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House dust mite allergy in Italy—Diagnostic and clinical 
relevance of Der p 23 (and of minor allergens): A real‐life, 
multicenter study

To the Editor,
House dust mites (HDM) are a major cause of respiratory al‐
lergy and of perennial asthma worldwide. Thirty‐two allergens for 
Dermatophagoides farinae (D2) and 21 for Dermatophagoides pteron‐
yssinus (D1) have been detected so far, and novel allergens are still 
being reported.1 Der p 23, a gut‐derived peritrophin present in the 
outer membrane of mite feces,2 has been recognized as a major aller‐
gen.2,3 Der p 1, Der p 2, Der p 23, and Der p 10 (tropomyosin) are the 
only allergens currently available for the component‐resolved diag‐
nosis of HDM allergy on ImmunoCAP. The clinical relevance of Der p 
23 is only partially defined, and the prevalence and relevance of the 
exclusive sensitization to allergens other than groups 1, 2, 10, and 23 
has received little attention so far. We addressed these aspects in a 
large multicenter study.

Seventeen Italian allergy centers (Figure 1 in Data S1) partici‐
pated in this real‐life, cross‐sectional study. Consecutive HDM‐al‐
lergic patients, diagnosed on the basis of history of perennial rhinitis 
with or without asthma and of positive SPT with commercial ex‐
tracts of either D1 or D2, were enrolled between September 1, 2017, 
and June 30, 2018. Rhinitis and asthma were classified following the 
ARIA4 and GINA5 guidelines, respectively. Patients underwent SPT 
also with commercial extracts of an array of other airborne aller‐
gens (see Data S1). IgE specific for D1, D2, Der p 1, Der p 2, Der 
p 10, and Der p 23 was measured by ImmunoCAP (Thermo‐Fisher 
Scientific, Uppsala, Sweden). Levels  >  0.35  kU/L were considered 
positive. Sera from patients scoring D1/D2‐positive but negative for 
all 4 allergens underwent immunoblot analysis at Lofarma (Milan, 
Italy) (details in Data S1); the 100 kDa allergen recognized by one 
of these patients was characterized by mass spectrometry (details 
in Data S1). Statistical methods as well as ethical issues are detailed 
in the Data S1; probability levels < 5% were considered statistically 
significant.

A total of 519 patients (M/F: 256/263; mean age 28.4  years, 
range 4‐79) were studied; 221 were monosensitized to HDM, while 
298 were co‐sensitized to other airborne allergens. Two hundred and 
ten (40.5%) had asthma. The prevalence of rhinitis and/or asthma 
did not show gender differences although both severe rhinitis and 
moderate/severe asthma prevailed in males. Asthma prevalence was 
similar in the four age groups (0‐19, 20‐39, 40‐59, and 60‐79 years), 
and asthmatic and nonasthmatic patients showed a similar mean 
age. Patients co‐sensitized to other allergens showed a higher preva‐
lence of moderate/severe rhinitis (171/298 [57%] vs 104/221 [47%]; 
P < 0.05) and of asthma of any severity (132/298 [44.3%] vs 78/221 
[35.3]; P < 0.05) than HDM monosensitized ones.

In vitro, 411/457 (89.9%) scored D1/D2‐positive, 16 (3.5%) and 
5 (1.1%) monosensitized to D1 or D2, respectively, and 23 (5%; F/M 
12/11; 9 with asthma; 8 monosensitized to HDM; 1 with shrimp al‐
lergy) both D1‐ and D2‐negative. In positive patients, the median IgE 
level was 38.3 and 44.6 kU/L for D1 and D2, respectively. Rhinitis 
severity did not correlate with IgE levels, while asthma severity did 
(P < 0.0001 for both D1 [Figure 1] and D2). IgE to Der p 1, Der p 
2, Der p 10, and Der p 23 was detected in 58.6%, 67.9%, 11.9%, 
and 59.8% of patients, respectively. Sixty‐seven (12.9%; 53 and 67 
positive for D1 and D2, respectively, 35 with moderate/severe rhi‐
nitis, 23 with asthma, and 3 with shrimp allergy) patients did not 
recognize any molecule, whereas 17 (3.3%), 48 (9.3%), 13 (2.5%), 
and 42 (8.1%) were monosensitized to Der p 1, Der p 2, Der p 10, 
and Der p 23, respectively. Mean IgE levels to Der p 1 (19.5 kU/L) 
and Der p 2 (24.1 kU/L) were significantly higher than IgE to Der p 
23, which were nonetheless substantial (9.7  kU/L; P  <  0.001) (for 
complete data and comparisons, see Table 2 in Data S1). Der p 23 
sensitization prevalence dropped significantly with age, being 73%, 
55%, 49%, and 35% in the four subgroups, respectively; accordingly, 
Der p 23 reactors were younger than negative ones (mean age [SD]: 
25.6 [14.8] vs 32.6 [17.2]; P < 0.0001). Of the 23 D1/D2‐negative pa‐
tients, 12 reacted to one component: Der p 23 in 10 cases and Der p 
2 in 2 cases; none bound more than one component. Sensitization to 

F I G U R E  1   Asthma severity and mean level of IgE to 
Dermatophagoides pteronyssinus. NA, nonasthmatic patients 
[Colorfigure can be viewed at wileyonlinelibrary.com]
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either Der p 1, Der p 2, or Der p 23 prevailed in central and southern 
Italy (P < 0.01), while patients scoring negative for all four molecules 
prevailed in the north (48/240 [20%] vs 19/279 [7%]; P < 0.0005; 
details in Table 2, Data S1). Mean D1 IgE level was strictly related to 
the number of recombinant allergens recognized (P < 0.0001) and to 
the level of IgE to Der p 1 (r = 0.791), Der p 2 (r = 0.83), and Der p 23 
IgE (r = 0.66; P < 0.0001 in all three cases). In patients negative for 
all 4 components studied, mean D1 IgE level was significantly lower 
than in patients reacting to at least 1 molecule (2.91 ± 6.97 kU/L 
vs 25.75  ±  30.47  kU/L; P  <  0.0001). Asthma prevalence did cor‐
relate with the number of recombinant molecules recognized, being 
30.5%‐34.3%, 50.6%, and 64.7% in patients sensitized to <3, 3, or all 
4 molecules, respectively (r: 0.844; P < 0.05). Patients negative for 
all 4 molecules had less asthma than patients sensitized to at least 
1 allergen (23/67 [34.3%] vs 183/452 [40.5%]; P  <  0.01). Further, 
asthma severity also depended on the number allergen compo‐
nents recognized (no asthma < mild < moderate < severe asthma; 
[r = 0.166; P = 0.0001]).

The association between number of molecules recognized 
and asthma was confirmed in patients monosensitized to HDM. 
Asthmatics recognized on average 2.26 molecules vs 1.70 in nonas‐
thmatics (P < 0.005), and the number of components recognized by 
nonasthmatics, patients with mild asthma, or patients with moder‐
ate/severe asthma was 1.79 (SD 1.16), 2.06 (1.14), and 2,58 (0.99), 
respectively (P  <  0.05 for moderate/severe vs mild asthma and 
P < 0.001 for moderate/severe asthmatic vs nonasthmatic patients).

In monosensitized patients, asthma was strongly associated with 
Der p 23 hypersensitivity (58/78 [74%] vs 66/143 [46%]; P < 0.0005; 
[OR: 3.38 at 95% CI]); such association lacked for the other 3 aller‐
gens (Figure 2). Further, asthma severity was associated with Der p 
23 IgE levels (P < 0.0001), which were 3.9 kU/L (SD 9.5), 5.9 kU/L 
(10.4), 11.0 (17.1), and 17.8 (20.3) in nonasthmatic patients, and pa‐
tients with slight, moderate, or severe persistent asthma, respec‐
tively. On immunoblot (performed using all 27 available sera out of 
67 patients who did not react to any component), most sera reacted 

to high mw HDM allergens ranging between 80 and 220 kDa (Figure 
in Data S1); the allergen detected by LC‐MS‐MS in one single patient 
was identified as paramyosin (mw, about 100 kDa).

This study shows that asthma prevails in multisensitized patients 
suggesting an increased inflammation of lower airways in this sub‐
population. Further, it confirms that asthma prevalence and severity 
depend on the number of HDM molecules recognized.6,7 The higher 
severity of rhinitis and asthma in males needs further investigation. In 
vitro studies show that measuring both D1 and D2 IgE is needed to 
diagnose HDM allergy, as 5% are monosensitized. However, D1/D2‐
negative patients are often Der p 23 reactors confirming that Der p 
23 is underrepresented in HDM extracts.9 Further, HDM allergy diag‐
nosis cannot rely on the current panel of components only as 13% of 
patients react to currently unavailable high mw allergens, one of them 
being the muscle protein, paramyosin, as previously observed.10 Der p 
23 is a major allergen, is clearly associated with asthma and its preva‐
lence drops with age; long‐term, follow‐up studies in young HDM‐al‐
lergic patients will clarify whether sensitization is lost with age or if 
Der p 23 is a novel allergen that has become relevant in recent years.
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ONLINE SUPPLEMENTARY MATERIAL

METHODS

SKIN TESTS

Along with HDM, in order to properly classify the atopic status of the enrolled subjects, patients

underwent skin prick tests (SPT) with a large series of commercial extracts of both seasonal and

perennial airborne allergens including, grass, ragweed, mugwort, pellitory, plantain, birch, plane,

olive, cypress, Alternaria tenuis, Aspergillus spp, Cladosporium herbarum, and animal dander (dog

and cat). The single centers were left free to use the commercial extracts routinely employed in

their everyday clinical activity (either Allergopharma, Reinbeck Germany; Hal Allergy, Rome Italy;

ALK-Abellò, Lainate, Italy; Stallergenes, Anthony France; or Lofarma, Milano, Italy). All SPTs were

carried out on the volar side of the forearm using disposable prick lancets (ALK-Abello). SPTs with

saline and histamine 10 mg/ml were used as negative and positive control, respectively. Readings

were taken at 15 min; wheals with a mean diameter > 3 mm were considered positive [1].

IMMUNOBLOT ANALYSIS

The sera from patients scoring positive on ImmunoCAP with HDM extracts but not reacting to any

of the 4 recombinant allergens left after performing the routine in-vitro analyses reported above,

were used to carry out an immunoblot analysis in order to detect the relevant allergens

recognized by IgE of such individual patients. The immunoblot analysis was centralized at Lofarma

laboratories, Milan Italy.

Mite extract was prepared from a culture of D. pteronyssinus mites (Lofarma, Milan, Italy)

previously defatted and submitted to an extraction in 0.1M phosphate-buffered saline, pH 7.4

(PBS) by shaking for 16 hours at 4 °C. The suspensions were centrifuged at 30000 g for 30 min at

4°C and corresponding supernatant filtered through a 0.45 µm filter. Protein content of sample

was measured according to Bradford (2) by Bio Rad method (Bio Rad, Milan, Italy), and the content



was 1.2 mg/ml. Electrophoresis of mite extract (20 µg/lane) was carried out in a 4-12%

polyacrilamide precast Nupage Bis-Tris gel with MES buffer according to manufacturer’s

instructions (Invitrogen, Milan, Italy) at 180 mA for 1 h. The resolved proteins were transferred for

1 h onto a nitrocellulose membrane according to Towbin et al (3). The membrane was saturated

with 0.1 mol/L tris-buffered saline containing 5% fat-free milk powder (saturation buffer) and

incubated for 16 h at 4°C with serum (1:8 in saturation buffer). After 3 washings, bound specific

IgE were detected by peroxidase-conjugated anti-human IgE antibodies from goat (1:15000 in

saturation buffer Biospacific, Emeryville, CA, USA) and using an ECL western blotting kit

(Amersham, Milan, Italy) as substrate.

IDENTIFICATION OF ONE HIGH M.W. ALLERGEN BY MASS SPECTROMETRY

One patient that did not react to any of the 4 recombinant allergens showed IgE reactivity against

one single band at about 100 kDa m.w. on immunoblot analysis. This allergen was characterized by

mass spectrometry. The protein band was excised from SDS gel and incubated overnight at 37° C

with trypsin (Sigma, St Louis, MO). The digested proteins underwent then mass spectrometry on a

triple quadrupole LC-MS-MS (Thermo Fisher Waltham, Massachusetts, USA). The peptides were

fractionated on a C18 PepMap 100 column (3 mm, 100 A 1; LC Packings, Dionex, Sunnyvale, CA) in

an acetonitrile solvent with a 5–80%   gradient. The mass spectra were recorded in the

mass/charge range of 300–3,000. Data files obtained from LC-MS-MS were converted into peaklist

using ProteinLynx Browser version 2.2.5. The Mascot search software (Matrix Science, London,UK)

subsequently  identified proteins from existing databases,  including in the  search setting  a

missed cleavage site value of three, carboxymethylation of cysteine and variable oxidation of

methionine, histidine, and tryptophan. Protein matches with scores >50 indicated relevant identity

to known proteins (P <0·05).



STATISTICS

Data analysis was carried out by the statistical software pack R Core Team 2018 (R Foundation for

Statistical Computing; Vienna, Austria). Proportions were compared by the chi-square test with

Yates’ correction and exact chi-square test. Means were compared by the 2-tailed Student’s t test,

the Welch Two Sample t-test, and analysis of variance (ANOVA). Correlations were assessed by

Pearson’s r-correlations test. Probability levels < 5% were considered statistically significant.

ETHICAL ISSUES

The clinical part of the study as well as specific IgE measurement were carried out as part of the

clinical routine of every participating center. For the immunoblot analysis, anonymized serum

samples left after the completion of routine specific IgE measurements were used. Patients gave

an informed consent to the use of their clinical data and serum left in an anonymous form. The

study was approved by the internal review board of the leading center. In view of the essentially

observational nature of the study a formal approval by an external ethical committee was not

requested.



RESULTS

Of 5 patients that scored positive for D2 only, 1 reacted to Der p 23 (1.22 kU/L) and 2 to Der p 2

(3.93 kU/L and 0.94 kU/L, respectively).
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Figure 1



Table 1: Comparison between IgE levels to the 3 main mite components

COMPONENTS MEAN TITRES (kU/L) SD
Der p 23 9,74 14,57
Der p 1 19,47 25,56
Der p 2 24,13 28,70

Der p 2 vs Der p 23 p<0,001; Der p 1 vs Der p 23 p<0,001; Der p 2 vs Der p 1 p<0,05



Table 2: Characteristics of patients in participating centers

No.
CENTERS

SITE No.
Patients

No.
Asthmatics

Der p 1 Der p 2 Der p 10 Der p 23 Der p neg

3 MILAN 63 25 27 34 11 21 19
3 ROME 104 40 62 82 12 71 5
2 PALERMO 101 41 62 71 4 66 5
1 PORDENONE 59 26 41 39 1 48 3
1 BERGAMO 30 25 16 19 1 8 8
1 BOLOGNA 50 25 25 31 2 27 13
1 RIMINI 14 7 5 8 3 7 2
1 FAENZA 24 5 14 18 2 13 3
1 AVEZZANO 18 0 10 11 0 11 2
1 CATANZARO 27 6 19 19 1 17 4
1 SCILLA 19 4 16 14 0 17 1
1 LECCE 10 6 7 6 1 4 2



Figure 2

Legends to figures:

Figure 1: Geographic distribution of participating centers.

Figure 2. Immunoblot analysis of sera from HDM allergic patients not reactive to any of the
four commercially available recombinant molecules. Lanes 1-27: patients’ sera. Lane 28:
negative control serum (atopic patient sensitized to grass pollen). Most patients show IgE
reactivity against high molecular weight allergens. The control serum does not show any IgE
reactivity to HDM extract.
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