
(asthma: obs  =  2172; groups  =  191; p  < .001. AR: obs =  2160; 
groups  =  191; p  < .001 (Figure  3a,b)). While we could not ob-
serve any influences of Der p 23 sensitisation to the prevalences 
of asthma and AR, the mixed models on the correlation of Der p 
1, respectively, Der p 2 and the prevalences of allergic diseases 
showed no significant influence on one of these two diseases ei-
ther (data not shown). Remarkably, the prevalence of asthma was 
significantly (two fold) higher after the first detection of Der p 
23 sensitisation than before it (p  < .001) (Figure  4). By contrast 
to asthma and AR, AD peaked at 1 years, decreased to a minimum 
at 4 years and plateaued thereafter both in Der p 23-sensitised 
and non-sensitised children. A significant higher prevalence of AD 
was observed at any time among children with Der p 23 sensitisa-
tion (obs = 1321; groups = 191; p = .019) (Figure 3c). Accordingly, 
univariable logistic regression showed that AD before age 5 years 
(n = 73/85 [86%]) significantly influenced the development of Der 
p 23 sensitisation after 5 years (n = 92/97 [95%]) (OR = 2.21; 95% 
CI = 1.22–4.01; p = .009).

4  |  DISCUSSION

This birth cohort study is the first study focusing on onset, quan-
titative evolution, risk factors and clinical relevance of serum IgE 
responses to the major D.pt. allergen Der p 23. We found that IgE 
sensitisation to Der p 23: (A) often begins very early in the first dec-
ade of life, with a declining trend during adolescence; (B) is associ-
ated with high exposure to D.pt. allergens in infancy and history of 
AD during the first 4 years of life; (C) can be monomolecular, yet as-
sociated with symptoms of AR and/or asthma over many years; and 
(D) is—together with Der p 1 and Der p 2—related to a higher risk of 
current and future allergic asthma.

4.1  |  Onset, prevalence and IgE levels over time

The overall prevalence of Der p 23 sensitisation in the MAS cohort 
was 51%, defining Der p 23 as a Group A molecule.4 First detection 
of Der p 23-sIgE appeared averagely at 10 years, as previously hy-
pothesised in a cross-sectional study among mite-allergic patients.17 
However, the youngest children showing an IgE response to Der p 
23 were 2 years old, while sensitisation started at 20 years in other 
patients. Our study highlights that Der p 23 can be both, an initiator 
of the IgE response to D.pt. very early in childhood, or an allergen 
molecule accompanying the sensitisation process at later stages. We 
also observed a peak, in both prevalence and sIgE level at 10 years 
and decreased sensitisation rates and antibody levels towards adult-
hood, as suggested by cross-sectional studies.13,15 This decline may 
reflect a general dampening after puberty of Th2-inflammation and 

F I G U R E  1 Exposure to Der p 1 between 6 and 18 months, by sIgE 
sensitisation to Der p 23. Average content of Der p 1 in carpet dust 
(ng/g) between 6 and 18 months, of all subjects with available data at 
both time points. Data were log 10 transformed for further analysis 
and given in box plots with median and the 25th and 75th percentile 
as boundaries of the box. Of the never Der p 23-sensitised subjects, 
Der p 1 exposure was calculated for 57 subjects (median = 1.76 ng/g; 
IQR = 1.45–2.44; data shown in blue), compared with 63 subjects 
within the ever Der p 23-sensitised subjects (median = 2.23 ng/g; 
IQR = 1.53–3.08; data shown in orange); p = .027
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respiratory allergies starting in childhood.23 The immunological 
basis of this evolution has been described and deeply investigated 
in the MAAS, BAMSE and the PIAMA cohort studies,24-26 along with 
a reduction in IgE levels and increase in IgG levels against major al-
lergenic proteins simultaneously to a decline in respiratory allergic 
reactivity in the second decade of life.

4.2  |  Early risk factors of sIgE sensitisation to Der 
p 23

A higher exposure to house dust mites in infancy was associated 
with Der p 23 sensitisation. This outcome adds an important in-
formation to earlier observations of a synergy of early exposures 
and genetic predisposition to an increased overall sensitisation to 
mites.3,27 Interestingly, we also observed that children with a history 
of AD in the first 4 years of life were also at greater risk of developing 
IgE sensitisation to Der p 23 later on. One could speculate that the 
disruption of the skin barrier and the underlying Th2-inflammation 
may generate the immunological conditions to develop IgE sensitisa-
tion to Der p 23.28

4.3  |  Patients with monomolecular sensitisation: 
biological and clinical implications

We found many subjects with sIgE exclusively to Der p 23 among the 
tested D.pt. molecules. Our observation confirms that Der p 23 is a 
strong allergen whose triggering of IgE-mediated degranulation by 
basophiles and mastcells11 is related to symptoms. From a diagnostic 
standpoint, our results show that a minority of mite-allergic children 
can suffer from AR and/or asthma even lacking sIgE to Der p 1 and/
or Der p 2. Consequently, mite allergy could be overlooked by diag-
nostics using allergen extracts with no or small amounts of Der p 
23.12,15,29 Due to its close attachment to the peritrophic membrane 
of faecal pellets, Der p 23 is poorly released in hydrophilic solutions 
when compared to other mite allergens such as Der p 1 and Der p 
2.11 This underrepresentation of Der p 23 in some allergen extracts 
is also suggested by our own results. Indeed, Der p 23-sIgE in D.pt. 
oligo/polysensitised subjects was a fixed percentage (≈16%) of sIgE 
to the mite extract, while Der p 23-sIgE levels surpassed D.pt.-sIgE 
levels in monomolecularly sensitised children. Molecular testing 
of Der p 23-sIgE should be, therefore, included into the diagnos-
tic algorithm for subjects with stringent clinical suspicion of HDM 

F I G U R E  2 Evolution of sIgE to Der p 23 and the D.pt. extract among D.pt. oligo/polymolecularly sensitised subjects (A) and Der p 
23 monomolecularly sensitised subjects (B), from birth to the age of 20 years. Mean sIgE concentrations to D.pt. extract and Der p 23 
(GM; kU/L) estimated by mixed model on log 10 transformed data. Shaded areas represent 95% CI. A detailed definition of the different 
molecular profiles is given in the main text. (A) sIgE levels of D.pt. oligo/polymolecularly sensitised subjects (n = 79). In this population, we 
found significantly different sIgE levels to the extract vs. Der p 23 at each age (p < .011) as well as different evolution patterns (p < .001). 
(B) sIgE levels within the Der p 23 monomolecularly sensitised group, defined here as no sensitisation to any other D.pt. molecule (n = 10). 
Overall, sIgE levels were lower than in the D.pt. oligo/polymolecularly sensitised population and an inversion of sIgE concentrations could 
be observed. Here, sIgE to Der p 23 and the extract also differed significantly (p < .001) at all ages, with similar evolution patterns (trend for 
interaction; p = .093)

(A)

(B)
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allergy but no IgE to Der p 1 and Der p 2 or even to D.pt. extract. 
Furthermore, high-quality mite extracts, used for allergen immuno-
therapy, should be checked for their content of sufficient amounts 
of Der p 23, as previously suggested.30,31

4.4  |  Clinical relevance

In agreement with other cross-sectional11,13,15,17 and longitudinal 
studies,4 we found a remarkably higher prevalence of asthma in Der 

p 23-sensitised subjects than in non-sensitised subjects. Strikingly, 
the overall prevalence of asthma increased after the detection of 
Der p 23-sIgE, possibly in line with a hypothesis of causality in 
this sequential association. Prevalence of AR and AD differed to 
a lesser, but still significant extent between never and ever Der p 
23-sensitised subjects. While we could not observe strong influ-
ences of Der p 23 sensitisation on the prevalences of asthma and 
AR, Der p 1 and Der p 2 showed no influence on the allergic dis-
eases either. We thus presume that not sensitisation to one Group A 
molecule alone, but rather to Group A molecules in their entity (see 

TA B L E  2 Characteristics of Der p 23 monomolecularly sensitised subjectsa

Subject Sex ATPb

D.pt. 
exposure 
(ng/g)c

Pos. sera 
(n)d

First Der p 
23-sIgE (y)

First Der p 23-
sIgE (ISU/L)

Peak Der 
p 23-sIgE 
(y)

Peak Der p 23-
sIgE (ISU/L)

AD 
(y) AR (y)

Asthma 
(y)

1 f 1 255 2 13 5.01 20 5.27 - 8–20 -

2 m 1 - 1 20 5.8 - - - 6–20 -

3 m 1 345 1 5 0.9 - - 1–7 6–20 7–13

4 m 1 18 2 13 33.23 13 33.23 - 3–20 -

5e f 1 22 1 13 5.58 - - 1 5–20 9–20

6 f 0 260 3 10 17.22 10 17.22 2–7 13–20 -

7 m 0 - 1 20 3.63 - - - 8–13 -

8 f 1 - 4 5 2.8 10 58.16 1–7 6–13 6–13

9 f 1 238 3 10 16.06 10 16.06 2–6 11–20 -

10 f 1 2790 3 5 4.55 5 4.55 2 11 -

11e m 1 332 1 7 31.16 - 31.16 5–7 5–13 8–13

aData based on test with microarray (ISU/L).
bATP = Parental history of atopy.
cMean D.pt. exposure between 6 and 18 months. Relative content of Der p 1 (ng) per extracted dust (g).
dPos. Sera = sera per subject with sIgE positivity to Der p 23.
eSubject showed no sIgE positivity to Der p 23 when tested with ImmunoCAP 100 kU/L.
fSubject within second control group with sIgE at 20 years = 0.57 kU/L, but no positive sIgE to D.pt. extract.

TA B L E  3 Prevalences of allergic diseases

Never Der p 23-sensitised (n = 94)a Ever Der p 23-sensitised (n = 97)a p-Valueb

AR

Age at onset (year), median (IQR) 6 4–11 6 4–11 .415

Prevalence (%) 75 79.8 88 90.7 .033

Asthma

Age at onset (year), median (IQR) 8.5 7–11 8 7–11 .706

Prevalence (%) 24 25.5 41 42.3 .015

AD

Age at onset (year), median (IQR) 2 1–4 1 1–2 .135

Prevalence (%) 34 36.2 51 52.6 .023

Note: Data were summarised as numbers (n) and frequencies (%) if they were categorical, or median and inter-quartile range (IQR) if they were 
quantitative.
aDer p 23 positivity according to sIgE concentrations measured with microarray (ISU/L).
bChi-square test was used to evaluate the association of categorical data between groups; Mann–Whitney U test was used to compare quantitative 
not normally distributed variables between groups (Shapiro–Wilk test was used to assess normality of data).



8 of 10  |     FORCHERT et al.

F I G U R E  3 Prevalence rates of allergic 
diseases, by age and sIgE sensitisation 
to Der p 23. Prevalence rates were 
estimated by mixed model. 95% CI are 
represented in shaded areas. Der p 23 
sensitisation refers to results obtained 
in the microarray. (A) Prevalence rates 
of asthma differed significantly for 
age (p < .001) and with a significance 
at limits between the groups of Der p 
23-sensitised vs non-sensitised subjects 
(p = .064). In both groups, the prevalence 
of asthma evolved similarly (trend for 
interaction; p = .366). (B) Prevalence rates 
of AR significantly increased with age 
(p < .001). Whereas no significance for the 
prevalence between Der p 23-sensitised 
and non-sensitised subjects could be 
observed (p = .194), prevalence rates 
evolved significantly differently in the two 
groups (p = .035). (C) Prevalence of AD did 
not change significantly over time in both 
groups (p = .148). AD was found more 
often in Der p 23-sensitised subjects than 
in non-sensitised ones (p = .017), while 
the overall evolution was similar in both 
groups (trend for interaction; p = .765)

(A)

(B)

(C)

F I G U R E  4 Prevalence of asthma by time from the detection of positive sIgE to Der p 23 (years). Numbers on the x-axis display the time in 
years from first detection of Der p 23-sIgE, calculated for each subject individually. Bars show the prevalence (%) of asthma in subjects who 
presented at follow-ups. The number of tested subjects is indicated above each bar. Only subjects with data at all time points were included 
for analysis (n = 58). Prevalences were calculated for a range of ±5 years from first positive sIgE to Der p 23. Chi-square test was used for 
comparison of the prevalence of asthma before and after the detection of first sIgE to Der p 23 (p < .001), as visualised by the parentheses
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online repository: Molecular spreading within Group A) influence the 
onset of allergic diseases as described by Posa et al. Regarding AD, 
we assessed another trend: Given that, most frequently, detection of 
sIgE to Der p 23 happened from the age of 5 years onwards and that 
the first onset of AD rarely happened after 4 years, we speculated 
about the possibility of AD as a risk factor of Der p 23 sensitisation 
rather than the other way around.

5  |  LIMITATIONS

Not all subjects were followed at each age and missing values of sub-
jects, especially at the first follow-ups, limited our analyses. We used 
mixed models for statistical analysis to compensate missing values. 
Furthermore, in the Der p 23 monomolecularly sensitised subjects, 
allergic diseases evolved sometimes before the first detection of 
sIgE to Der p 23. Due to missing sera, we often could not tell if the 
subjects were already Der p 23-sensitised at the onset of the allergic 
disease. However, an undetected, earlier sensitisation would have 
reinforced rather than weakened our conclusions. Finally, the 11 
subjects monomolecularly sensitised to Der p 23 presented positive 
sIgE to other allergen sources (i.e. food allergens) whose role in the 
patient's asthma, although unlikely, cannot be excluded.

6  |  CONCLUSIONS

This study is the first to examine in detail the IgE evolution as well 
as molecular and clinical characteristics of Der p 23-sensitised sub-
jects in a birth cohort. The results suggest clinical relevance of the 
sensitisation to the major mite allergen Der p 23 and strengthen the 
role of this molecule as a predictor for mite-related allergic rhinitis 
and asthma.

AUTHOR CONTRIBUTIONS
Leandra Forchert: Data curation (lead); investigation (lead); meth-
odology (lead); visualization (lead); writing – original draft (lead). 
Ekaterina Potapova: Data curation (equal); investigation (supporting); 
methodology (supporting); supervision (equal); validation (equal); 
writing – review and editing (equal). Valentina Panetta: Formal anal-
ysis (supporting); methodology (supporting). Stephanie Dramburg: 
Project administration (equal). Serena Perna: Data curation (equal); 
formal analysis (equal). Daniela Posa: Investigation (equal). Yvonne 
Resch-Marat: Project administration (equal). Christian Lupinek: 
Project administration (equal). Alexander Rohrbach: Formal analysis 
(equal). Linus Grabenhenrich: Project administration (equal). Katja 
Icke: Project administration (supporting). Carl-Peter Bauer: Project 
administration (equal). Ute Hoffmann: Project administration (equal). 
Johannes Forster: Project administration (equal). Fred Zepp: Project 
administration (equal). Antje Schuster: Project administration 
(equal). Ulrich Wahn: Project administration (equal). Thomas Keil: 
Project administration (equal). Susanne Lau: Project administra-
tion (equal). Susanne Vrtala: Project administration (equal). Rudolf 

Valenta: Project administration (equal). Paolo Maria Matricardi: 
Investigation (equal); methodology (equal); project administration 
(equal); supervision (lead); visualization (equal); writing – review and 
editing (lead).

ACKNOWLEDG MENTS
We thank Andreas Reich for data management of the general MAS 
databank and Gabriele Schulz for management of the general MAS 
sera bank. We thank Renate L. Bergmann and Karl B. Bergmann, 
coinitiators of the German MAS birth cohort. Furthermore, we thank 
all families participating since 1990 in the MAS project. Among all 
collaborators, we thank especially M. Götz, P. Fiedler, J. Kuehr and 
M. V. Kopp (Freiburg); D. Schramm and M. Wisbauer (Düsseldorf); 
O. Nitsche, A. Heß, W. Dorsch and W. Kamin (Mainz); M. Paschke 
(Munich); V. Wahn, J. Beschorner, P. Wagner, G. Edenharter, S. Illi, C. 
Grüber, H. Gough, N. Eckers, W. Luck, M. Kulig, A. Dannemann, R. 
Krüger and B. Niggemann (Berlin); and G. Schulz, I. Marenholz and Y. 
Lee-Hübner (laboratories). We thank the ISAAC study group for the 
permission to use several questions validated in the ISAAC project 
for our questionnaires.  Open Access funding enabled and organized 
by Projekt DEAL.

CONFLIC T OF INTERE S T
All authors declared no conflicts of interest.

PEER RE VIE W
The peer review history for this article is available at https://publo​
ns.com/publo​n/10.1111/pai.13829.

ORCID
Linus Grabenhenrich   https://orcid.org/0000-0002-9300-6625 
Susanne Lau   https://orcid.org/0000-0002-5189-4265 
Rudolf Valenta   https://orcid.org/0000-0001-5944-3365 
Paolo Maria Matricardi   https://orcid.org/0000-0001-5485-0324 

R E FE R E N C E S
	 1.	 Calderón MA, Linneberg A, Kleine-Tebbe J, et al. Respiratory al-

lergy caused by house dust mites: what do we really know? J Allergy 
Clin Immunol. 2015;136:38-48.

	 2.	 Sporik R, Holgate ST, Platts-Mills TAE, Cogswell JJ. Exposure to 
house-dust mite allergen (Der p I) and the development of asthma 
in childhood. N Engl J Med. 1990;323:502-507.

	 3.	 Wahn U, Lau S, Bergmann R, et al. Indoor allergen exposure is a risk 
factor for sensitization during the first three years of life. J Allergy 
Clin Immunol. 1997;99:763-769.

	 4.	 Posa D, Perna S, Resch Y, et al. Evolution and predictive value of 
IgE responses toward a comprehensive panel of house dust mite 
allergens during the first 2 decades of life. J Allergy Clin Immunol. 
2017;139:541-549.e8.

	 5.	 Custovic A, Sonntag HJ, Buchan IE, Belgrave D, Simpson A, Prosperi 
MCF. Evolution pathways of IgE responses to grass and mite aller-
gens throughout childhood. J Allergy Clin Immunol. 2015;136:1645-
1652.e8.

	 6.	 Hatzler L, Panetta V, Lau S, et al. Molecular spreading and predic-
tive value of preclinical IgE response to Phleum pratense in children 
with hay fever. J Allergy Clin Immunol. 2012;130:894-901.e5.

https://publons.com/publon/10.1111/pai.13829
https://publons.com/publon/10.1111/pai.13829
https://orcid.org/0000-0002-9300-6625
https://orcid.org/0000-0002-9300-6625
https://orcid.org/0000-0002-5189-4265
https://orcid.org/0000-0002-5189-4265
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0001-5485-0324
https://orcid.org/0000-0001-5485-0324


10 of 10  |     FORCHERT et al.

	 7.	 Resch Y, Michel S, Kabesch M, Lupinek C, Valenta R, Vrtala 
S. Different IgE recognition of mite allergen components in 
asthmatic and nonasthmatic children. J Allergy Clin Immunol. 
2015;136:1083-1091.

	 8.	 Thomas WR. Hierarchy and molecular properties of house dust 
mite allergens. Allergol Int. 2015;64:304-311.

	 9.	 Chapman MD, Platts-Mills TA. Purification and characterization of 
the major allergen from Dermatophagoides pteronyssinus-antigen 
P1. J Immunol. 1980;125:587-592.

	10.	 Heymann PW, Chapman MD, Aalberse RC, Fox JW, Platts-Mills 
TAE. Antigenic and structural analysis of group II allergens (Der f 
II and Der p II) from house dust mites (Dermatophagoides spp). J 
Allergy Clin Immunol. 1989;83:1055-1067.

	11.	 Weghofer M, Grote M, Resch Y, et al. Identification of Der p 23, a 
peritrophin-like protein, as a new major Dermatophagoides pteron-
yssinus allergen associated with the peritrophic matrix of mite fecal 
pellets. J Immunol. 2013;190:3059-3067.

	12.	 Mueller GA, Randall TA, Glesner J, et al. Serological, genomic and 
structural analyses of the major mite allergen Der p 23. Clin Exp 
Allergy. 2016;46:365-376.

	13.	 Eder K, Becker S, Gellrich D, Zieglmayer P, Gröger M. The role of 
Der p 23 sensitization: an analysis of 474 patients sensitized to 
mite. Int Arch Allergy Immunol. 2020;181:689-698.

	14.	 Banerjee S, Weber M, Blatt K, et al. Conversion of Der p 23, a New 
major house dust mite allergen, into a hypoallergenic vaccine. J 
Immunol. 2014;192:4867-4875.

	15.	 Celi G, Brusca I, Scala E, et al. House dust mite allergy in 
Italy—diagnostic and clinical relevance of Der p 23 (and 
of minor allergens): a real-life, multicenter study. Allergy. 
2019;74:1787-1789.

	16.	 Stranzl T, Ipsen H, Christensen LH, et al. Limited impact of Der p 23 
IgE on treatment outcomes in tablet allergy immunotherapy phase 
III study. Allergy. 2021;76:1235-1238.

	17.	 Jiménez-Feijoo R, Pascal M, Moya R, et al. Molecular diagnosis in 
house dust mite—allergic patients suggests that Der p 23 is clini-
cally relevant in asthmatic children. J Investig Allergol Clin Immunol. 
2020;30:127-132.

	18.	 Soh WT, Le Mignon M, Suratannon N, et al. The house dust mite 
major allergen Der p 23 displays O-glycan-independent IgE re-
activities but no chitin-binding activity. Int Arch Allergy Immunol. 
2015;168:150-160.

	19.	 Weghofer M, Thomas WR, Kronqvist M, et al. Variability of IgE re-
activity profiles among European mite allergic patients. Eur J Clin 
Investig. 2008;38:959-965.

	20.	 Hegedus D, Erlandson M, Gillott C, Toprak U. New insights into 
peritrophic matrix synthesis, architecture, and function. Annu Rev 
Entomol. 2009;54:285-302.

	21.	 Lau S, Matricardi PM, Wahn U, Lee YA, Keil T. Allergy and atopy 
from infancy to adulthood: messages from the German birth cohort 
MAS. Ann Allergy Asthma Immunol. 2019;122:25-32.

	22.	 Bergmann RL, Bergmann KE, Lau-Schadensdorf S, et al. Atopic dis-
eases in infancy. The German multicenter atopy study (MAS-90). 
Pediatr Allergy Immunol. 1994;5:19-25.

	23.	 To T, Gershon A, Wang C, Dell S, Cicutto L. Persistence and remis-
sion in childhood asthma: a population-based asthma birth cohort 
study. Arch Pediatr Adolesc Med. 2007;161:1197-1204.

	24.	 Belgrave DCM, Granell R, Turner SW, et al. Lung function trajecto-
ries from pre-school age to adulthood and their associations with 
early life factors: a retrospective analysis of three population-based 
birth cohort studies. Lancet Respir Med. 2018;6:526-534.

	25.	 Hallberg J, Anderson M, Wickman M, Svartengren M. Factors in 
infancy and childhood related to reduced lung function in asth-
matic children: a birth cohort study (BAMSE). Pediatr Pulmonol. 
2010;45:341-348.

	26.	 Gehring U, Wijga AH, Hoek G, et al. Exposure to air pollution and 
development of asthma and rhinoconjunctivitis throughout child-
hood and adolescence: a population-based birth cohort study. 
Lancet Respir Med. 2015;3:933-942.

	27.	 Lau S, Illi S, Sommerfeld C, et al. Early exposure to house-dust mite 
and cat allergens and development of childhood asthma: a cohort 
study. Lancet. 2000;356:1392-1397.

	28.	 Zhu TH, Zhu TR, Tran KA, Sivamani RK, Shi VY. Epithelial barrier 
dysfunctions in atopic dermatitis: a skin–gut–lung model linking 
microbiome alteration and immune dysregulation. Br J Dermatol. 
2018;179:570-581.

	29.	 Matos Semedo F, Dorofeeva Y, Pires A, et al. Der p 23: clinical rele-
vance of molecular monosensitization in house dust mite allergy. J 
Investig Allergol Clin Immunol. 2019;29:314-316.

	30.	 Rodríguez-Domínguez A, Berings M, Rohrbach A, et al. Molecular 
profiling of allergen-specific antibody responses may enhance 
success of specific immunotherapy. J Allergy Clin Immunol. 
2020;146:1097-1108.

	31.	 Chen KW, Zieglmayer P, Zieglmayer R, et al. Selection of house dust 
mite–allergic patients by molecular diagnosis may enhance success 
of specific immunotherapy. J Allergy Clin Immunol. 2019;143:1248-
1252.e12.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Forchert L, Potapova E, Panetta V, 
et al.. Der p 23-specific IgE response throughout childhood and 
its association with allergic disease: A birth cohort study. Pediatr 
Allergy Immunol. 2022;33:e13829. doi: 10.1111/pai.13829

https://doi.org/10.1111/pai.13829

	Der p 23-­specific IgE response throughout childhood and its association with allergic disease: A birth cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design and population
	2.2|IgE assays
	2.3|Statistical analysis

	3|RESULTS
	3.1|IgE sensitisation to Der p 23
	3.2|Risk factors for IgE sensitisation to Der p 23
	3.3|Molecular profiles of ‘ever mite sensitised’ subjects
	3.4|Prevalence, onset and evolution of the sIgE response to Der p 23
	3.5|sIgE to Der p 23 and to D.pt. extract: a quantitative correlation
	3.6|Case series report: Der p 23 monomolecularly sensitised subjects
	3.7|Clinical outcome

	4|DISCUSSION
	4.1|Onset, prevalence and IgE levels over time
	4.2|Early risk factors of sIgE sensitisation to Der p 23
	4.3|Patients with monomolecular sensitisation: biological and clinical implications
	4.4|Clinical relevance

	5|LIMITATIONS
	6|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	PEER REVIEW

	REFERENCES


