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Abstract: Accumulation of acaroid mites in the filters of air-conditioners is harmful to human health. It is important 
to clarify the allergen components of mites from the filters of local air-conditioning system. The present study was to 
detect the allergen types in the filters of air-conditioners and assesse their allergenicity by asthmatic models. Sixty 
aliquots of dust samples were collected from air conditioning filters in civil houses in Wuhu area. Total protein was 
extracted from the dust samples using PBS and quantified by Bradford method. Allergens I and II were also detected 
by Western blot using primary antibody (anti-Der f1/2, Der p1/Der f2/Der p2, respectively). Ten aliquots of the posi-
tive samples were randomly selected for homogenization and sensitized the mice for developing asthmatic animal 
models. Total serum IgE level and IFN-γ, IL-4 and IL-5 in the bronchoalveolar lavage fluid (BALF). The allergenicity of 
the extraction was assessed using pathological sections developed from the mouse pulmonary tissues. The concen-
tration of extract from the 60 samples was ranged from 4.37 µg/ml to 30.76 µg/ml. After analyzing with Western 
blot, 31 of 60 samples were positive for 4 allergens of acaroid mites, and yet 16 were negative. The levels of total 
IgE from serum IL-4 and IL-5 from the BALF in the experimental group were apparently higher than that of negative 
control and PBS group (P < 0.01), but there were no statistical difference compared to OVA group (P > 0.05). How-
ever, the IFN-γ level in BALF was lower compared with the negative control and PBS group (P < 0.05) but with the 
OVA group (P > 0.05). The pathological changes were evidently emerged in pulmonary tissues, which were similar 
to those of OVA group, compared with the PBS ground and negative controls. The air-conditioner filters in human 
dwellings of Wuhu area potentially contain the major group allergen 1 and 2 from D. farinae and D. pteronyssinus, 
which may be associated with seasonal prevalence of allergic disorders in this area.
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Introduction

Allergic asthma is a frequent clinical entity, 
which is sharply increase by its prevalence and 
morbidity [1-3]. However, the pathogenesis of 
allergic asthma is so intricate due to the pro-
duction of specific IgE as a result of the active 
response of body immune system to allergen 
exposure of the individual in his/her living sur-
roundings, chronic airway inflammation through 
eosinophil and neutrophil recruitment, and 
variable airflow obstruction with airway hyper 
responsiveness [4] as well as the association 
of the un-equivalent presence of Th1 and Th2 
resulted from type 2 cytokine domination [5]. 
Individual attack of asthma is primarily associ-
ated with exposure to certain allergens. 
However, acaroid mite allergen is one of the 

most important allergens leadings to asthma or 
allergic disorders [6, 7]. 

Wuhu (119°21’E/31°20’N) lies in the south-
east of Anhui Province, China. It is character-
ized by pleasant temperature, rich rainfall and 
distinct seasons and superior to breed acaroid 
mites. The air-conditioning equipments used 
widely are helpful to accumulate the feces and 
remains of acaroid mites, which are harmful to 
human health [8-10]. In this study, we investi-
gated the types of allergens in the filters of air-
conditioners and analyzed their allergenicity. 
60 samples were collected from the filters of 
the air-conditioning system in civil houses in 
Wuhu area, the allergens from major group 1 
and/or 2 of acaroid mites were detected with 
Western blot, and determined tentatively the 
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allergenicity by asthmatic mouse models to 
supply basis for prevention and therapy of the 
allergic disorders. 

Materials and methods

Animals

Female BALB/c mice (6 weeks of age) were pur-
chased from the Center for Comparative 
Medicine, Yangzhou University (License No.: 
SCXK 2007-0001) and provided with food and 
water ad libitum under specific-pathogens free 
conditions. All procedures were approved by 
the Research Ethics Board of Wannan Medical 
College. 

Sample collection: Sixty samples were collect-
ed randomly from the air-conditioner filters in 
living rooms or bedrooms of the civil houses in 
Wuhu City between June and August of 2012, 
which were consent by the owners. The dust 
samples were treated as follows. 

Allergen extraction and concentration determi-
nation: Ten gram samples from air-filters were 
dissolved in PBS solution at a ratio of 1:30 
(W/V). The mixture was treated with ultrasonic 
smash (200 V) for 5 min and gas bath thermo-
stats oscillator at 4°C by 50 r/min for 48 h. The 
extraction was centrifuged at 3000 g for 10 
min, and the supernatant was filtered through 

0.22 μm microporous membrane filter. Protein 
concentration was determined with Bradford 
method (595 nm) at -80°C for further use. 

SDS-PAGE: Equal volumes (about 20 µg of total 
soluble proteins) of clarified extract of each 
treatment were analyzed on a 12.5% polyacryl-
amide gel according to Laemmli’s method [11] 
in a Mini-PROTEAN 3 system (Bio-Rad, Berkeley, 
CA, USA) and stained with Coomassie blue 
R-250 (Sigma-Aldrich® Co. LLC. St Louis, MO, 
USA) to visualize the proteins.

Western blotting

For Western blot analysis, different concentra-
tions of samples were analyzed on a 12.5% 
SDS-PAGE gel according to Laemmli’s method 
[11] in a Mini-PROTEAN 3 system (Bio-Rad) and 
transferred onto an Immobilon-P membrane 
(EMD Millipore, Billerica, MA, USA). Membranes 
were incubated in blocking buffer (5% dried 
milk, 0.5% Tween-20 in PBS, pH 7.2) for at least 
30 min. Afterward, the membranes were incu-
bated for 2 h in blocking buffer containing Der 
f1 (Der P1/Der f2/Der P2)-specific rabbit poly-
clonal antiserum (obtained after immunization 
with the relevant purified native protein, respec-
tively) mixed with PBS (pH 7.2) at a ratio of 
1:10000. A horseradish peroxidase-conjugated 
goat anti-rabbit IgG (Sigma-Aldrich® Co. LLC.) 
mixed with PBS at a ratio of 1:10000 was used 

Figure 1. Treatment of the protein from the positive 
sample extract with SDS-PAGE. M: Protein marker. 
1-4: Indicating the extract concentration at 5.0 µg/
ml, 10.0 µg/ml, 20.0 µg/ml and 30.0 µg/ml, respec-
tively.

Figure 2. Treatment of the protein from the negative 
sample extract with SDS-PAGE. M: Protein marker. 
1-4: The negative sample extract selected at random.
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as secondary antibody, followed by three wash-
es in blocking buffer (20 min each). Transferred 
proteins were visualized using DAB Horseradish 
Peroxidase Color Development Kit (Sangon 
Biotech, Shanghai, China) in PBS (pH 7.2) 
according to the manufacturer’s instructions. 

Development of mouse models with asthma

Forty BALB/c mice were randomly assigned to 
4 groups (n = 10 for each), i.e., PBS group, OVA 
group, extract group (referred to the samples 
containing 4 allergens of acaroid mites), and 
negative group (referred to the samples not 
containing the allergens above). On days 0, 7 
and 14, mice were intraperitoneally injected 
with 10 µg relevant allergen, respectively, which 
was dissolved in 100 µl PBS containing 2% 
(W/V) Al (OH)3 suspension. The PBS group 
received PBS injection instead. At day 21, the 
animals were caged in the airway challenge 
apparatus, and challenged by nebulized inhala-
tion of total protein suspension (20 µg/ml) for 
30 min on 7 successive days. The concentra-
tion of OVA was 10 µg/ml. The PBS group was 
challenged by PBS instead. 

Detection of cytokines in BALF and antibodies 
in sera

Twenty-four hours after the final aerosol chal-
lenge, the mice were anesthetized with intra-
peritoneal injection of 100 µl 0.5% pentobarbi-
tal sodium. After the trachea of each mouse 

was cannulated, a syringe with 19-gauge nee-
dle was used to infuse 0.3 ml of sterilized PBS 
and withdraw bronchoalveolar lavage fluid 
(BALF). This was repeated 2 more times, and a 
total of 0.9 ml BALF was obtained per mouse. 
Subsequently, BALF was centrifuged at 3000 × 
g for 5 min at 4°C, and the supernatant was 
collected and stored at -80°C. The blood sam-
ples were also collected via orbital cavity, cen-
trifuged by 4000 × g at 4°C for 5 min and stored 
at -80°C. ELISA was performed to detect the 
levels of IFN-γ, IL-4, and IL-5 in BALF, as well as 
serum antibodies of IgE, according to the man-
ufacturer’s protocol. 

Preparation of pathological sections from 
pulmonary tissue

The pulmonary sections were obtained from 
the other side of the lung free of lavage, fixed in 
10% formalin overnight, embedded in paraffin, 
sliced conventionally and stained with hema-
toxylin and eosin (HE). The inflammatory chang-
es were examined microscopically and asse- 
ssed based on the extent of eosinophils infiltra-
tion, epithelia damage, and edema in the lung, 
according to the scoring protocol described by 
Underwood [12].

Statistical analysis

Statistical analysis was carried out using SPSS 
for Windows, version 16.0 (SPSS, Chicago, IL, 
USA), and the statistical data for each group 

Figure 3. Western blot assay of the sample extract 
by dissimilar primary antibody incubation of the Der 
f1, Der p1, Der f2 or Der p2. A-D: The rabbit serum 
sensitized with Der f1, Der p1, Der f2 or Der p2 as 
primary antibody; 1-5: The sample concentration at 
30.0 µg/ml, 20.0 µg/ml, 10.0 µg/ml, 5.0 µg/ml and 
1.0 µg/ml, respectively.

Figure 4. Serum IgE level for mice in each group. A: 
Compared with PBS group and negative controls, the 
statistics is different (P < 0.01); B: There is no sta-
tistical difference as compared with OVA group (P = 
0.85); C: No statistical difference is found compared 
to PBS group (P = 0.87).
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were expressed in (
_
x s! ) in terms of one-factor 

analysis of variance. The group comparisons 
were performed using least significant differ-
ence-t (LSD-t) and Thamhane’s T2 method. A 
p-value ≤ 0.05 was accepted as significant. 

Results 

SDS-PAGE and Western blot

The concentrations of total proteins varied 
from 4.37 µg/ml to 30.76 µg/ml among 60 
samples after quantification. The major strips 
revealed between 14KD and 50KD by SDS-
PAGE (Figure 1). The extracts with different 
concentrations were further assayed using dif-
ferent primary antibodies by Western blot, the 
results showed that positive samples revealed 
characteristic footprints, and there was no sig-
nificant imprinting for the extract from negative 
samples (Figure 3). Contrarily, the samples 
confirmed by Western blot with negative mite 
allergens failed to present distinct strips (Figure 
2).

Serum IgE concentration

The level of total sera IgE was not significantly 
different between PBS group (7.07 ± 3.86 µg/
ml) and negative group (8.61 ± 2.14 µg/ml) (P = 
0.87). However, compared with PBS and nega-
tive groups, the level of IgE in extract group 
(56.65 ± 8.12 µg/ml) was significantly different 
(P < 0.01, Figure 4), and there was no statisti-
cal difference between extract group and OVA 
group (61.99 ± 12.49 µg/ml) (P = 0.85) (Figure 
4).

Determination of the levels for IFN-γ, IL-4 and 
IL-5 in BALF

IFN-γ levels in the extract group (3.61 ± 1.29 
pg/ml) showed no statistical difference with 
OVA group (3.46 ± 1.74 pg/ml) (P = 1.0), but 
were lower than PBS group (9.45 ± 5.23) pg/ml 
and negative group (8.19 ± 4.25 pg/ml) (P < 
0.01, respectively), and PBS group remained 
similar with negative group (P = 0.993) (Figure 
5A). IL-4 levels in the extract group (96.27 ± 
14.08 pg/ml) were significantly higher than 

Figure 5. Levels of IFN-γ, IL-4 and IL-5 in 
BALF detected with ELISA. A: Compari-
son with PBS and negative groups shows 
statistical difference (P < 0.01); B: No 
statistical difference compared with OVA 
group (IFN-γ: P = 1.0; IL-4: P = 0.814; IL-
5: P = 0.148); C: Significance is not differ-
ent in comparison with PBS group (PIFN-γ = 
0.993, PIL-4 = 0.694, PIL-5 = 0.67).
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those in groups of PBS (11.09 ± 4.65 pg/ml) 
and negative control (13.98 ± 4.58 pg/ml) (P < 
0.01, respectively), yet indicated no statistical 
difference with OVA group (88.91 ± 13.25 pg/
ml) (P = 0.814). PBS group was not as different 
as the negative controls in statistics (P = 0.694) 
(Figure 5B). Higher levels of IL-5 were seen in 
the extract group (338.67 ± 36.47 pg/ml) as 
compared with PBS group (48.11 ± 13.83 pg/
ml) and negative controls (53.42 ± 16.03 pg/
ml) (P < 0.01, respectively), whereas the levels 
had no significant difference with OVA group 
(356.95 ± 35.68 pg/ml) (P = 0.148), and PBS 
group also not different from the negative con-
trols (P = 0.67) (Figure 5C). 

Histopathological examination of the lung tis-
sues

On histopathological examination of the lung 
tissues from each group of mice, slightly infil-
trated inflammatory cells and minor effusion 

were found in PBS group, yet the bronchial wall 
remained intact (Figure 6A). The negative con-
trols presented partially collapsed bronchial 
wall with more inflammatory exudates and 
eosinophil infiltration than PBS group (Figure 
6B). The sections from OVA and positive extract 
sensitized groups exposed significant inflam-
matory cell infiltration into the pulmonary tis-
sues and mucosal layers of the bronchi, with 
major eosinophils and massive inflammatory 
effusion in interstitium, and the bronchial wall 
was affected to different degrees, including 
damaged cilia of columnar epithelial cells, shed 
epithelial cells, spasm of smooth muscle and 
thickened bronchial walls with visible edema 
(Figure 6C and 6D).

Discussion 

Major group allergens 1 and 2 are greatly 
responsible for asthma and allergic disorders 
of variety [13-15]. The filters in air-conditioning 

Figure 6. Pathological sections for mice in each group (× 400). A: PBS group; B: Negative controls; C: OVA group; D: 
Positive extract sensitized group.
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systems may supply favorable breeding 
grounds for the acaroid mites, thus resulting in 
cumulative air-borne allergens and onset of 
asthmatic symptoms. Our SDS-PAGE findings 
suggested that the total protein extracted from 
some of the samples was distributed at 
between 14KD and 50KD. Still, specific immu-
noblotting by Western blot assay was seen 
under diverse primary antibody incubation, this 
further confirmed that the total protein from 
previous extract contained major allergens 1 
and 2, which are consistent with the previous 
reports, such as the findings on the indoor aller-
gens investigated by Liu et al [16]. 

Allergic asthma attack is generally recognized 
as the results of so excessive proliferation of 
Th2 cells that leads to imbalanced presence of 
Th1/Th2, reduced cytokine IFN-γ secreted by 
Th1 cells, but increased IL-4 and IL-5 secretion 
from Th2 cells, eventually causing allergen-spe-
cific IgE antibody production and onset of asth-
matic symptoms. In current study, the mice 
were sensitized with the positive extract from 
the dust samples, and the results determined 
by ELISA suggested no significant difference 
with animals treated with OVA regarding the lev-
els of IgE, IFN-γ, IL-4 and IL-5, whereas that the 
difference was significant as compared with 
PBS group and negative controls. Pathological 
changes to a certain degree were seen in pul-
monary sections for each group of mice, yet the 
lesion were prominent in animals these find-
ings demonstrated that the dusts from the air-
conditioner screens are highly allergenic effect 
to induce allergic response, including asthma. 
No significant statistical difference found for 
the animals treated with negative extract and 
PBS may further explain that the pathological 
changes in the previous lungs tissues are asso-
ciated with major group allergens 1 and 2. Lian 
et al [17] detected the Der p1, Der f1 and Der 2 
in the dust samples with monoclonal antibody-
based ELISA, and concluded that mite aller-
gens exist in the filters of air conditioner and 
are important source of indoor allergens and 
cause of the increasing prevalence of allergic 
asthma, which is in consistence with our find- 
ings. 

Dust accumulation at the screens of air-condi-
tioning system tends to increase the risks of 
mite breeding and allergen concentration, 
which are causative effects on human health. 

Regular cleaning of the filters and indoor desic-
cation by operating the air-conditioner can 
effectively reduce the humidity and control the 
mite breeding in a house [18]. This will availably 
bring down the acaroid mite allergen in living 
space and prevent from asthma attack as well 
as its prevalence [19-21]. The special geo-
graphical environment of Wuhu city is likely to 
supply the acaroid mites with favorable breed-
ing conditions, and inappropriate operation of 
the air-conditioning system may otherwise 
make air-borne allergens accumulative in the 
house [22]. In our investigation on the sixteen 
negative samples, we found that those resi-
dents had habit of frequent cleansing their air 
filters in air-conditioning system. Whereas, the 
dwellers whose samples were positive reported 
irritation of upper respiratory tract symptom to 
a certain degree and even asthma attack soon 
after the air-conditioner was operating. There- 
fore, we recommend that the air filters in an air-
conditioner should be cleansed regularly at 
least one to twice a week, which may be sound 
and practical approaches to improving the 
health of individuals with asthma by effectively 
getting rid of or reducing the indoor mite aller-
gen concentration [23]. 

In summary, by application of molecular biology 
identification technique to detect the mite aller-
gens in the air filters of air-conditioning system, 
we found that such allergens are almost pres-
ent in the samples, with major group 1 and 2 
predominant. These allergens are highly aller-
genic effects that shall call our public attention. 
These findings may supply with scientific and 
theoretical basis for appropriate operation of 
the air-conditioning system to effectively con-
trol the generation of the acaroid mite allergens 
in living environment as well as prevention of 
the allergic disorders due to sensitization to 
house acaroid mites. 
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