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Summary 

Background: In China, house dust mites are 

important inducers of allergic disease. The 

importance of allergens from storage mites is less 

well known.  

Objective: The aim of this study is to access the 

prevalence of house dust mite and storage mite 

sensitization and investigate the IgE cross-

reactivity between house dust mite and storage 

mite.  

Method: The skin prick test (SPT) and specific 

IgE against the mite species D. pteronyssinus, D. 

farinae, B. tropicalis, Lepidoglyphus destructor, 

Glycyphagus domesticus, Tyrophagus putrescentiae 

and Acarus siro were measured. Included were 

412 patients with asthma and/or rhinitis for SPT, 

244 for specific IgE and 29 sera for IgE inhibition 

studies.  

Results: The positive SPT prevalence for D. 

pteronyssinus was 80.3% and for D. farinae 

83.7%. The specific IgE prevalence for D. 

pteronyssinus was 61.1% and for D. farinae 

60.2%. The storage mite species, B. tropicalis and 

T. putrescentiae had the highest positive SPT 

prevalence, 66% and 63%, respectively. The 

specific IgE prevalence was highest for B. 

tropicalis and G. domesticus, 41% and 37%, 

respectively. Both SPT and specific IgE levels 

were much higher for house dust mites compared

to storage mites. Inhibition measurements 

showed that none of the storage mites could fully 

inhibit the specific IgE against D. pteronyssinus. 

Only in half of the sera could D. pteronyssinus 

fully inhibit the IgE against L. destructor and G. 

domesticus while inhibition of the other storage 

mites were much lower. Nearly all the specific 

IgE against storage mites could be inhibited by 

the other storage mites, though B. tropicalis 

showed a slightly different pattern from the other 

storage mites.  

Conclusion: IgE reactivity against storage mites 

in Chinese patients is due to both storage mite 

specific IgE and due to IgE mediated cross-

reactivity to D. pteronyssinus. (Asian Pac J Allergy 

Immunol 2012;30:294-300) 

Key words: SPT, serum specific IgE, inhibition 

experiment, cross-reactivity, house dust mite, 
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Introduction 

In China, allergens of the house dust mites 

Dermatophagoides pteronyssinus (DPt) and D. 

farinae (DF) are the most important inducers of 

allergic asthma and rhinitis. The recently performed 

Chinese skin prick (SPT) prevalence CARRAD 

study showed that 59.0% and 57.6% of Chinese 

patients are sensitized to DPt and DF, respectively.
1
 

The CARRAD SPT study included the mite Blomia 

tropicalis (BT) and revealed an overall sensitization 

prevalence of 40.7% making BT the allergen source 

with the third highest positive SPT prevalence in the 

CARRAD study. The mite genera Blomia, 

Lepidoglyphus, and Glycyphagus belong to the 

Glycyphagidae family which, together with the 

Acaridae family (Tyrophagus and Acarus genera), 

are collectively called storage mites. Storage mites 

are present in both rural and urban environments, 

especially in regions with damp housing conditions
2-

4
 and house dust mites and storage mites are known 

to co-exist.
5-6

 Sensitization and allergic symptoms 

towards storage mite have been reported from many 
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different parts of the world.
3,7-11

 However, the 

prevalence of storage mite sensitization and 

exposure in China is to a large extent unknown. The 

major B. tropicalis allergen Blo t 5 has been 

detected in household dust samples from Hong 

Kong
12

 but Blo t 5 could not be detected in dust 

samples from Guangzhou, a city in close vicinity to 

Hong Kong.
13

 B. tropicalis has only been found in 

the tropical and subtropical regions of the world
14-15

 

and the relatively high level of BT sensitization in 

temperate climate regions of China, as detected by 

the CARRAD, needs further investigation. For 

effective mite allergen specific immunotherapy it is 

important to distinguish between house dust and 

storage mite dual sensitization and, apparent 

sensitization due to IgE mediated cross-reactivity.  

In this study, the skin reactivity and prevalence 

of specific IgE sensitization against seven mite 

species was investigated in allergic patients from 

southern China. The mites included were Acarus 

siro (AS), Lepidoglyphus destructor (LD), Tyrophagus 

putrescentiae (TP), and Glycyphagus domesticus 

(GD) as well as DPt, DF, and BT.  In addition, 

specific IgE inhibition was used to address IgE 

mediated cross-reactivity between house dust mite 

DPt and storage mites and between the different 

storage mite species. 

Methods 

Subjects 

Patients visiting the outpatient clinic of 

Guangzhou Institute for Respiratory Diseases, 

Guangzhou, with a clinical diagnosis of allergic 

asthma and/or allergic rhinitis were asked to take 

part in the study. The study included 412 patients. 

The mean age was 29 years (range 5-72 year), and 

there were 217 males and 195 females. Of the 412 

patients, 244 patients also donated blood samples for 

the study and the sera were stored at -18ºC until 

measurements could be carried out. 

The study was approved by the local ethical 

committee and informed consent was obtained from 

every individual participating in the study and from 

parents or guardians of pediatric patients. 

Skin prick test 

All 412 patients were skin prick tested 

(Soluprick, ALK, Madrid, Spain) with house dust 

mites DPt and DF and storage mites species BT,  

AS, TP, LD and GD, in addition to positive and 

negative controls. The SPT result was considered 

positive when the diameter of the wheal was 3 mm 

larger than that of the negative control. The SPT 

class ranking is according to the value of skin index 

(SI), the ratio of the allergen wheal size and 

histamine wheal size. (Class 0: SI = 0, Class 1: SI < 

0.5, Class 2: 0.5 ≤ SI < 1, Class 3: 1 ≤ SI < 2, Class 

4: SI ≥ 2.) 

Specific IgE test 

Allergen specific IgE was measured in kU/L in 

serum on the ADVIA Centaur® immunoassay 

system (Bayer Healthcare LLC, Tarrytown New 

York, USA) which is a reverse sandwich immuno-

assay using direct chemo-luminescent technology. In 

brief, the test uses PMP (Paramagnetic particles) 

bound antihuman IgE (ALK-Abello A/S, Hørsholm, 

Denmark) as the first layer. IgE in serum is captured 

and non-IgE washed away. Biotinylated allergen 

(ALK-Abello A/S, Hørsholm, Denmark) was added 

in excess and bound to the allergen-specific IgE 

antibody captured in the solid phase. The conjugate 

acridinium ester-labeled streptavidin bound to the 

biotin-labeled allergen and produced a flash when 

changing pH; the luminescence was then read with a 

luminometer. A direct relationship exists between 

the amount of allergen-specific IgE present in the 

sample and the number of relative light units 

detected by the system. The concentration of sIgE 

(kU/L) was calculated by the system. The specific 

IgE result was considered positive when ≥ 0.35 

kU/L. Results measured as > 100 kU/L were for 

statistical purposes given the value 101 kU/L. The 

specific IgE allergy class was ranked as: Class 0 < 

0.35 kU/L, Class 1 ≥ 0.35 – 0.70 kU/L, Class 2 ≥ 

0.70 – 3.5 kU/L, Class 3 ≥ 3.5 – 17.5 kU/L, Class 4 

≥ 17.5 – 50 kU/L, Class 5 ≥ 50 – 100 kU/L, Class 6 

≥ 100 kU/L. 

Of the 412 patients included in the study, 244 

subjects donated blood for specific IgE measurements.  

All 244 sera were tested for specific IgE against 

house dust mites DPt and DF and storage mite 

species BT, AS, TP, LD and GD (except only 235 

sera for BT).  

Allergen specific IgE inhibition experiments 

Allergen freezed-dried extracts from DPt, BT, 

AS, TP, LD and GD (provided by ALK-Abello A/S) 

were used as inhibitors in IgE inhibition 

experiments. Twenty-nine of the collected sera had 

sufficient volume and sufficiently high specific IgE 

levels (> 3 kU/L) to allow inhibition experiments. 

The specific IgE inhibition was performed using the 

ADVIA Centaur® immunoassay system. In contrast 

to specific IgE tests, non-labeled inhibitor extract is 

added to biotinylated allergen to make the final 
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inhibitor concentration 1 mg/ml, which is a 

concentration at which the extract will fully inhibit 

binding of the same biotinylated extract to serum 

IgE, allowing the competition between non-labeled 

inhibitor allergen (or buffer) and biotinylated 

allergen during the measurement of specific IgE. 

The IgE response in relative light units (RLU) was 

used to calculate the Inhibitory capacity (% I). % I = 

[(specific IgE RLU with buffer) – (specific IgE RLU 

with inhibitor)] * 100 / [(specific IgE RLU with 

buffer)-(specific IgE RLU with IgE free serum)]. 

Results ≤ 9% inhibition were considered to be no 

inhibition and results ≥ 91% were considered to be 

total inhibition. Results 10 – 90% were considered 

to be partial inhibition.                                                                  

Results 

Patient characteristics 

The characteristics of the patients included are 

shown in Table 1. The three groups: the SPT, the 

specific IgE and the specific IgE inhibition group 

are compared in relationship to the distributions of 

their ages (children and adults), genders (male and 

female), and symptoms (rhinitis, asthma and asthma 

+ rhinitis). The three groups have a similar 

distribution for ages and symptoms. The SPT and 

specific IgE groups also have a similar distribution 

of gender; while the inhibition group has fewer 

female child patients. 

Table 1. Subject characteristics 
 SPT 

(n=412) 
Specific 

IgE 

(n=244) 

Specific 
IgE 

inhibition 

(n=29) 

Children (≤14 years of 

age), n (%) 

121 (29.4) 45 (18.3) 8 (27.6) 

Age, median (range) 8 (5-14) 9 (5-14) 10 (6-14) 

Male/Female 75/46 26/18 8/0 
Adults (>14 years of 

age), n (%) 

291 (70.6) 201 (81.7) 21 (72.4) 

Age, median (range) 36 (15-72) 36 (15-66) 32 (15-58) 

Male/Female 142/149 100/101 8/13 
Number of subjects 

with Rh1, n (%) 

   

Children 41 (33.9) 5 (11.1) 3 (37.5) 

Adults 125 (43) 44 (21.9) 7 (33.3) 

Number of subjects 
with As2, n (%) 

   

Children 21 (17.4) 13 (28.9) 0 (0) 

Adults 52 (17.9) 72 (35.8) 1 (4.8) 
Number of subjects 

with As+Rh3, n (%) 

   

Children 59 (48.8) 27 (60.0) 5 (62.5) 
Adults 114 (39.2) 85 (42.3) 13 (61.9) 

1Rh: Patients with rhinitis symptoms. 

2As: Patients with asthma symptoms. 

3As+Rh: Patients with both asthma and rhinitis symptoms. 

Table 2. Frequencies of positive results for SPT and 
specific IgE 

Group DPt DF BT AS LD TP GD 

SPT 

(n=412) 
80.3% 83.7% 66.3% 46.4% 48.1% 62.6% 39.8% 

SPT 

(n=244)1 78.7% 82.0% 66.8% 46.7% 46.7% 61.1% 39.3% 

Specific 
IgE 

(n=244)1 

61.1% 60.2% 41.3% 24.2% 25.4% 24.6% 36.9% 

1Subgroup of 244 patients tested with both SPT and specific IgE. 

Positive SPT = the diameter of the wheal was 3 mm larger than the 

negative control. 

Positive specific IgE ≥ 0.35 kU/L 

 

Prevalence of sensitization 

Table 2 shows the prevalence of positive mite 

SPTs and specific IgE among all patients (n=412) 

and in addition, skin reactivity and positive specific 

IgE reactivity among the patients donating blood 

samples for specific IgE testing (n=244).  

House dust mites DPt and DF show similar and 

relatively high prevalence for both SPT sensitiza-

tions, DPt 80.3% and DF 83.7%, and for specific 

IgE sensitization, DPt 61.1% and DF 60.2%.  

For the storage mite species, BT and TP had the 

highest SPT prevalence, 66% and 63%, respectively, 

whereas the specific IgE prevalence was highest for 

BT and GD, 41% and 37%, respectively.  

There is no difference in the SPT positive rates 

between the whole group (n = 412) and the subgroup 

undergoing specific IgE measurements (n = 244).  

Table 3 shows SPT and specific IgE sensitization 

to different combinations of mite species. Patients 

sensitized to both house dust and storage mites make 

up the largest group with SPT and specific IgE 

prevalences of 73.8% and 48%, respectively. The 

prevalence of patients sensitized to house dust mite 

without storage mite sensitization was 13% according to 

SPT and 14% according to specific IgE. Only 1.5% 

 

Table 3. Sensitization to different mite combinations  

  HDM+SM+ HDM+SM- HDM-SM+ HDM-SM- 

SPT (n=412) 73.8% 12.6% 1.5% 12.1% 

Specific 
IgE (n=244) 

48.4% 14.3% 13.9% 23.4% 

HDM+ / SM+ mean number of positive results for House Dust 

Mites/Storage Mites.  

HDM-/SM- mean number of negative results for House Dust 

Mites/Storage Mites . 

Positive SPT  =  the diameter of the wheal was 3 mm larger than the 

negative control. 

Positive specific IgE ≥ 0.35 kU/L 
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of the patients were sensitized to storage mites 

without house dust mite sensitization, as judged by 

SPT, and 14% according to specific IgE. 

Comparing the results by Spearman ranking 

showed a significant correlation among all the mites 

with P <0.0001 both for SPT and for specific IgE. 

Levels of sensitization 

Figure 1 and Figure 2, show the levels of mite 

SPT and specific IgE sensitizations, respectively. 

For the patients with positive SPT results, the house 

dust mite SPT results are mainly of class 3 and 4, 

while the SPT results for storage mites are mainly of 

class 2. Similarly, for the patients with positive 

specific IgE sensitization, the distribution  for house 

dust mite IgE levels was mainly of class 4, 5 and 6, 

while storage mite specific IgE levels were mainly 

of class 2 and 3 with no or very few sera of class 4 

and above. 

Specific IgE inhibition 

The levels of specific IgE for the 29 sera used in 

IgE inhibition experiments are shown in Table 4. 

For almost all subjects the levels of DPt kU/L are 

much higher compared to the storage mite species. 

Figure 3 shows the percentage inhibition of IgE 

against the tested mite species after inhibition with 

the other five mite species, respectively. Inhibition 

is the result of serum IgE recognizing allergens 

present in both the tested mite species and in the 

inhibiting mite species (cross-reactivity). No 

inhibition indicates lack of cross-reactive serum IgE.  

From Figure 3, panel A, it can be seen that none 

of the storage mites species could fully inhibit serum 

IgE against DPt, whereas DPt could fully or 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Classes of SPT for 412 patients. For each 
species the percentage included in each class 0 – 4 of SPT 
results is given. 
 

partially inhibit serum IgE against storage mite 

species LD and GD in all the sera tested (Figure 3, 

panel E and F). However, for almost all sera tested, 

Dptcould only partially inhibit IgE against BT, AS 

and TP (Figure 3, panels B-D). The storage mite 

species, AS, TP, LD and GD, could to a very high 

degree fully inhibit each other, indicating the 

presence of cross-reacting serum IgE (Figure 3, 

panels C-F). However, BT shows a somewhat 

different inhibition pattern compared to the other 

storage mites. BT as inhibitor could fully inhibit 

serum IgE against AS and TP in all sera tested 

(Figure 3, panel C and D), whereas full inhibition of 

GD and LD occurred to a lesser extent (Figure 3, 

panel E and F). When AS, TP, LD or GD were used 

as inhibitors for measuring BT specific IgE, only AS 

and TP showed full inhibition in 60% of the tested 

sera (Figure 3, panel B). In contrast, only a very 

small fraction of sera showed full inhibition of IgE 

against BT when LD and GD were used as inhibitor 

(Figure 3, panel B). 

Discussion 

In this study, the prevalence of SPT and specific 

IgE sensitization against house dust and storage 

mites were tested in 422 allergic patients originating 

from southern China. In agreement with Li et al.
1
 

relatively high levels of house dust mite DPt and DF 

SPT sensitizations (>80%) were detected. In addition, 

there were significant levels of SPT sensitizations 

against storage mite, as high as 66% and 63% for 

BT and TP, respectively.  A high prevalence of mite 

specific IgE sensitization was also evident among 

the subjects; about 60% for house dust mites  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 Classes of specific IgE for 244 patients. For each 
species the percentage included in each class 0 – 6 of 
specific IgE results is given. 
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and between 24 - 42% for the different storage mite 

species BT, AS, TP, LD, GD. In general, the mite 

specific IgE prevalence was lower compared to the 

SPT prevalence, however, such differences between 

SPT and specific IgE prevalence results are not 

unusual.
16-18

 

Most of the patients were apparently sensitized to 

both house dust mites and storage mites; 73.8% as 

judged by SPT and 48.4% according to specific IgE. 

However all patients had much higher SPT skin 

index values and higher kU/L specific IgE values for 

house dust mite compared to storage mites.  This 

relatively lower level of storage mite sensitization 

could be due to low exposure to storage mite 

allergens and/or IgE mediated cross-reactivity 

towards house dust mite allergens. The content and 

composition of storage mite allergens in house hold 

dust from southern China is at present not known. 

However it is not likely that storage mites will be 

among the most abundant species since house dust 

mites always seems to dominate the indoor 

environment
19

 and very high levels of house dust 

mite group allergens have been detected in house 

hold dust from Guangzhou.
13

  

To address the influence of IgE mediated cross-

reactivity, we conducted IgE inhibition experiments 

in which the binding of patient serum IgE to allergens in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

different species-specific mite extracts was inhibited 

after pre-incubation of sera with a single mite 

allergen extract.   

The IgE inhibition experiments showed that there 

is a very high degree of IgE mediated cross-

reactivity among the different storage mite species, 

including BT. Cross-reactivity among storage mites 

has been reported before
8,16,20-21

 and can in parts 

explain the high prevalence of BT skin reactivity 

observed in regions of China with unfavorable 

growth conditions for BT mites as reported by Li et 

al.
1
   

In addition, the IgE inhibition experiments also 

showed limited cross-reactivity between BT and 

DPt, since although 50% of sera tested had IgE 

specific for BT not cross-reacting with DPt 

allergens, the other 50% of sera contained BT IgE 

cross-reacting with DPt. Thus, the high prevalence 

of SPT BT observed in the in CARRAD SPT study
1
 

can be explained by a combination of reactivity to 

another storage mite species and cross-reactivity 

towards DPt. Skin test reactivity to BT in DPt 

patients not exposed to BT has also been reported 

previously
22

 and a limited amount of IgE mediated 

cross-reactivity between house dust mites and BT 

has been reported.
14,23-27

  

Figure 3. Inhibition pattern between D. pteronyssinus (Dpt), D. farina (DF), B. tropicalis (BT), A. siro (AS), L. 
destructor (LD), T. putrescentiae (TP) and G. domesticus (GD). 
Panels A-F show the % Inhibition of DPt, BT, AS, LD, TP and GD respectively, after inhibition by the other mite 
species. Each symbol represents one serum. The median level of % Inhibition is shown as a line for each group. 
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Table 4. Specific IgE (kU/L) values for 29 sera used in 
IgE inhibition experiments 

Sample DPt BT AS LD TP GD 

Sam 1 <0.35 19.5 5.1 <0.35 2.0 <0.35 

Sam 2 27.0 34.7 19.6 6.6 14.6 2.5 

Sam 3 124.3 11.1 4.7 1.3 4.8 1.7 

Sam 4 174.3 28.3 17.8 4.6 12.5 1.9 

Sam 5 551.8 21.4 3.3 2.0 2.0 1.2 

Sam 6 163.8 24.9 10.0 3.6 7.7 1.5 

Sam 7 437.0 19.9 5.6 0.58 4.6 4.5 

Sam 8 316.5 24.4 <0.35 3.5 <0.35 <0.35 

Sam 9 54.2 42.6 21.1 10.7 16.6 3.1 

Sam 10 5.1 12.3 3.3 1.0 3.4 0.89 

Sam 11 185.7 25.3 <0.35 5.4 <0.35 1.6 

Sam 12 457.7 5.6 1.1 3.0 2.3 1.0 

Sam 13 <0.35 7.0 5.7 1.6 3.3 1.2 

Sam 14 289.9 17.3 3.4 2.5 2.4 <0.35 

Sam 15 185.9 9.5 <0.35 <0.35 <0.35 0.37 

Sam 16 41.1 23.0 12.6 2.9 8.9 1.2 

Sam 17 309.1 86.1 40.8 20.5 26.4 11.1 

Sam 18 87.8 9.2 6.9 1.5 5.4 0.44 

Sam 19 69.6 13.5 9.5 2.5 7.1 1.0 

Sam 20 427.1 27.7 0.46 0.55 <0.35 <0.35 

Sam 21 462.5 14.3 7.3 5.7 7.1 3.6 

Sam 22 226.9 11.8 1.11 0.55 0.68 <0.35 

Sam 23 25.8 91.6 1.4 1.3 <0.35 9.5 

Sam 24 149.1 12.8 3.7 1.3 2.2 0.53 

Sam 25 99.0 4.5 <0.35 0.64 0.59 4.0 

Sam 26 49.1 5.0 1.3 <0.35 0.74 <0.35 

Sam 27 137.7 40.2 0.97 1.3 0.83 0.91 

Sam 28 51.0 47.6 6.9 0.64 6.1 1.7 

Sam 29 76.1 28.6 9.3 2.9 6.8 0.82 

 

The IgE inhibition experiments also showed 

limited cross-reactivity between DPt and the storage 

mite species AS, TP, LD and GD which could, in 

parts, explain the relatively low levels of AS, TP, 

LD and GD specific IgE kU/L detected among the 

patients. However, the existence of a genuine 

storage mite sensitization is indicated by the fact 

that 50% of sera contain IgE specific for storage 

mites AS and TP not cross-reacting with DPt. In the 

absence of any indoor exposure data for storage 

mites and the observed large degree of storage mite 

IgE cross-reactivity it is at present not possible to 

identify or even verify the presence of a primary 

sensitizing storage mite species. 

Many research groups have, during the last 25 

years, investigated the similarity or dissimilarity 

between house dust and storage mite allergens using 

mite extracts, purified allergens or recombinant 

allergens. Griffin et al.
5
 showed the occurrence of 

dual sensitization to house dust mites and storage 

mite, as well as allergenic cross-reactivity in 

different allergic subjects. Van der Heide et al
6
 

reported that co-sensitization to storage mites is 

frequently found in patients sensitized to DPt and 

Johansson et al.
8
 showed by immunoblotting and 

immunoblot inhibition that IgE against different 

allergens in DPt, AS, TP and LD has different 

abilities to be inhibited by extract from different 

species.  Arias-Irigoyen et al.
16

 showed limited IgE 

mediated cross-reactivity in RAST inhibition 

experiments between DPt and GD in patients 

exposed to both species. GD and LD could inhibit 

each other to a very high degree, while TP could 

only partially inhibit both GD and LD. The general 

finding is that there is some IgE cross-reactivity 

between house dust and storage mites mainly in the 

major allergen group 2.
16,21

 This is consistent with 

our data showing a high degree of IgE cross-

reactivity among the different storage mites but also 

the existence of storage mite specific IgE indicating 

independent sensitization towards storage mites in 

patients also sensitized to house dust mites. 

The main conclusion from this study is that the 

measured skin and specific IgE reactivity against 

storage mites in patients from southern China is due 

to both storage mite specific IgE and due to IgE 

mediated cross-reactivity to DPt. Some patients 

appear to be independently sensitized to both house 

dust and storage mite， requiring storage mite 

specific reagents for proper clinical diagnosis. The 

level of storage mite exposure and clinical relevance 

in China needs to be further investigated. 
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